i

CSIRO
CSIRO LAND and WATER

e — .
]

Ecological History of the Tuggerah Lakes
Final Report
By Anthony Scott

SAINTY & ASSOCIATES

CSIRO Land and Water, Canberra
Technical Report 18/99 June 1999




()

CSIRO
CSIRO LAND and WATER

|

Ecological History of the Tuggerah Lakes
Final Report

By Anthony Scott

June 1999

Produced by CSIRO Land and Water and Sainty & Associates
for Wyong Shire Council.

CSIRO Land and Water, Canberra
Technical Report 18/99 June 1999




Acknowledgements

| would like to thank the residents of Wyong Shire who provided much of the information collected for
thisreport. It was a pleasure to meet so many friendly people and to be given the opportunity of
recording their memories of the Tuggerah Lakes. In many instances they also lent me their old photos,
newspaper clippings and maps. Their enthusiasm and support for this project is something | will always
remember.

| would also like to thank Wyong Shire Council for their financial support and in particular Greg
Walkerden, Danny Roberts and Sharon Cummins. Both their technical assistance and their patience
at what seemed to be a never-ending task was greatly appreciated.

Also Geoff Sainty and Kathryn Duchatd of Sainty & Associates for project management and technical
contributions to the project, and Phil Morley of the Wyong District Museum & Historical Society who
spent agreat deal of time searching through their records for relevant documents and photos.

The report was reviewed by Graeme Batley (CSIRO Energy Technology), Ann Gronell (CSIRO
Division of Marine Research), Ross Higginson (NSW EPA), Gary Henry (NSW Fisheries), Phil
Morley (Wyong Historic Society), lan Webster (CSIRO Land & Water) , Robert King (Schoal of
Biological Science, University of NSW), Alan Morris (NSW National Parks & Wildlife Service), Glenn
Sharrock (Delta Electricity), Ken Grantham and Terry Gibbs (Wyong Shire Council),

Addresses;

Anthony Scott

CSIRO Land and Water
GPO Box 1666
Canberra ACT 2601

Geoff Sainty

Sainty and Associates
PO Box 1219

Potts Point, NSW 2011

Greg Walkerden

Environmental Systems Manager
Wyong Shire Council

PO Box 20

Wyong NSW 2259

Front cover photo; Constructing the first ‘Long Jetty’, circa 1915. (suppliedMypng Historical Society)



Table of Contents

ACKNOWLEDGEMENTS. ...ttt tettteesstetessstesesasseassasesessastesesassssessasssessassesesasssssssasesesssssesesanssssssasssssssbenesaastssssansseessssenessns 2
SO L A N 22T 4
1 INTRODUGCTION ..ttt ettt e e e e e et e et e e s s s e s b a e et e e s s sas st aeseeessessabaaseeasssssaabbabeeassessasbasseesssssasssnrens 6
1.1 (== 0 1 LV =S 6
1.2 INTERPRETATION OF HISTORICAL INFORMATION L11ttiiiiiiiiurrreteeeseiiisrsseeeseseissssssssessssssssssssessssssssssssssesssssssssssens 6
1.3 THE TUGGERAH LAKES ... .uutttiiiiiiiiiititiiee e s e ssiibtstees e s et asbabaseeesssaasbasaeeseassessbabaseeesssesasabasesesssesasbabanesesssasrnrens 7
2 SETTLEMENT OF THE TUGGERAH LAKES ...ttt sttt e st ae s s s bae e s e ate s s enne s 9
2.1 ABORIGINAL SETTLEMENT L.iiiuuttttieteieiiitasteessseiasisssseesssssasisstssssssssesisssssseessseisssssssssssssiamssssssesssssemssssssssesssenns 9
2.2  THEFIRST EUROPEAN SETTLERS (1820S— 187(E) .. ...ccceiieieeeieiuiiiiie i e e e eeee e e eeeeetataaa s e s e e e e e s eeeeeaestnenaaaaeaeeeaeeas 9
2.3 DEVELOPMENT ACCELERATES AFTER THE OPENING OF THE RAILWAY (18805 — 195(5) .....cvuvveeveieeeeeieeeennns 10
2.4 URBAN DEVELOPMENT (19605 — 199ME) .....eetieiiuitiiiieeiiiiiiitee e sttt ee e e s sttt e e e e st e e e e s esbbn e e e e e e ennbbe e e e e e e nnnnees 11
3. AQUATIC PLANTSAND ALGAE ... ettt ettt te et e s e s e e st e e ate e sateesae e e sateesnaeesaneennneenes 13
3.1
3.2
3.3
34 HISTORY OF ‘“WEED’ GROWTH IN THE TUGGERAH LAKES.....uituiiiiiiiiiei et e e e e s et et s s sne e e sannas 17
3.5 VWEED GROWTH — LONG TERM CHANGES .....itutittittietteett ettt eesaesttesstessnsstaesane st sssnsetnsstnssanestssssstestsranssternns 27
3.6 BUTROPHICATION IN COASTAL AREAS OF AUSTRALIA ..ouuiitiiieiee et et eeee et st e e s s s e e et e s s e e s e et e eaeebaeeans 30
4, CHANGESALONG THE SHORELINE ...ttt ettt st st e s s abe e s enae s s snnneas 33
LT X @ 11 1N I O U PSS 36
51 FINFISH — ANECDOTAL EVIDENCE . ..uuitutittittitttttttt ettt eteetesaestestasstesteetasstesteesttssttesnessnsesneesetsresnessnreans 36
5.2 FINFISH — ASSESSING THE CATCH STATISTICS it uititittittitteetestststsssssssssssanssssssssnssnssnssersrasrnernsenerarnns 39
53 FRAWNS — ANECDOTAL EVIDENCE ..ituituititttetetstststsaasaassasaassassassasenseaseaseassastaeeaeeaesaeraeraerserseraeraerassanrans 46
5.4 PRAWNS — ASSESSING THE CATCH STATISTICS. . ttuittuitnittnettneeaetteeaestetassastseraassteraessasstresnessnsesneesssenrees 47
55 ASSESSING THE RECREATIONAL CATCH OF FINFISH AND PRAWNS ....ituiiitieiniiiiieeneetessnesanestnesaneetnsssnseanesrnees 48
5.6 OTHER MARINE SPECIES ..t titttetttttetteetttteaeetastaasesa st ssaa ettt saa st saa et setseasste st ssasstsssnssstrernessnssenss Q... 4
6 NUTRIENTSIN THE TUGGERAH LAKES ...ttt s saaba e e e e e 52
6.1 SOURCES OF NUTRIENT S et ttttttttttetttesttssesaessusesnestnessness st eansstesssetestseaestieetasstieeteesasstiereesiesnns 2. 5
6.2 (@ 1= Y E o7 YNV N TN =] | i 12 2SR 52
6.3 NUTRIENT LIMITATION & ttutttuittnettetteetsetesssssesseesssssesnessassneesnessnresesteeseeteraesetiesteereestiereesneenm 54.......
6.4 NUTRIENT BUDGET FOR THE TUGGERAH LAKES. . ..utiitiitiiiiiieiieei i ee st e e et e st e et e s s sae st s s b s et e sbesaaateeas 55
6.5 SEDIMENT AND NUTRIENTS FROM THE UPPER CATCHMENT 1tituittiiitiein ettt eeietiesaeetessesaestesnsstessessnsssnnees 57
6.6 S e TY 7= = I LU 1 T ) P 58...
6.7 URBAN STORMWIATER .. ttttttttttntttensanssnssnssnssnssnssaesassnssnssnssassnssassnenessessensessesressesreseesseseesersersessesssmm aqQ......
7 OPENING OF THE ENTRANCE CHANNEL ..ottt ettt re s s eabaaeee s s s seaaaeees e e 62
8 MUNMORAH POWER STATION ..ottt ettt et e e st ae e s e s s s e s st as e s e s s s e snsbaseseassessasbasenesseeas 65
8.1 IMPACTS OF THE POWER STATION ... ittiituitiiteitettett et ett s esae s st ss st s saesassesaessasas e sasssnsesnsstnssansesnsstnsrsnsetneranns 65
O WATERBIRDS. ...ttt ettt e e e ettt e s et e e e s seb et e s eabteeesaaaeeessabeeesesseeesasesaessabaeessantesessseeessabanesaas 74
10 (ORI o = R R Y N7 X O 15 T 78
11 (O(@ N[O I LS 10 1\ 7 79
LR = N O 81
APPENDIX 1 SOME NOTESON CALCULATING NUTRIENT LOADS...... et 85



Summary

The Tuggerah Lakes are on the Central Coast of NSW and consist of three interconnected coastal

lagoons, Lake Munmorah, Budgewoi Lake and Tuggerah Lake. There has been rapid urban devel opment

over the last 20-30 years and this has resulted in a number of environmental pressures being placed on

the lakes’ ecology. One of the problems facing the managers of the Tuggerah Lakes is the lack of
scientific data available that provides an indication of what the lakes were like in pre-development times.
To overcome this problem, historical information was collected to provide an insight into the long term
ecological changes of the lakes. This included historical documents, old newspapers and anecdotal
records from residents who have lived in the area for up to 90 years. The historical information was then
combined with more recent scientific studies of the lakes to provide a better understanding of the
ecological changes to the lakes since European settlement.

Pressures and impacts
The evidence collected suggests that European settlement has placed a number of pressures on the
ecology of the lakes, including;

* Rapid urban development around the lakes, with associated problems with sewage and stormwater
disposal,

e Operation of a coal-fired power station which used lake water for cooling purposes,

* Land clearing and logging of the upper catchment, and resulting erosion problems,

« Dredging of the entrance channel to reduce flooding and maintain a permanent opening,

» Commercial and recreational fishing and prawning.

These pressures have impacted on the lake ecology in many ways, some more obvious than others. The
most noticeable long term impacts are:

* Increased nutrient concentrations in water and sediment, particularly in the nearshore zone,

« Increase in abundance of macroalgae in the nearshore zone,

» Loss of seagrass in the centre of the lakes, particiRafdyia megacarpa,

» Increased levels of organic ooze (and associated smells) in nearshore zone,

* Possible decrease in abundance of some species of fish and prawns,

» Loss of riparian vegetation and reclamation of surrounding wetlands,

» Decrease in abundance of jellyfish in the lakes,

e Areduction in the natural variation of lake parameters (such as salinity and water level) due to the
policy of maintaining a permanently open entrance channel,

* Increased sedimentation, particularly near stormwater drains.

The pressures and impacts for the Tuggerah Lakes are very similar to those being experienced by other
estuarine lakes along the NSW coast, in particular Lake Macquarie near Newcastle and Lake lllawarra
near Wollongong.

Recent changes in pressures and impacts

In recent years two of the pressures on the ecology of the lakes have been greatly reduced. In the late
1980s and early 1990s the sewerage scheme for the Shire was completed, and this has virtually
eliminated one of the major sources of nutrients to the lakes. Secondly, the Munmorah Power Station
greatly reduced its operation in the mid 1990s and this returns the circulation patterns and water
temperature of two northern lakes to their natural condition.

It has also become apparent that the ‘health’ of the lakes might have been slowly improving over the last
four to five years. The growth of macroalgae in the nearshore zone, for instance, seems to have declined,
and professional fishermen are starting to report increases in the abundance of the greasyback prawn.
However, these anecdotal reports need to be tested by scientific monitoring of the lakes’ ecology over a
number of years to confirm that they are in fact a long term change rather than just part of a natural
fluctuation in the system.



On aless positive note, isthe ever expanding urban development around the lakes and the increasing
quantities of sediment, nutrients and other pollutants associated with the runoff from these areas. Urban
development is also accelerating the loss of riparian vegetation and reclamation of wetlands around the
lakes. Controlling the impacts of urban development is probably the greatest challenge for those
managing the Tuggerah Lakes.

Linking pressures with impacts

When attempting to link the major pressures on the system with observed changesin lake ecology, great
care needs to be taken. Unlessthereisavery strong direct link between a particular pressure and how a
part of the ecosystem operates, it can be a difficult task due to the extreme complexity of the ecological
processes operating in the lake and the possibility of indirect secondary impacts going unnoticed. For the
Tuggerah Lakes (and many other estuarine lakes along the NSW coast) thisis further complicated by the
high number of different pressures acting on the ecosystem at the sametime. In addition, the natural
variability of the system, over time periods of years and sometimes even decades, can make it difficult to
determine what are natural fluctuations in the lake ecology and what are anthropogenic impacts.

However, by improving our understanding of the ecology, both in present times and in pre-European
times, it should be possible to make more informed assessments of how the system has changed. Thisin
turn should provide a better framework for the environmental management of the lakes, and assist with
efforts to restore the lakes to a state closer to its original condition.

The value of collecting historical information

This study also demonstrates the value of using historica information to devel op a better understanding
of ecological systems such as the Tuggerah Lakes. Virtualy all scientific studies undertaken on these
lakes have occurred since the early 1960s and there are few scientific records prior to thistime. To
develop a better understanding of the ecology before that date, the historical records were found to be a
very useful source of information. It is hoped that other ecological studieswill utilise this valuable
source of information.




1 Introduction

1.1 Objective

Only forty years ago, the Tuggerah Lakes, on the Central Coast of New South Wales, consisted of afew
small villages and towns which catered for the annual influx of visitors during the summer holidays.
However, over the last few decades these towns have been transformed into large urban centres, with an
associated population increase from 13,000 in 1954 to over 100,000 in the 1990s. Thisrapid
development has resulted in a number of environmental pressures, and in the late 1980s - early 1990s the
Tuggerah Lakes suffered from eutrophication, with macroalgae blooms being common within shallow
nearshore habitats.

Management actions to alleviate the excessive macroalgal growth resulted in the ‘Lakes Restoration
Program’ in the late 1980s and early 1990s. However, this Program was only partially successful.

It is now clear that to develop long term management plans for the lakes, a better understanding of their
ecology is required. However, one of the problems facing the managers of the Tuggerah Lakes, is that
there is very little scientific data available that provides an indication of what the lakes were like in pre-
development times, since most scientific studies have been undertaken in the last 30-40 years.

The objective of this study was to:

Collect information about the ecological changes that have occurred in the Tuggerah Lakes since
European settlement in the early 19" century.

Since there were very few scientific studies of the Tuggerah Lakes prior to 1960, most of the key
information used to develop a long term picture of ecological changes was of a qualitative nature. The
most valuable source of information available was the collective memories of local residents, and in
particular the retired professional fishermen. These people could provide information about the lakes
prior to the 1960s, and in some cases as early as the 1920s, when the impact of European settlement was
still minimal. Other sources of information included articles in old newspapers, old photos and maps,

and other historical documents.

The historical information was then combined with the results of more recent scientific studies, to
provide a better understanding of the long term ecological changes to the lakes.

1.2 Interpretation of historical information

In the absence of quantitative scientific data, anecdotal records (both written and oral) can provide an
alternative source of information. However, such information has often been criticised by scientists for
inaccuracy, subjectivity and selectivity. These short-comings can be minimised by careful design of both
the data collection and the analysis. When assessing anecdotal records for instance, it is unwise to rely
on the recollections of just one individual, but if it is corroborated by many others then the evidence is
much stronger. Anecdotal records might also be supported by historical documents such as diaries,
letters or newspaper articles. For ecological history, the evidence gathered from anecdotal records is
further strengthened if it follows ‘scientific logic’.

Sometimes observations reported by locals might appear to be in conflict, for example, in the perceived
abundance of ‘weed’ in the Tuggerah Lakes. However, variability is a natural feature of most
ecosystems, including the Tuggerah Lakes, and some differences in observations should be expected.
For instance, one person might be recollecting a large quantity of weed at one end of the lake system
during a specific year, while another person might remember very little weed but at a different location



(spatial variability) or in adifferent year (temporal variability). This can be confounded further by the
difficulty many people have at recollecting the exact year of a particular event or observation.

There can also be a difference in opinion depending on what one’s past experiences have been. For
instance, an older local who experienced the large growth of stackweed in the 1920s might think that the
weed growth in the 1970s was minimal. However, another person who first arrived at the lakes in the
1940s when there was very little weed present, might describe the weed growth in the 1970s quite
differently. Differences in perception, depending on one’s past experiences, was also evident when
collecting information on the abundance of fish in the lakes.

In summary, when interpreting the anecdotal information, one cannot expect all memories to be
completely consistent due to different perceptions and also due to the large natural variability of the lakes
both over time and at different locations. However, despite this, there were many topics for which most
people interviewed had very similar recollections and a great deal of consistency was obtained. This has
provided some valuable information about the past ecology of the Tuggerah Lakes and has enabled us to
piece together a picture of what the lakes were like earlier this century when the impact of European
settlement was still minimal.

1.3 TheTuggerah Lakes

The Tuggerah Lakes are on the Central Coast of NSW and consist of three interconnected coastal
lagoons, Lake Munmorah, Budgewoi Lake and Tuggerah Lake (Figure 1). The three lakes cover a total
area of 77 sq km and have a perimeter of 105 km. The largest of the lakes is Tuggerah Lake with an area
of 54 sq km (IDC 1979). The lakes are shallow, the average depth being 1.9 metres.

There is only limited interchange of water between the lakes and the sea through a narrow channel at The
Entrance, and hence tides in the main body of the lakes are negligible. Tidal exchange has been
estimated at approximately 1% (IDC 1979, Hunter 1995) but would vary with the size of the entrance
channel. The average water level in the lakes is about 0.2 m above sea level, and the highest flood level
in the lakes is reported to have been approximately 2.0 m above sea level (Lawson and Treloar 1994,
PWD 1992).

The total area of the catchment serving the lakes is 671 square kilometres (IDC 1979). Freshwater flow
into the lakes comes mainly from Wyong River (catchment of 347 sq km), Ourimbah Creek (141 sq km)
and to a lesser extent Wallarah Creek (32 sq km).

Salinity in the lakes is affected by freshwater input from catchment runoff and precipitation, by salt water
input from the ocean and by evaporation. Salinity variation is normally in the range 17-28ppt (compared
with ocean water at 35ppt). There are local variations within the lakes due to proximity of freshwater
inflow or due to ocean influence. During extended droughts salinity over 40 ppt has been recorded but in
times of heavy rainfall can be as low as 5 ppt.

The lakes contain a diversity of aquatic plants and animals, support tourist and fishing industries, and are
also an important aesthetic and recreational resource for residents.

Table 1l Physical characteristics of Tuggerah Lakes and the catchment

Lake Surface Shoreline Volume Mean depth Catchment area
(knr?) (km) (10° ) (m) (krr)

Tuggerah 58 60 91 16 600

Budgewoi 11 30 18 16 42

Munmorah 8 15 14 1.8 29

Total 77 105 123 - 671




Coastal L agoons

Coastal lagoons are areas of relatively shallow water that have been partly or wholly sealed off from the sea by the
formation of a depositional barrier of sand (Bird 1984). For the Tuggerah Lakes the sand barrier runs from north
of Lake Munmorah right down to The Entrance, and incorporates a former offshore island at Norah Head. Similar
coastal lagoonsinclude Wallis Lake, Myall Lakes, Lake Macquarie, Lake lllawarra, S Georges Basin and
Wagonga Inlet in NSW, and the Gippsland Lakesin Victoria.

Coastal Lagoons often have three zones; a freshwater zone close to the mouths of rivers, a salt-water tidal zone
close to the entrance, and an intervening transitional zone of brackish (moderately saline) but relatively tideless
water. The proportions of each zone vary from one lagoon system to another; the Myall Lakes consist largely of the
freshwater zone, Lake Illawarra and the Tuggerah Lakes largely of the intermediate zone, and Wagonga Inlet
largely of the saltwater tidal zone. The extent of each zone depends largely on the proportion of freshwater inflow
to the lagoon system, and on the size of the entrance channel to the sea (Bird 1984).

Three of these lagoon systems (Lake |llawarra near the industrial city of Wollongong, and Lake Macquarie and
Tuggerah Lakes on the New South Wales Central Coast) have been studied extensively. These lakes all support
some commercial fishing and prawning, but are in regions of rapid urbanisation and have been subject to nutrient
input from sewage and catchment runoff. They are also subject to high levels of recreational use. The proximity of
major population centres and the coal deposits of the Sydney basin has made these lakes suitable sites for coal-fired
power stations. Condenser cooling water is drawn from the lakes and the heated water discharged back into the
lakes, which then act as a cooling field (King and Hodgson 1995).




Figurel. Landusein the Tuggerah L akes catchment

National Park/Reserve

State Forest

Agricultral land

Urban

Industrial




2 Settlement of the Tuggerah Lakes

The ecologica history of the Tuggerah Lakes over the last 200 years, is closely linked to the pattern of
European settlement, both around the lakes and also within the upper catchment. As settlement spread
throughout the district, activities such as the clearing of land, logging, fishing and urban devel opment
have all had impacts on the ecology of the lakes.

2.1 Aboriginal settlement

Thefirst evidence of human habitation in the coastal environment of the Tuggerah Lakesis provided by
aboriginal middens, shell and other food remains, and artefacts. In the coastal escarpment, rock
engravings and painting sites provide further clues to the hunting and gathering activities of the pre-
European population (King and Hodgson 1995). The Wyong District was occupied by three aboriginal
language groups, the Kurringgai, Darkingung and Awabakal tribes. Bennett (1968) estimated that the
peak population in the Central Coast would have been about 360 people. However, the arrival of
Europeans brought new diseases and also an inevitable clash of cultures.

Asearly as 1828 it was reported that only 65 aborigines belonging to five family groups remained in the
digtrict (Bennett 1968), and by 1875 the last full blooded aboriginal of the Wyong district had died.

Ecological Impacts:

With a peak population of only 360 people spread throughout the Central Coast District, the ecol ogical
impact of their hunting and gathering activities would have been negligible compared with the impactsin
the last 200 years caused by European settlement.

2.2 Thefirst European settlers (1820s — 1870s)

The first European landholders in the Wyong Shire acquired their land in the mid to late 1820s. However
thiswas only a handful of people and in the 1830s much of the district remained unexplored. When the
1828 census was taken, there were only 15 households in the Gosford and Wyong districts. (Strom 1984).

While some settlers were establishing farms and raising cattle, others were felling timber and hauling it
out of the valleys with teams of bullocks. Most of the cedar had already been taken by the 1850s and
attention turned to other types of timber. The timber industry steadily expanded, and in 1855 a sawmill
started operation in the Ourimbah valley. During thistime, all timber and produce was transported to
Sydney by boats which travelled regularly aong the coast.

By the 1870s, farms had been devel oped throughout much of the Tuggerah Lakes district, including
Norah Head, The Entrance, Budgewoi, Warnervale, Kanwal and Gorokan. However, despite the
increasing number of farms in the district and the establishment of small villages, it is clear that much of
the arearemained forested and that settlement was still relatively sparse. The earliest settlers practised
mixed farming, including the grazing of sheep and cattle, dairying, pigs, poultry, and crops such as
wheat, corn and potatoes.

Commercial fishing on the lakes became established in the late 1850s, initially at Canton Beach (near
Toukley) by agroup of Chinese fishermen, who were smoking the fish and exporting it to China or
sending it to the goldfields.



Ecological Impacts:

In the 1820s and 1830s the clearing of small areas of land for cultivation, and the selective cutting of
cedar in the valleys of the upper catchment, would have been the first ecological impacts of European
settlement in the district. However, during this period these activities were on arelatively small scale and
any impact on the Tuggerah Lakes would have been quite small. The quality of water reaching the
Tuggerah Lakes from the upper catchment would have remained high.

From the 1850s onwards, as logging and clearing slowly expanded throughout the catchment, the
Tuggerah Lakes would have experienced an increase in the rates of sediment and nutrients entering via
the Wyong River and Ourimbah Creek. Around the lakes themselves however, there was still very little
disturbance of the land and hence very little impact from these areas.

The only other significant impact on the ecology of the lakes during this period would have been caused
by the commencement of commercial fishing in the 1850s.

2.3 Development accelerates after the opening of therailway
(1880s — 1950s)

The opening of the Great Northern Railway in the period 1887-89 was the single most important factor in
the development of the district. Timber could now be transported rapidly and efficiently to Sydney and
the industry started to boom. This led to the development of the Wyong township as large quantities of
timber were hauled into the yards at the railway station.

Agriculture also expanded rapidly, as the railway now allowed fresh farm produce to be sent to the
Sydney markets. By the 1890s citrus farming was expanding into the district and became an important
industry in the Yarramalong, Dooralong and Ourimbah Creek valleys. By 1930 there were 7.833 acres of
orchards in the Gosford-Wyong district which were supplying over one-third of the citrus fruit
production in NSW (Lowndes 1932). Dairying was also expanding, and in 1907 a butter factory was
opened at Wyong.

In the 1920s the timber industry started to decline and mixed farming became the major focus for the
digtrict. 1n 1926 the butter factory commenced the supply of milk to Sydney and in the 1930s and 40s the
industry was flourishing with two hundred farmers sending their milk to the factory for processing.
Poultry farming also became popular, particularly at Kanwal and Warnervale, and the district became one
of the largest egg producersin the state.

The railway was also used to transport the fish caught by an increasing number of professional fishermen
now living at the mouth of the Wyong River (Tacoma).

Throughout the first decades of the twentieth century the Central Coast evolved as afavourite holiday
destination, particularly The Entrance where a number of guesthouses were built. By 1920 subdivisions
were being made at The Entrance with a high proportion of the lots devoted to future holiday home
accommodation. Other subdivisions occurred around the lakes, including Rocky Point, Wyong,
Budgewoi and Gorokan.

The Depression years, quickly followed by World War Two, slowed all development in the district,
particularly the timber industry.

After World War Two, development resumed, although by 1954 the resident population of the Wyong

Shire had only increased to 13,100 and the region was till regarded as a holiday destination rather than
an urban centre.
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Figure 2a. Tuggerah Lakesin mid-1830s
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Figure 2b. Tuggerah Lakesin 1941
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Ecological Impacts:

The main impacts on the Tuggerah Lakes during this period would have been caused by increased

sediment and nutrient loads entering via the creeks and rivers. (Although erosion is a natural geologica

process, most of the sediment is the result of man’s activities on the land, which accelerate the process fal
beyond background levels.) The highest loads probably occurred in the early 1900s when large areas of
land were being cleared for the rapidly expanding agricultural industries, and the logging industry was at
its peak.

Other impacts during this period would have included:

* The development of small towns and villages around the lake shores with associated land clearing,
street runoff and waste disposal problems;

* Expansion of commercial and recreational fishing activities;

e Hunting of waterbirds.

2.4 Urban development (1960s — 1990s)

During this period the focus of the district shifted from agriculture and timber to urban development,
while tourism continued to play an important role.

Thedairy industry started to decline in the 1970s and 80s as land prices climbed and farmers sold their
properties to wealthy investors from Sydney. In 1982 there were only 12 loca dairy farms remaining and
by the mid 1990s the last dairy farm in the district had ceased operation. Citrus farming also declined in
importance, due to the high land prices and a declining price for oranges.

In recent years hobby farms, consisting primarily of grazing land, have become an important land use. In
the valleys along the dluvial flats, turf farming has a so become an important industry. Closer to the
Tuggerah Lakes, rura land is being converted into residential areas.

In the 1990s the timber industry continued in the State Forests of the upper catchment, but at a reduced
intensity compared with its peak period in the early 1900s.

Urban development accelerated in the 1960s with the construction of the Munmorah Power Station and
the associated coal mines. The social structure of the coastal communities started to change, with the
holiday-makers being replaced by a permanent residential population living in urban centres.

In the 1970s the Central Coast became the fastest growing urban district in south-eastern Australia. The
Wyong district was an important contributor to this growth.

Urban development continued through the 1980s largely due to the extension of the Sydney-Newcastle
freeway and the electrification of the Gosford-Newcastle railway. This enabled peopleto liveinthe
Wyong Shire and commute to Sydney for work. By 1990 the population had risen to 102,000. This
population growth has continued through the 1990s with new residential areas being devel oped around
the western shores of Budgewoi Lake and southern shores of Tuggerah Lake, and also extending
westward through Warnervale, Wyong and Tuggerah.

Ecologica Impacts.

During this period (1960s to 1990s) there has been arapid increase in the ecological impacts on the
L akes from urban development. These have included;

» High nutrient loads entering the lakes from septic systems in the 1960s, 70s and early 80s.

e Nutrients and other pollutants from urban runoff, particularly during storms.

* Reclamation of surrounding wetlands for industrial, recreational and housing devel opments.

e Lossof riparian vegetation around the lakes due to housing devel opments.

» Dredging and reclamation activities a ong the shorelines of the lakes.
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While impacts from urban devel opment were increasing, impacts from the agricultural and timber
industriesin the upper catchment were probably declining.

In the last few decades many agricultural activities such as dairying and citrus growing have declined and
land clearing in the upper catchment has slowed. Thiswould have resulted in less disturbance to the land
and hence less erosion. Thereisalso an increased awareness of erosion control in the farming districts
through the introduction of ‘ catchmentmanayement’ principles andbetter protection of riparian lands.
Logging still occurs hut at amuch reluced rate, anderosion control measure have been introduced to
help reduce the gquantity of sediment reading streans.

Overall, the present rates d sadiment andhutrients reaching the lakes fran thevalleys andhills of the
uppe catchment hare probdly declinal from the peés that would have be@ experienced ating the late
19" and easf 20" centry when tere wes little cansideration forerosion control and the timber and
farming industrieswere rapidly expanling.

Othea impactson the Lake g/stem during the 1%0s to 199s have included;

e Opeamtion of the Munmorah Pover Statian from the late 1350s onvards which increaseal the water
temperatrre andcharged wate circulation patternsin the rorthern two lakes.

e Conmercial and recreatioral fishing activities (both within the lakes and offshore).
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Figure 3. Population of Wyong Shire, 1820 to 1997
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Figure4. Tuggerah Lakesin 1998
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Deave’s Point (now called Green Point) on Budgewoi Lake in 1935 (photo; Eileen Brown)



The Entrance in about 1937. The sand bar in the upper left hand side of the photo indicates that the
channel might have been closed off at thistime. (photo from Wyong Historical Society)

Aeria photo of Toukley, probably taken in the late 1930s or early 1940s. (contributed by Graeme
Wagstaff)



3 Agquatic plantsand algae

Many local residents and fishemen u® the term ‘weeds’ whe referring to both the algae and the quatic
plantsthat grow in the Tuggerah L&es andoften nodistinction is made letween them. Thes are n fact
two quite diff erent groups of organiam, and ech will bediscussel in further detail below.

In biolagical terms, the agdic plants and theagaeare both defined asprimary prodicers since they
obtain theirenemy from the sun through phobsynthesis. Primary produers play an importart role in the
ecolay of lakes since they prodice o¥ygengas (& a resit of photosynthesis) andaso provide food and
sheler for aguatic animals.

Both the algal ard aquetic plant populationsin the Tuggerah L&es $iow a hgh degree o natusl
variability, both temporally andspatialy. Temporalvariaility is both on a regular seaonal basisand
alw a les pradictable yearly basis.

3.1 Aquatic plants

The aquatic plants of principa interest in the Tuggerah L&esare the seayrasses, whichgrow under the
water on tle lake bottan. Othe aquetic plants nclude energentspecies along the lke edje sut as
Paspalum vaginatum, Phragmites australis (Common reed),Juncus kraussii (Sea ush) andvarious
saltmarsh gecies.

Segrasesgeneraly grow below he high tide level in the sheltered shellow waters of estuaries They
are flowering plants and are dund in soft sediments lke saml or mud. Like ary plant, seagrasses need
light to grow andare ustally restricted to the upper two metresof water where there is sufficient light. In
form, mary se@ras®s grow from rhizomes, or mderground stems.

The dominart seayrasss in the Tuggerah L&es ae Zostera capricorni (eefrassor ribbonweed)Ruppia
megacar pa (stackweed) ad Halophila ovalis (breamweed or pddleweed).

Table2. Thethreedominant seagrasses of Tuggerah Lakes

Common name | Scientific name Features
Ribbonweed or | Zostera capricorni *  Narrow strap-like leaves up to 50cm long and 0.5 to 2 cm wide
eelgrass » Exhibitsafast leaf growth during spring and summer and leaf lossin

autumn. In winter the rhizomes remain buried in the substrate

«  Propagation of Zostera is almost entirely vegetative through the
spread of the rhizomes.

e Thrivesin waters of high salinity but can tolerate waters of reduced
saline content.

e Canpersistin currents of several knots

e InTuggerah Lakes, tends to favour the sandier sediments.

* Black swans feed on the stolons

Stackweed or Ruppiamegacarpa | »  Slender stems with numerous branches, usually 20-30 cm long but

seatassel (previoudly called sometimes up to 2 metres long.

Ruppia spiralis) «  Narrow leaves less than 2mm wide and 2-20cm long.

*  Ruppia megacarpa, in comparison to Zostera, is often associated with
estuarine waters of reduced salinity.

¢ Intolerant of strong currents, favouring sheltered bays.

¢ Favours areas with muddy sediments.

¢ Note; Ruppia megacarpa is sometimes not classified as a seagrass
since it also grows in hon-marine brackish waters

Bream weed or | Halophila ovalis * Paired oval leaves 1-5 cmlong and 0.5 to 2cm wide.
paddleweed ¢ InTuggerah Lakes, generally restricted to shallow sandy areasto a
depth of approximately 1 metre.

Information derived from Higginson (1965) and West (1983)
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Figure5a. Bream weed or paddleweed (Halophila ovalis)

Figure5b. Ribbonweed (Zostera capricorni)
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Figure5c. Stackweed (Ruppia megacarpa)

Seasonal variations in the abundance of seagrass can be 50% or more. This can be related to changesin
light availability and water temperature which in turn affect the rate of photosynthesis of the plants.

Other important factors include water turbidity, salinity and biological interactions (see Table 3). For
instance, if storms and strong winds keep the lake turbid, plants in deeper water might die back due to the
reduction in light.

Ruppia has asmaller root system than Zostera and tends to grow better on fine sediments. The small root
system also makes it more susceptible to damage from storms. Zostera has a bigger root system and
tends b do better whexthe water is turtlent — either fron wind or wate current.

Halophila isless canspicuaus than theother two seayrasses, cansisting of amall paired kaves and is
generaly found in shallow sang areas.|t is considered pioneer speciein denuded area (Weg 1983)
often b be followed by Zostera.

West (1983) reported that along the NSV sauth coast, coastal lgoons which are regularly open to the sea
containbedsof Zostera and Halophila ovalis at the entrance deltacim shallow water aund the
fringes. Ruppia is also sametimes pesait in thevery shallav waterand at cree&k entrances vhere the
salinity islower. If there are long periods (ofup to several years) when the legoonentrarce daes rot
open,salinity can fall die o rainfall and freshwater inflows, and the much of the Zostera and Halophila
stards are replaced by Ruppia.

Without the presaceof seggrassesin the Tuggerah L&es the wiole elogica balance would beupset,
and here woutl not be the abundace or diversity of fish andbird life. “
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Effect of salinity on seagrasses

Growth studies undertaken at Sydney University showed that Ruppia will grow happily in water of
salinity 0.35 to 35 ppt, although the relative growth rate was 4 times higher towards the brackish end of
the spectrum. Zostera, on the other hand, had its highest growth rate at the marine end of the spectrum.
(Ross Higginson, May 1999)

3.2 Algae

Algae are a natural part of the lakes’ ecology and together with the seagrasses are the main primary
producers. They form an important food source for many species of aquatic animals. The algae can be
broadly divided into two main groups, the microscopic free floating algae collectively called
phytoplankton, and benthic or attached algae (Cheng 1984).

Phytoplankton is the dominant primary producer in the open water of the lakes and is an important food
source for zooplankton and filter feeders . It exhibits seasonal changes in species composition and
abundance. The factors controlling these changes include nutrient availability, light, temperature and
biological interactions. Under certain conditions, usually associated with high nutrient levels, massive
phytoplankton crops can develop, forming ‘algal blooms’. Tuggerah Lakes has not yet had any problems
with blooms of phytoplankton.

Benthic algae includes both microscopic algae growing on the mud surfaces on the lake bottom, and also
the algae that grows on the surfaces of seagrass leaves (which is referred to as epiphytic algae). Other
benthic algae consist of large complex structures that form tangled mats lying over the seagrass beds or
on the mud in the shallow waters of the littoral zone. These are called macroalgae and include
filamentous green algae suchGsaetomorpha, Rhizoclonium, Cladophora andEnteromorpha (King

and Hodgson 1995). Local fishermen often refer to macroalgae as ‘wool'.

Macroalgae occur throughout the year but in spring and early summer they may proliferate. If nutrient
levels are high, large quantities of detached macroalgae will form floating mats, particularly in sheltered
shallow localities. Such blooms of macroalgae have been a problem in the Tuggerah Lakes on a number
of occasions.

Since algae extract nutrients from the surrounding water, the ultimate limiting factor for their growth is
the nutrient status of the lake water.

Macroalgaein the Tuggerah L akes

The nuisance algae in Tuggerah Lakes are mostly green algae, baEwesohfor pha) and more
particularly the finer filamentous typeSHaetomorpha andRhizoclonium). These algae are attached at
least initially, to the substratum which is often the leaves of seagrasses. Later they may form large
floating surface mats which can be buoyed up by the oxygen produced during photosynthesis. A|further
macroalga common in the lakegdsacilaria verrucosa. This is a more robust red alga and it is not
implicated as a nuisance species. The three green algae are naturally occurring in the Tuggerah|Lakes

and are also widely distributed in other estuarine and marine localities around Australia. As elsewhere, it
is their excessive growth and subsequent accumulation and decay with the production of objectignable

odours that is a major cause for complai#tdapted from King 1988)
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3.3 Seagrass and macroalgae — getting the balance right

Beds of seagrass are valuable fish habitat in the Tuggerah Lakes. These act as ahost for epiphytic agae
and small marine animals (such as protozoans) by providing a surface area on which they can grow. In
turn, some species of aguatic invertebrates and fish (such as mullet, luderick and garfish) graze on these.
The seagrass beds also provide shelter for small fish and crustaceans from larger predatory fish.
Macroalgae is another source of food for some aguatic animals inhabiting the lakes.

The unvegetated sand and mud flats around the edges of the lake also play an important role in the
ecology of the lake system by providing habitat for arange of other marine animals such as worms and
shellfish, and also some fish species such as whiting and flathead.

The greatest biodiversity of marine lifein Tuggerah Lakes will occur when thereis a combination of both
vegetated areas (both seagrass beds and macroalgae), and also some unvegetated areas (both sand and
mud flats).

However, if nutrient levelsin the water are high, excessive growth of macroalgae can occur. Thiscan
reduce (or eliminate) seagrass beds and also cover the sand and mud flats. If the lakes become dominated
by macroalgae, the biodiversity islikely to be reduced.

Excessive growth of macroalgae can also restrict commercial fishing activities as well as some
recreational uses of the lakes. Decomposition of large quantities of dead seagrass and algae washed up
aong the shallow edges of the lakes also gives off offensive odours and creates athick layer of organic
ooze which can cover the sandy bottom.

3.4 History of ‘weed’ growth in the Tuggerah Lakes

Much of the information on ‘weed’ growth in the Tuggerah Lakes prior to 1960 was collected from
interviews with local residents and fishermen (Scott 1998). These interviews provided valuable
information back to the 1920s. Prior to 1920, there are only a handful of historical records in annual
reports of the State Fisheries Department. From 1960 onwards anecdotal records could be supplemented
with the results of scientific surveys.

In the following sections, summaries of the key periods of weed growth and other important issues
related to the weed abundance in the lakes, are presented. For a more complete set of references and
anecdotal records, refer to the earlier reports (Allison and Scott 1998, Scott 1998, and Scott 1999).

341 ‘Weed’ and ‘slime’ in the 19" century

There are very few historical references to weed growth in the Tuggerah Lakes prior to 1920. Inthe

annud reports of the Fisheries Department from the 1880s and 1890s there are some passing comments

about ‘slimy weed’ interfering with netting, and to the presence of small fish in the weed around the edge
of the lake.

The only other useful information prior to 1920 are a number of reports, dating as far back as the 1830s
and 1840s, that describe ‘thousands’ of black swans on the lakes (Scott 1999). Since seagrasses, such a
Zostera, constitute the bulk of the food for these birds, these reports indicate that aquatic plants were
present in the lakes prior to any European settlement.
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Simy weed in 1888
The lakes themselves arein a very dirty state owing to a slimy weed which is very destructive to the nets.
| do not expect improvement until a flood occurs. (1888 Fisheries Annua Report)

Weed in the shallow water - 1891

The sea entrance, Ourimbah Creek, Wyong Creek, and the big flat on the eastern side of Budgewoi Lake,
which were swarming with young fish, especially mullet, in fact young fish were very plentiful all round
the shores of the Lake, where the nets could not disturb them owing to the shallow water and the weeds.
(1891 Fisheries Annual Report)

Less weed and slime - January 1898

The young fry are first seen in shallow water on the flats of rivers or lakes and bays. | have seen large

shoals of small fish, from %2 to 1 inch, in drains and round the edges of the lake behind the weeds, and the
water has been so hot that | could scarcely bare to wade in it. Still the young fish seemed to enjoy it. ....
At present the waters are in fair condition, there not being so much slime and weeds on the bottom; but
the weather is very much against getting good hauls. (Memo from Charles Gordon, January 1898,

Fisheries Annual Report for 1897)

3.4.2 Stackweed in the 1920s and early 1930s

A number of the older people interviewed during this project reported that Budgewoi Lake was covered
in large quantities of stackweed (Ruppia megacarpaduring the 1920s and early 1930s (Scott 1998). The
stackweed grew in the deeper parts of the lake and came right up to the surface, reaching lengths of up 3
metres. The southern part of Tuggerah Lake (south of Chittaway Point) also had large quantities of
stackweed during this period. However, the eastern shore of Tuggerah Lake, from Long Jetty north to
Canton Beach was clean and sandy during this time.

During the 1920s and 1930s, Lake Munmorah did not experience a growth of stackweed and all reports
indicate that the lake only contained small patches of ribbonweed.

Weed in the 1920s

The main lake was very weedy on the western side but the eastern side had clear sand flats, where
prawning was done..... The Middle Lake, now known as Budgewoi, was a very weedy lake ...... The Top
Lake, known as Munmorah Lake, was clear of wéAdthur Clouten)

The weed in the 1920s and early 30s

When | started as a child, the whole of Middle Lake was solid weed, you couldn’t get through it in a boat.
There was a channel around to the jetty at Toukley and another through the middle of the lake and the
rest was solid weedPat Clifford)

There was always weed in some areas

The Lakes have always had some weed, even in my father's time - but this was generally confined to the
shallows on the southern and western shores of the bottom and centre lakes - especially the centre where
| have seen these areas very heavily infested ind@esdident since 1891, interviewed in 1963 by

Electricity Commission)
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3.4.3 Littleweed in the 1940s

During the late 1930s and early 1940s the stackweed in Budgewoi and Tuggerah Lakesis reported to
have died off. Although difficult to interpret, aerial photos taken in 1941 appear to confirm that weed
growth was minimal during thistime. The recollections of residents and holiday makers visiting the area
in the 1940s, were of weed-free lakes with sandy foreshores. A number of photos from this period also
show sandy beaches with little weed (see photosin this report and in Scott 1998).

It is possible (but not confirmed) that this loss of stackweed was associated with a succession of dry years
during thistime. During the period 1935 to 1941 every year had below average rainfall and this might
have resulted in a sustained increase in lake salinity, which in turn would have reduced the growth rates
of stackweed.

No weed in 1940s

In 1938 the entrance to the sea blocked. So no sea water, and all weed and shell life died by 1941. The
|ake foreshore became hard sand, fish became very scarce and fishermen had to catch under-size fish to
exist or go to other estuaries. (Arthur Clouten)

3.4.4 Stackweed returnsin 1950s and early 1960s

It wasn't until the early 1950s that fishermen reported substantial areas of ‘weed’ beginning to appear
again. By the early 1960s there were large areas covered in stackweed, in particular the centre of
Budgewoi Lake and the south-western parts of Tuggerah Lake. The weed became so pralific in the early
1960s that fishermen had difficulty using hauling nets (Scott 1998).

The first survey of aquatic plants in the Tuggerah Lakes was undertaken in late 1962 by Higginson
(1965) and his results confirm the large growth of stackweed in Budgewoi and Tuggerah Lakes.
Subsequent surveys by Higginson and the Electricity Commission indicate that the stackweed was still
present in May 1963 but had disappeared by August 1965 (IDC 1979). Newspaper reports from 1965
and 1966 also indicate that the weed growth eased around about this time (Allison and Scott 1998).

However, all anecdotal accounts and surveys of Lake Munmorah during this period indicate that this lake
was relatively free of ‘weed’ apart from some beds of ribbonweed.

Fishing Inspector’'s comments

..the Fisheries Inspector stationed at Lake Macquarie between 1949-1952 and then at Tuggerah Lakes
from 1956-1965. ..has talked with the old professional fishermen of the Lakes who claim the growth of
stackweed (Ruppia) in the twenties was so severe it hampered fishing and movement of boats on the
Lakes. The Inspector also recalls the decline in weed cover of the late forties such that by the mid fifties
Canton Beach was clean sand. Following this there was a rapid growth of weeds culminating in the
severe problem of 1960-1962. (extract from the Interdepartmental Report on the Tuggerah Lakes,
published in 1979)

Sackweed returns to Tuggerah Lake and Budgewoi Lake

From 1939-54 ...there was a little bit of ribbonweed but no stackweed. And that is when there were no
fish and prawnsin the lake too. In 1958 there was stackweed in the lake again. By 1962 .....the
stackweed was right across from Chittaway, and Budgewoi was full of stackweed too. The stackweed
was to the top of the water and you could not use a hauling net so we used a meshing net in between the
weed. But the Top Lake was bare at that time. (Arthur Clouten)
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Seagrass and algal distribution in 1962/63

FIGURE 2

E ZoWMra copricorni - dominaht.

Buppia spirgliy -  gominant
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Figure 6. Seagrasscommunitiesin the Tuggerah Lakesin 1962-63. (plant distribution was compiled by Ross
Higginson from aerial photos taken in November 1962 and supplemented by skindiver transectsin early 1963)

Additional comments by Ross Higginson

The map shown in Figure 6 isa simplified version of the plant distribution in 1962/63 and shows the dominant
seagrass in each region of the lake. Studies reported later (Higginson 1968) show the structure of these seagrass
communities, and to illustrate this, the list of species present within the two most dominant communities together
with an estimation of their abundance are presented below;

Zostera community abundance Ruppia community abundance
Zostera capricorni 90.3% Ruppia megacarpa 78.6%
Enteromorpha clathrata 1.0% Chaetomorpha linum 14.6%
Polysiphonia mollis (epiphyte) - Lyngbya complex 6.6%
Othe macroalgae including Potamopygus procinctus (gastropod) -
Gracilaria verrucosa (Februay), Notospisula cretacea (bivalve) -

Cystophyllum muricatum (April),

Dictyota dichotoma (March) and

Cladophora sp. (June) 8.2%
Velacumantus australis (whelk) -
Spirorbis sp. (tuleworm) -

At this time bot macroagae and Ruppia were onsidered a nuianceby thoseusingthe bke. The Lyndya
complex (probaby Lyngbya majuscula) was a light-gren, vay slimy mass that@metimes beame smelly. It was
capable bpreventing amutboardmotor from operating. Ruppia was giowing to the top ofhewater-line in
Budgewoi Lake and aChittaway Point, and was so thickthat t wasimpossible to drag a fishg net.
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Declinein Ruppia in August 1965

The decline in Ruppia distribution in Budgewoi Lake in August 1965 was caused by excessive water
turbulence (storm-driven) that physically separated the Ruppia roots from the sediment. Ruppia tendsto
grow in finer sediments, and together with its finer root system, is more easily separated fromthe
substrate during times of high turbulence. Zostera, on the other hand prefersto grow on sandier
sediments and, together with its much stronger stoloniferous root system, can withstand turbulent water
movement much more than Ruppia. During the same stormin August 1965, the leaves of Zostera were
torn off the rhizomes and were then deposited around the edges of the lakes, particularly Budgewoi and
Tuggerah Lakes. (Ross Higginson, May 1999)

3.4.5 Hauling nets keep eastern shoresfree of weed

Anecdotal reports (Scott 1998) indicate that the eastern shores of Tuggerah Lakes, from Long Jetty in the
south right up to Canton Beach, remained clear of weed until the 1960s and many locals believe that this
was due to the continuous hauling of prawning nets across the shallow near-shore areas during the
summer months. Hauling nets were used for prawning by professional fishermen until about 1962 when
running nets were introduced, and afew years later snigger trawling. Amateur prawners also used small
20ft hauling nets.

The hauling nets would ‘rake up’ any loose weed along the shorelines. There are also reports that early
this century the fishermen used scythes to remove weed beds that were interfering with the hauling of
nets.

The surveys by Higginson and the Electricity Commission (Higginson 1965, IDC 1979) confirm that on
most occasions in the early to mid 1960s there was little ‘weed’ in the shallows along the shoreline of
Tuggerah Lakes, but do show a band of ribbonweed in deeper water. Surveys from the 1970s onwards,
indicate that stackweed had established in the previously bare shallows between the ribbonweed and the
shoreline. King and Holland (1986) surveyed the vegetation of the Tuggerah Lakes in 1985 and also
observed this trend.

Whether the increased growth of ‘weed’ around the shoreline has only occurred after the use of prawn
hauling nets ceased, or whether it is due to some other factor, such as increased nutrients or mud from
urban runoff, is difficult to determine. However, comments in the diaries of Arthur Clouten, a
professional fisherman in the early 1960s indicate that fishermen had to stop using hauling nets because
of the increased weed growth, rather than the reverse (Scott 1998).

Prawn hauling keeps shores clean of weed

My dad got the big catches of prawns with a prawn hauling net from the shore, a net of 6 strips of 25
yards each (150ydstotal). And that type of net used to keep the shallows clean of weed. ..... This
hauling effect would be occurring each prawning season all along the eastern shore of Tuggerah Lake.
....These days there is no cleaning effect because they are not hauling the net across the shallows.
(Trevor Spiers)

Using a scythe to remove weed
My grandfather used to use a scythe to remove any weed that was in the way of the net because the fish
could lay under the weed, and the net would go over thetop. (Elizabeth Denniss)
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3.4.6 Little ‘weed’ in Lake Munmorah until the late 1960s

As mentioned previously, anecdotal reports of Lake Munmorah prior to the late 1960s indicate that there

had only ever been a few small patches of ‘weed’. However in the late 1960s or early 1970s, locals
reported that ‘weed’ started appearing in locations where it had not been observed previously, in
particular in the shallows along the shoreline. This trend is confirmed by aquatic plant surveys in the
1970s and 80s (IDC 1979, King and Holland 1986).

It is not entirely clear what caused the change in abundance and distribution of ‘weed’ in this lake,
although it was probably associated with the increasing rates of nutrients entering the lake from urban
runoff (particularly from septic tanks) as residential development around the shores accelerated during
the 1960s and 70s. In 1967 the Munmorah Power Station commenced operation and this caused a small
increase in water temperature in Lake Munmorah and changed the water circulation patterns between
Budgewoi and Munmorah Lakes. Whether these impacts also had an effect on the growth of seagrasses
and algae in Lake Munmorabh is unclear.

Munmor ah free of weed

The Top Lake was always a clean lake, you didn’t see much weed, but the weed has grown into it now. |
think the weed grows when you get soil, and a lot of soil has been washed into all these areas, so | think
there is more weed now(Clarrie Wynn)

Lake Munmorah in the 1940s

It was a beautiful lake, clean, sandy shores. Near the camping ground it was all nice white sand. You
wouldn’t have got a bucket full of weed from around the whole lake. It was all sand right the way round,
except the western side which was gravel. There is more weed and mud/nckvA squith)

Lake Munmorah was the ‘cleanest’ lake
| remember in the early 1960s that Lake Munmorah was by far the ‘cleanest’ lake from a vegetative point
of view. (Dr Ross Higginson)

3.4.7 Earlyreferencestoalgal growth (1880sto the 1960s)

There are very few historica referencesto algae in the Tuggerah Lakes apart from afew passing

comments in the annual fisheries reports of the 1880s (see section 3.4.1). One of these refers to a ‘slimey
weed’ and another refers to ‘slime’. Slime is a term often used by fishermen to describe macroalgae,
although ‘slimey weed’ could also refer to seagrass with epiphytic algae growing on its leaves.

Evidence from the 1920s onwards, is largely based on anecdotal reports from retired fishermen. They
recall that ‘wool’ and ‘slime’ have been present in the Tuggerah Lakes ever since they first started
fishing. These reports indicate that macroalgae (‘slime’ and ‘wool’) have always been present in the
Tuggerah Lakes, but like the seagrasses have varied greatly in abundance and distribution from year to
year.

More recently, a map of weed distribution produced in October 1962 by the Electricity Commission (IDC
1979) showedhaetomorpha in the shallows of Tuggerah Lake from Saltwater Creek in the south,

around the western shoreline and up to Wyongah in the north of the lake. The same map showed a small
amount immediately north of The Entrance North in Tuggerah Lake, and another small patch just north

of the large sandbar in Budgewoi Lakeéladophora was also present in the south of Tuggerah Lake and
near the sandbar of Budgewoi Lake. Higginson (1965, 1968) also recorded a variety of macroalgal
species in association with seagrass beds during his surveys in 1963. In 1971 Higginson published a
paper in which he concluded that the eutrophication process had commenced, resulting in excessive
growth of both algae and seagrasses. He attributed this to the increased nutrient inputs from erosion in
the upper catchment and the entry of sewage pollution from urban areas.
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Red wool

There is a sort of weed that we call ‘red wool’; it comes in the spring or towards the latter end of winter.
And then you can't haul a net, you can't do anything. It grows on the bottom. It does not float. It comes
periodically, some years it is there other years it isn’t. | remember in the 1930s we couldn't get the fish
in the nets up because there was so much of the gRdf.Clifford) (Note; The species being referred tois

most likely to be Gracilaria verrucosa)

3.4.8 ‘Weed’ problems continue from the late 1960s until the early 1990s

In the late 1960s and 1970s, people started to report that ‘weed’ (seagrass and macroalgae) was growing
in shallow areas where they remembered it as always being sandy and free of weed.

From the mid 1970s onwards, there are an increasing number of newspaper reports that document the
increasing problems with algal growth along the beaches of the lakes (Allison and Scott 1998).

In 1978, Ernie Quinton, a boat hire operator, led a community campaign to remove large amounts of
macroalgae from Canton Beach (Allison and Scott 1998).

Concern about the algal growth led to the Public Works Department commissioning Cheng and
Associates to undertake a study of macroalgae at Canton Beach and Long Jetty, commencing in
December 1978 (see section 3.4.9).

Problems with weed growth, and in particular macroalgae, continued through the 1980s. In the late
1980s and early 1990s the algal growth became significantly worse, with reports of large amounts of
‘slime’, ‘fungus’ and floating mats of macroalgae. Once again, the algal growth was primarily along the
shallow edges of the lakes where there had once been sandy beaches. These algal blooms coincided wit!
the appearance of bad smells and a black ‘ooze’.

During the same period, from the 1960s to the 1990s, some of the professional fishermen believed there
had been a decline in seagrass beds in the deeper central parts of Tuggerah and Budgewoi Lakes (Scott
1998). In particular they reported a decline in the amount of stackweed. These reports are confirmed by
the weed surveys undertaken in the 1960s, 70s and 80s (IDC 1979, King and Holland 1986, King and
Hodgson 1995).

3.4.9 Algal studiesin the 1970s and 1980s

Dominic Cheng undertook a number of algal studies in the Tuggerah Lakes during the 1970s and 1980s
(Cheng 1979, 1980, 1984, 1985, 1986a, 1986b, 1987). His first survey was in the littoral shallows of
Canton Beach and Long Jetty in the period December 1978 to June 1979 (Cheng 1979), and his results
are summarised below;

Both areas contained the two seagraZset®ra capricorni andRuppia megacarpa, and a variety of algal
species, including the two filamentous green algaaetomor pha linum andEnteromorpha intestinalis.

These two species formed large floating mats, up to a metre thick and many metres across, and appeared
to be the subject of most of the complaints by fishermen and holiday-makers.

During the summer months of 1978-79, at Canton Beach and Long Jetty, seagrasses and algae in the
littoral shallows formed almost continuous carpet covers extending from the edge of the lake to
considerable distances off shore. At Canton Beach the width of the weed belt ranged from 120 metres off
Dunleigh St, at the north-western end, to over 300 metres off Crossingham St, further east. The results of
transect studies by Cheng at Canton Beach indicated that filamentous algae covered about 70% of the
weed belt, either as large algal mats or in association with seagrasses. At Long Jetty the percent cover of
filamentous algae was lower, at about 33%.
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The lake floor within the weed belt was usually covered by a fine black sediment near the |ake edge and
gradually changed to clean sand towards the outer fringe.
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Figure 7. Zones of seagrass and algae observed by Cheng at Canton Beach and Long Jetty in his
1978-79 surveys

3.4.10 Causes of excessive algal growth in littoral zones.

In hisfirst study, Cheng (1979) provided an explanation of why there was excess algal growth in the
littoral zone despite the nutrient concentrations of the open water being quite low. This explanationis
summarised below.

The quantity of algae present in awater body is largely determined by the availability of light and
nutrients. When light is not limiting, such asin the shallow waters around the edge of the Tuggerah
Lakes, itis generally accepted that nutrient availability, especially compounds of nitrogen and
phosphorus, controlsto avery large degree the size of the algal crop present. Indeed, increased agal
growth is usually a major symptom of eutrophication (the nutrient enrichment of water)

Water quality analyses from the open waters of Tuggerah Lakes indicated that the concentrations of

phosphorus and nitrogen were quite low, and well below eutrophic levels. Measurements of chlorophyll-
a (which indicates the amount of phytoplankton present), confirmed this.
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Concentrations of nitrogen, phosphorusand chlorophyll-ain the Tuggerah L akes

Dissolved phosphate 3ug/L
Total phosphorus 5ug/L
Total phosphorus concentration in eutrophic lakes > 30 ug/L
Nitrate nitrogen 20 ug/L
Total inorganic nitrogen 30 ug/L
Total inorganic nitrogen in eutrophic lakes > 500 ug/L
Chlorophyll-a (Tuggerah Lake) 2.7 ug/L
Chlorophyll-a (Budgewoi Lake) 2.3 ug/L
Chlorophyll-a (Munmorah Lake) 3.1 ug/lL
Chlorophyll-ain eutrophic lakes >10 ug/L

At first glance, the presence of the large standing crops of seagrasses and filamentous agae in the littoral
shallows of Canton Beach and Long Jetty appeared to be a contradiction to the results of water quality
monitoring of the lake. However, the routine water quality monitoring was carried out in the open waters
of the lakes and did not include measurements of the littoral shallows where the weed problem was most
severe.

In the littoral zone, the seagrasses and algae were found to be receiving high concentrations of nutrients
from urban stormwater. Thisincluded seepage from septic tanks and urban runoff from roads and
gardens. Under wet weather conditions, Cheng reported that discharges from stormwater drains along
Canton Beach contained total phosphorus concentrations averaging 180 ug/L (and dissolved phosphorus
of 40 ug/L). Some stormwater drains had total phosphorus concentrations above 1000 ug/L. The
nitrate-nitrogen figures were also high, averaging 1440 ug/L with a maximum of 3600 ug/L.

Therefore, during wet weather, when large volumes of urban runoff were flowing into the littoral
shallows of the lakes, there was a significant input of nutrients, both in dissolved form and attached to
sediment.

The nutrients entering the littoral zone viaurban stormwater were eventually deposited or incorporated in
the sediment, where it slowly accumulated. Analyses of sediment samples confirmed that the nitrogen
and phosphorus concentrations were very high. This store of nutrients in the sediment was sufficient to
maintain alarge quantity of algal matter, even without further inputs from the catchment.

In summary, although the open waters of the Tuggerah Lakes have relatively low concentrations of
nutrients, the concentrations in the littoral shallows can be very high due to inputs from the surrounding
urban areas.

Nutrient concentrations - separation of nearshor e zone and main water body

Thereisasignificant degree of separation between the nearshore zone and the main water bodies of the
lakes. The significantly different concentrations of nutrients, and also differencesin oxygen levels and
temperature is evidence of this (Cheng 1979, 1984, 1995) This separation is enhanced by the presence of
seagrass beds which reduce the circulation of water in the nearshore zone, and has two important
consequences for management (Walkerden and Gilmore 1996);

1. The main water bodies have low nutrient concentrations and show little sign of eutrophication, while
the near shore zones have higher nutrient concentrations and are more eutrophic.

2. Different areas of the catchments are the primary sources of nutrients for each region. Pollutants from
the immediate catchment of the lakes dominate inputs into the nearshore zone. These are carried to
the lakes by local surface runoff and local groundwater seepage. It was in these areas that septic
sewage systems predominated in the 1960s and 70s. Pollutants from the wider catchment, carried by
the main rivers and creeks, dominate nutrient inputs to the main water bodies.
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3.4.11 Lessmacroalgaein mid to late 1990s?

Interviews with residentsindicated that in the late 1980s and early 1990s there were large quantities of
macroal gae growing in the shallow areas around the edges of the lakes (Scott 1998). Butinthelast 3 or
4 years residents reported a decline in this growth. Walkerden and Gilmore (1996) reported asimilar
finding from a series of workshops with community representatives, Councillors, and staff officers of
government agencies. They concluded that macroal gae was dominant from about 1982 until 1992 when
there was a sharp decline in abundance.

Possible explanations for this decline are;

A natural biological cycleisat work, although there are no obvious natural variations in the climate
or lake environment that might have caused its disappearance in the early 1990s

Theremoval of sewage inputsto the lake. Septic systems were replaced by areticulated sewerage
system and full implementation wasin place in the late 1980s. The routing of all treated effluent to
ocean outfalls was implemented in 1988. The decline in macroalgae a few years later might smply
reflect alag in response to these improvements.

The implementation of measures to reduce the impacts of urban runoff. In the late 1980s, artificial

wetlands (‘stormwater treatment zones’) were added to over 200 streams draining into the lakes.
However Walkerden and Gilmore (1996) reported that preliminary monitoring carried out by Wyong
Council indicates that these wetlands are only making a marginal contribution to the management of
nutrients.

The physical removal of ooze from shallow nearshore zones during the Lakes Restoration Project
may have reduced the pool of nutrients available for algal growth. The Restoration Project, which
took place from around 1988 to 1993, with much of the work occurring in 1992, involved removing
ooze from 15 km of the lake edge and placing it behind clay bunds (walls) created at the edge of the
lakes. Not only did it remove nutrients but it deepened the nearshore zone, allowing better circulation
of water. However only 15 km out of a total of 105 km of shoreline were treated.

Changes to the entrance channel which improved flushing of the lakes. The entrance channel was
almost closed in 1979, and again in 1980, 1981, and 1986. In the early 1990s however, floods in
February 1990 (1.6 metres) and again in 1992 (1.2 metres) would have helped scour out the entrance
channel (Lawson and Treloar 1994). In addition, dredging at The Entrance was undertaken in the
early 1990s as part of the Lakes Restoration Programme. This might have improved conditions in
Tuggerah Lake, particularly near The Entrance, but would not explain the improvements in other
parts of the lakes where the tidal flushing would have less effect, particularly in Budgewoi and
Munmorah Lakes.

The reduction in output of Munmorah Power Station in the late 1980s followed by the closure of two
of the four generating units in the early 1990s. This resulted in lower water temperatures in Lakes
Budgewoi and Munmorah. However the Power Station had very little effect on Tuggerah Lake
where the reduction in algal growth was also observed.

A number of these explanations are plausible, and possibly it was due to a combination of effects.
Without a doubt however, the removal of sewage inputs through the replacement of septic tanks with a
reticulated sewerage system has virtually eliminated one of the major sources of nutrients in the shallow
nearshore zone of the lakes where the macroalgae was growing.

The recent trends in seagrass growth were more difficult to ascertain. Most of the professional fishermen
interviewed by Scott (1998) reported that there is still very little stackweed compared with the early
1960s (or the 1920s) although a few thought there might have been a very slight increase in the last
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couple of years. On the other hand ribbonweed still appears to be plentiful, with many people still
reporting quite large quantities being washed up on the shore.

The overall feeling of both the residents and fishermen who were interviewed was that the health of the
lake had somewhat improved in the last 3 or 4 years with less ‘slime’ or algal growth along the lake
shores.

Seagrass survey in the summer of 1985
King and Holland (1986) surveyed the seagrasses of the Tuggerah Lakes in the summer of 1985

Seagrasses were recorded as covering 19.3bka%% of the area of the lakeZostera capricorni was
the most widely distributed seagrass occurring over 12.2®kapproximately 16% of the lake area.

Lake Zostera Halophila Ruppia Total area
Tuggerah Lake 9.58 km? 6.43 km? 5.48 km? 12.69 km?
Budgewoi Lake 1.19 © 249 “ 222 4.03 °

Lake Munmorah 1.49 © 1.48 0.54 “ 239 “
Total 12.26 “ 10.40 “ 8.24 “ 19.11

The areas of seagrass recorded were lower than those found by Higginson in the 1960s (Higginson 1965,
1968). Herecorded in 1963, 1965 and 1966 seagrasses covering 42%, 31% and 28% of the lake area
respectively.

Not only has the area occupied by seagrass decreased but also the relative importance of the different
species has changed. Higginson's survey in May 1963 (Higginson 1965) showed Lake Budgewoi almost
filled with seagrass (76.2% of lake covered compared with 36% in the present study). The whole| central
region was occupied uppia (42% of lake area)Ruppia was also dominant in deeper water in the
southern part of Tuggerah Lake so that approximately one-third of the bedBuppi@dominated
communities. By 1966 there was Rappia in the lake system (Higginson 1968).

The results of the 1985 survey by King and Holland showedRtiggtia had again become established
Tuggerah Lake but it was not found in deeper water; rather in shallow areas inshorgostetiaebeds.
The places wherBuppia was dominant were west of Chittaway Point and just south of Toukley in
Tuggerah Lake, and on Budgewoi Flats. The central portion of each of the three lakes was devojd of
seagrasses.

n

3.5 Weed growth — long term changes

Early historical reportsindicate that aquatic vegetation has been present in the Tuggerah Lakes system
for over a century and almost certainly for alot longer.

For the first fifty years or so of this century, the vegetation seems to have fluctuated both in areaand in
species composition. This variability is both on aregular seasonal basis and also aless predictable yearly
basis. Ruppiain particular fluctuates greatly in its abundance, probably in response to salinity changes.

However, Batley et al (1990) and King and Hodgson (1995) concluded that some long term trends were
also evident. They concluded that seagrass abundance around the near shore perimeter of the lakes had
increased from the mid 1960s, and at the same time decreased in the centre of the lakes. They also
concluded that since the early 1980s there had been a marked increase in the amount of macroalgaein
shallow nearshore waters where it can constitute the bulk of plant matter in some localities.
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The period of greatest change in agquatic vegetation coincides with the development and increasing
human occupation of the catchment including long periods initially when housing developments were not
sewered. Throughout the world, residential and industrial development of catchments have been
identified as primary factorsin bringing about nutrient enrichment (or eutrophication) of lakes that drain
such catchments (Wood 1975; Cullen 1986; AWRC, 1983; Garman, 1983). Coincident with these
changes in the vegetation there has been increasing reports of "black ooze" in the lake shallows with
cons@uent further degradation of the lakes' recreatianal amenity and asthetic appedl.

More recently, in themid to late 19905 there appearsto have be@ a delinein thealgal growth.
Throughou the 1970s and ®s, the Wong Shire wagrogressvely seweredard this pioject was finally
completed in theearly 1990s This, along with other initiatives for reducing nutrient irputs (such as
natral filters alory stormwaterdrains ad protection of riparian ladin the uper catchment), shauld in
the long tem see a caitinuing reduction in eutroghication problems in e Tuggerah L&es.

1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
year

Figure8. Trendsin seagrassabundancein Tuggerah Lakes

1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
year

Figure9. Trendsin macroalgae abundancein Tugger ah L akes
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Researchers from the Electricity Commission and the University of Sydney collecting samples of
seagrass and sediment during survey work in 1963. (photo supplied by Ross Higginson)

Canton Beachin May 1998. A tractor pulling aweed harvester can be seen in the background.



Table 3. Factorswhich can impact on the growth of seagrasses and algaein Tuggerah Lakes

Factors

Effect

Light

Increased availability of light increases the rate of photosynthesis
and hence plant growth. Light is most intense in summer.

Temperature

Increased water temperatures in summer can lead to enhanced
growth of seagrass and algae. However the growth of many
species reachesmaximum at about 2& (King pers. omm.) and
will decline sharp} at emperatures above 35.

Turbidity

Increasd water turbidiy, such as duringflood, reduces the
available ightand generaly redu@s plan growth, particulaty for
submerged species. Floag specis will be favoured ly high
turbidity. Increased sediment loads entering the fedm erosion
in the upper catchment androm urban runof would have
increased turbidjtduring wet weather above pre-European dsz

Salirity

This can lave a mgjor impact on tle species esmposition. High
salinity will favour marine specgesuch asZostera. Low salinity,
swch asafter heavy rainfall, will favour species sth as Ruppia
which grow bestin brackish water.

Turbulence

Seagraseswhich have a stong root system (suchas Zostera) will
suvive area®f high turbuknce better tan tho® with aweak root
sysem which are easily dislodged (guasRuppia). Turbulence
can be associadevith tidal flow near the entrance atnel, o with
the currats and waves generatedby strong winds

Availability of nutriertsin water

Increased nutrigrsuppy in the water columnénds to &vour dgal
species over seapes. Algae @n takeup nutrients fom the
waterwhere as sgrasgs obtain nutents from the sedment.
Availability of nutriertsin Tuggesh Lakes hasincreased
sigrificantly from preEuropean legls. These nutrients originate
from a varigy of sources,including the eosion of streambanksin
the upper catchemt, urban stomwater and evage.

Biological interactions

Swans, fishand other aquatic amials graze on both algaand
seagrassesThis can ause sasona fluctuations in abundance.
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3.6 Eutrophication in coastal areasof Australia

Eutrophication results from the supply of excessive plant nutrients to an aquatic ecosystem leading to
enhanced plant growth. Coastal eutrophication is recognised as aworldwide problem in areas affected by
agricultural and urban runoff (McComb 1995, GESAMP 1990, Nixon 1990). Table 4 lists some coasta
areasin Australia which have shown signs of eutrophication.

Table4 Coastal areasin Australia showing eutrophication

State Waterbody Seagrass Growth of Phytoplankton | Toxic algae
loss macroalgae blooms

NSW Avoca Lagoon U
Botany Bay O
Clarence Estuary O
Harbord Lagoon O
Lake lllawarra

Lake Macquarie
Tuggerah Lakes
Tweed Estuary

OoooQd

QLD Great Barrier Reef Lagoon U
Moreton Bay U

VIC Gippsland Lakes O
Port Phillip Bay O O
Western Port

SA Gulf St. Vincent
Port Lincoln

WA Albany Harbour
Cockburn Sound
Peel-Harvey Estuary O
Swan River Estuary

OoOgogo

TAS Derwent Estuary
Huon Estuary

OoOogoo

(source; Brodie 1995)

The principa nutrients involved in eutrophication are nitrogen (N) and phosphorus (P) but others such as
organic carbon, silicon, iron, molybdomen and manganese may play a supplementary role.

Eutrophication isinitiated by an increased nutrient supply leading to increasesin the growth of seagrasses
that are aready present in the system. However if the supply of nutrients exceeds the capacity of these
plants to use them, algal epiphytes, which can utilise nutrients directly from the water column, begin to
flourish. The algal growths smother the seagrasses and prevent light from reaching their leaves. The
consequent decrease in seagrass growth provides further opportunity for the growth of algae. Eventually
large colonies of macroagae are formed which break up into drifting mats that accumulate in sheltered
areas where they become self-sustaining. The rapid growth of green macroalgae is the most common
response to nutrient enrichment in shallow marine systems (Harlin 1995, Kinney and Roman 1998). If
eutrophication is severe, blooms of planktonic algae might also occur in the open water, and are often
dominated by blue-green species.

For the process of eutrophication to be sustained, the rate of nutrient input has to exceed the rate at which
nutrients can be removed by sedimentation within the system or the loss of nutrients through outflows.

Eutrophication commonly occurs where there has been marked increase in human population or in the
use of fertilisersin the catchment of the water body. There are many examples throughout the world,
three notable ones being the Pedl-Harvey Inlet in Western Australia (McComb and L ukatelich 1986;
1995; Gordon and McComb 1989), Lake Lagunain the Philippines (Anonymous 1978) and the Norfolk
Broads in the United Kingdom (Phillips et al 1978; Moss 1987).
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The Tuggerah Lakes have a number of characteristics that make them particularly susceptible to
eutrophication (Batley et al 1990). Thereisonly avery small amount of tidal flushing of the lake system
due to the small entrance channel, and at times this channel becomes completely blocked. The catchment
of the lakesis quite small and thereisaréatively low flow of fresh water entering the lakes from creeks
and rivers, except during very large rainfall events. (This has probably been accentuated by the
extraction of freshwater from Ourimbah creek and Wyong River for drinking water supply.)

Thelack of flushing allows alocal buildup of nutrients and resultant plant growth in the large areas of
warm, shallow water around the edges of the lakes.

L oss of seagrass bedsin coastal Australia

One of the most common features of the effects of eutrophication in coastal waters around Australia has
been the loss of seagrass beds. Shepherd et al (1989) reviewed 12 well described cases of major seagrass
loss following enhanced nutrient or sediment supply. In Cockburn Sound (WA) there has been an
increasing urban and industrial development of the adjacent coast since 1954, and increased inputs of
industrial wastes and sewage during the 1960s led to a 97% loss of seagrass beds by 1978 (Cambridge
and McComb 1984). The loss was attributed to excessive growth of epiphytic algae leading to
substantia reductionsin ambient light reaching the leaf surfaces.

In coastal NSW, substantial changes in seagrass beds have been documented in Lake Illawarra, Botany
bay, Tuggerah Lakes, lake Macquarie and the estuaries of the Georges, Clarence and Tweed Rivers
(Brodie 1995). Although anthropogenic factors have been implicated in nearly all of these cases, the
high natural variability in seagrass area and growth, both on a seasonal and ayearly basis, often makes it
difficult to confirm (King and Hodgson 1986).

——Sseagrass

----- macroalgae and/or
phytoplankton JEISSEEEE

relative biomass

increasing nutrients

Figure 10. Generalised shift in biomass of major plant groupswith increasing nutrient input to
shallow marine systems.

Eutrophication can also lead to areduction in species diversity of secondary producers (aguatic animals
that feed on seagrasses and algae). As eutrophication proceeds, increased sedimentation of organic
material may occur which promotes benthic feeders and increases decomposition processes (benthic
respiration). Thisin turn leads to greatly reduced oxygen levelsin the sediments (hypoxic conditions).
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The reduced oxygen levels cause stress in many benthic organisms and, as oxygen levels decline further
to apoint where virtually no oxygen is left, many species of benthic organism die, leaving only bacteria
mats and afew other hardy species. Thus, for secondary producers an overall reduction in species
diversity isatypical response to eutrophication.
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4 Changesalongtheshoreline

Thereis strong anecdotal evidence that 40-50 years ago, many sections of the shoreline consisted of clean
sandy beaches (Scott 1998). Thiswas particularly so for the eastern shores of Tuggerah and Budgewoi
Lakes, and most of Munmorah Lake. Most of the beaches had some washed up weed (also called wrack),
athough this varied greatly depending on the exact location and the season. Some areas naturally
accumulated wrack (probably due to prevailing winds) where others were mostly free of wrack.

Although the presence of loose weed along the lake edge is a natural part of the lake ecology, particularly
in autumn when the ribbonweed is dying back and losing its |eaves, most of the people interviewed
believe that they have observed an increase in the quantity drifting ashore. Thisincrease appearsto have
started in the 1960s and continued through the 1970s, 80s and early 90s. The increase in wrack coincides
with an increase in thegrowth d ‘weed’, and particularly macroatae in the $allow littoral zone d the
lakes. A the same time there vere an increasing number of canplaints abaut bad amells, presumably
caugd by the large masse®f rotting weed along the l&ke edje.

Residents alsolsewned a slow chage alorgy mary parts & the shoreling, from clean sadto increasing
amounts ofblack mud and oganic o@e. Mog pelefelt that the increaed guantities of mud and oae
appered when the anountof rotting ‘weed’ increased This view is supported by a nunber ofscientists
(Batley et al 1990; Higginson 1970, Chanl1979).

In the laé 1970s, Cheg (1979) undertok sane experninentsthat clearly showel the relationship
between rotting weed (in particular damp rotting macroataé and the blck ooze that was forming along
thebeadhes These charges wee accanpanied ly theproduction of afoul odour, of which tydrogen
sulphide was roticeably amajor component.

Batleyet al (1990) also reportad an increase in organic matter in the sediments rar the lake store, and

obseved that the layer d organic o@e cauld vary from arkle deep to knee dep. They attributed this to
the increased mountof weed (seg@rass ananacrmalgad being washed oto the shore, ad also in sme
areas to s#ment fran stomwaterdrains and cre&s. A numberof residants al® support theview that

there las beensignificant amountsof siltation near ssormwater drams (Scott 198).

Although there usd to be sndy beatesaround many partsof the Tuggerah L&es, soe othe areas
have always hal a certan amount of weed athmud alorg the shoreline Thisincludesthe saith-western
part d Tuggerah L&e and the Chamhaven area in Bugewoi Lake. Sane locd residents however,
reported an increag in the depthof mud and oganic ooze &en in these areasnd they associated this
with the increased mounts ofmacioalgae ad wased p ribbonweel during the 198G and eary 90s.

There wasnixed guinion atput whethe the anountof wradk and associateatganicooze ha remained

constant ger the last 25 years or decreased (Scott 8R9Quite a few felt itmight have declingl from a
pe in the late 198s ard early 1990s.
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Figure1ll. Relationship between macroalgae, ooze, sandy bottom, and smells
around the shores

Foreshores - the sand has gone

Therr's abig charge in the forestores, the sam isall gone, here are very few plaes around the lake
that have sard on them nowit’s nearly all weed aml silt, where yars ago yau could goashore anywere
and it wasa good tard sandybottom, tday it's silted. (Mick Asqguith)

Dead weed wdad dry out

One differ@ce in those dayswith the weed as that when the lak flooded the deadweed walld be
washed p 100 feet back fromhe nornal edgeof the lake so it walldn’t be sittihg on the water’'s edge
rotting but would be furthe up the bank drying out (Gordon Bennett)

Effects d hauling and urban developme

Thereare alot of placesthere now Were the haulers usal to come ashorgbut don’t nowbecause in
between somof the jetties it hasbecone too shallow and otherareas are now closedthauling And all
the weedHat is washedup is making theaze. .. And there is morpollution too, inthose dayshere
wasn’t he whole of Berkeleyale enptying their rubbishinto the lake. Yau would be surprised how
much rulbish is out there, and the septt tanks ddn’t help eiher. The increasin nitrogen etc fromhe
septt tanks wald have bosted he weel growth alorg the shores. Asnow tere isall this coze. The
pollutionall endsup in the lake and can’t leave becau® there is very little flushing of the lake. The only
sea watethat comestito the lake isthrough that narrow ctannel, amd that has b sugply three bkes.
(Peter Clifford)

Rotting weed brigs the mud

I can remember whefrom Killar ney right around the east edgefthe lake to Touklg it wasall sand.
And whe the weed caméhen te mud came. It the weedHat brings the mud It istherotting weed in
the sedinent. And it seems to fertilise itsel{Pat Clifford)
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Summer holiday at Canton Beach in about 1954 (photo from Judy Allison)

Canton Beach in May 1998. The beach was extended about 30 metres further into the lake during the
Lakes Restoration Project in the early 1990s.



Production of foul odour and or ganic ooze from decomposing weeds.

Experiments were undertaken by Cheng (1979) to determine if the decomposition of aquatic weeds
(macroalgae and seagrasses) washed ashore led to the production of organic ooze and foul odour at
Tuggerah Lakes.

It was found that if a mass of seagrass or algae was allowed to decompose over alayer of clean wet sand,
in amatter of days alayer of black organic ooze would begin to seep from the weed/sand interface while
black streaks of anaerobic sand would appear in the sand layer. These changes were accompanied by the
production of afoul odour, of which hydrogen sul phide was noticeably a major component.

Similar changes occurred regardless of the weed species tested, which included the seagrasses Zostera
capricorni and Ruppia megacar pa and the algae Chaetomor pha linum and Enteromor pha intestinalis
athough the algae appeared to decompose more completely and at a higher rate than the seagrasses.

It was noted that moisture was important for the decomposition process as algae or seagrasses left dry on
atray did not decompose readily and no foul odour was produced by the dried plant matter.

The experiment clearly showed that foul odour can indeed be produced by decaying weeds and the
process contributes to the transformation of a clean sandy beach to a black foul smelling anaerobic
sediment.

The experimental findings were supported by field observations at Canton Beach. It was observed on
numerous occasions that foul odour of the kind similar to that produced under experimental conditions
and the kind experienced by the loca residents largely originated from the weed-covered littoral shallows
and especialy the edge of the lake shore where masses of decomposing algae and seagrasses
accumulated. On the other hand, clumps of algae and seagrass pieces dumped or washed onto higher
ground dried into light clumps without any foul odour.
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5 Agquaticfauna

Tuggerah Lakes have been a popular commercial and recreational fishing areafor more than a century.
Not only hasit been one of the most important producers of estuarine fish in NSW, but has also attracted
many tourists to the area each year.

However, recreationa fishermen have reported a decline in angling success in the last 20-30 years (Scott
1998). Commercia fishermen on the other hand, had mixed feelings, some agreeing that there had
probably been a decline but that it was a coast-wide effect rather than just Tuggerah Lakes, while others
believed that the fluctuations were just part of along term natural cycle. In this section the anecdotal
evidence of recreational and commercial fishermen are presented, along with the official catch statistics
collected by NSW Fisheriesfor over 100 years.

5.1 Finfish — anecdotal evidence

Some of the earliest historical records of the Tuggerah Lakes include descriptions of an abundance of fish
(see Scott 1999). In 1842 for instance, John Mann observed alarge canoe-full of fish at a corroboree on
the edge of the lake.

The abundance of fish in Tuggerah Lakes attracted a group of Chinese to Canton Beach in the 1860s,
and they smoked and dried fish for export. In the 1880s, professional fishermen from the South Coast set
up camp at Saltwater Creek in the south of Tuggerah Lake and also at Canton Beach. After the opening
of the railway most of the fishermen moved to Tacoma.

Early this century, the abundance of fish was one of the main attractions for holiday makers from Sydney
and Newcastle, and there are a number of newspaper articles and tourist brochures that refer to this
(Allison and Scott 1998, Scott 1999). Since there were few shops to buy fresh food, most people were
catching fish on adaily basis and this was reported to be quite easy. Y ou wereregarded as a ‘dud’ if you
couldn’t catch fish (Scott 1998).

Early this century professional fishermen were also obtaining good catches and sometimes they were
restricted from catching more fish by the limit on how many they could process (often caused by a lack
of ice or boxes for transport).

However, there were occasions when the fish were scarce and professional fishermen would travel up the
coast to other estuaries, particularly in winter time when the fish would leave the shallower and colder
Tuggerah Lakes.

There was also a period in the early 1950s when many fishermen left the industry for a short while, but
this was a result of the minimum legal sizes for both fish and prawns being increased, and not necessarily
any decrease in abundance of fish.

All reports of fishing, both from professional fishermen and from recreational fishermen, describe good
catches of fish during the mid 1950s and the 1960s. Arthur Clouten, a professional fisherman, reported
increased weed growth and shell life throughout the 1950s after a period in the 1940s when there had
been very little (Scott 1998). This provided good habitat for the fish and catches were large.

More recently, nearly all recreational fishermen reported a big decline in fish abundance over the last 20-
30 years (Scott 1998). The professional fishermen, however, explained that the numbers of fish can vary
greatly from year to year and the recent decline in numbers might be part of a natural cycle. They also
explained that it depends on the species of fish, since one species might decline in abundance while
another increases. For instance in the last few years they have been catching large quantities of blue
swimmer crabs but very few bream. In a few years time the crabs might be scarce but some other fish
species might have become more common.
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However, some of the professional fishermen did agree that there might have been a gradual long term
decline in abundance of fishin the Tuggerah Lakes, but felt that this might simply reflect a general
decline on a coast-wide basis rather than anything specific about the lakes themselves. A few also felt
that some sort of decline was to be expected when a natural resource is harvested, and this was due to
recreational fishing just as much as professional fishing.

One factor which has a very big impact on the quantity of fish in the lakesis the depth and size of the
channdl at The Entrance. For instance, in the early 1990s, after the channel was dredged, fishermen were
catching large quantities of whiting. A large channel allows greater quantities of spawn and small fish to
enter the lake and thisis one of the arguments for providing a deeper, more permanent channel. Some
argue that the long term decline in abundance of fish is associated with the channel generally being
shallower in recent decades, and that thisis due to there being fewer major floods, which used to
periodically scour out the channel.

Abundance of fish at corroboreein 1842

The site of the camp was prettily situated on the bank of Wyong Creek, which hereabouts joined the |ake.

A bark canoe, paddled by a very old grey-bearded man, now silently approached, and drew up close to

our camp; the canoe was so deeply laden with fish of all sorts asto be a few inches only above the water.

The old man, by name “Jew Fish”, at once commenced to throw the fish onto the shore. There was no
rush or scramble for them; in fact no-one seemed to pay attention to(fBiservations of John Mann

who attended an aboriginal corroboree at the mouth of the Wyong River in 1842; reprinted by Stinson,

vol 1, 1979)

Fishing in the late 1920s and early 30s

Dad used to take his holidays at Xmas time, and he had a boat called ‘Buzz-Buzz'. ....we used to go out
and camp on the lake for a fortnight. We’d just fish and sleep and swim. Now fish in those days, you'd
have no trouble in catching them for a feed. .....We’'d wake at daybreak, get into the boat, go out about
200 yards, anchor, throw our lines over, and we’d start fishing. And in 5-10 minutes we’'d have fish
coming into the boat. | would be up in the cabin with a little stove, and as soon as they came out of the
water they’d go into the pan. ....Today it is nearly impossilfMick Baker)

Fishing at The Entrance in the 1950s

When my wife & | were fishing in the 50s we used to go to Pelican Island, generally to the south of
Pelican Island. Almost all the time we would come home with enough fish for 2 or 3 meals when we
fished in that area. It would be mostly flathead and bream and the occasional whiting, we used to use the
nippers for bait. We also caught blackfish.  The biggest flathead | ever caught was 5% pound. The
majority were pan size, anything smaller we’d throw back. Bream were never terribly big. The ones we
would keep were only just legal length, about 9-10 incH&oug Duffy)

Drastic change in fishing since the 1960s
Bream, flathead, blackfish, eels, prawns, mullet, garfish, these were plentiful in the 1940s, 50s and early
60s. This has changed drastically since the 60s, fish are so few theséRigydolmes)

Anyone could catch fish at one time, but not now
Whether the fishing has declined or the people aren't as good at fishing | don’t know. | know people
who can still catch fish. But anyone could catch fish at one time, any@uedon Bennett)

Decline in fishing
The fish aren’t as they used to be but there still is fish in the lake. Even the ocean has less fish now.
There’s so many people now and big fishing boats trawling the gidasty Denniss)
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The good times are scarcer

The fish come in cycles and there are highs and lows. But the highs might be getting scarcer and the
lows might be getting a bit longer. (Peter Clifford)

Table6. Factorsimpacting on fish and prawn populationsin Tuggerah Lakes

Impact

Effect

Commercial fishing

- Between 100,000 and 650,000 kg of finfish have been harvested from the
lakes each year.

- Between 10,000 and 350,000 kg prawns have been caught each year.
Recently the catch has been in the range 10,000 to 70,000 kg.

Recreational fishing

- Henry and Virgona (1980) estimated that 66,000 kg of finfish were caught
each year.

- Montgomery and Reid (1995) estimated that 12,000 kg of prawns were
caught each year during the early 1990s. (In earlier decades this might have
been much higher).

Power Station

- Larvae of fish and prawns were susceptible to mechanical or thermal injury
when passing through the cooling system. Many fishermen blamed the
decline of the greasyback prawn on the power station.

- Reversal of flow in Budgewoi channel trapped the prawnsin Lake
Munmorah and prevented the king and school prawns from leaving the lake
to spawn at sea. Instead, the high circulation rate would draw the prawns
into the inlet channel where they were caught by the professional fishermen.

- High mortality of some species of plankton when passing through the
cooling system; this might have impacted on planktivorous fish.

- Improved recreational fishing at the outlet as aresult of dead or injured fish
larvae, prawn larvae, and plankton which have passed through the cooling
system, providing areadily available food supply.

(see section 9 for further details on the impacts of the power station.)

Increased nutrient loads
entering lakes

- Eutrophication can lead to aloss of seagrass beds, which are an important
habitat for both young and adult fish.

Maintaining a permanently
open entrance to the lakes
by dredging.

- This prevents the channel from closing up and hence provides permanent
access for marine fish. On the other hand it also reduces the size of floods
by continuously releasing the rainwater and this prevents the deep scouring
of the channel by large floods which used to occur earlier this century. After
large floods the deeper and wider channel greatly improved access for fish
and prawns, thus increasing their abundance in the lakes.

Dredging the shallow
nearshore zone

- This occurred around some parts of the lakes during the Lake Restoration
Project in the late 1980s and early 1990s. The shallow sand and mudflats are
important nurseries for young fish.

Figure12. River garfish

38




Fishing the Tuggerah Lakes, near Toukley, in 1914 (photo; Wyong Historica Society)



5.2 Finfish — assessing the catch statistics

Catch statistics summarising the commercial fisheries of New South Wales are available in annual
reports published by NSW Fisheries from 1883 onwards. Records prior to this date were destroyed in a
firein 1882 (Henry and Virgona 1980). For the Tuggerah Lakes, the early reports (prior to 1940-41)
provide information on the total quantity of fish and prawns caught as well as additional information on
the types of nets used, the number of licensed fishermen and boats, and on occasions they describe the
conditions of the lakes, in particular whether the entrance channel was open or not. From 1940-41 the
format of the reports changed and they started to provide catch statistics for each species.

5.2.1 Limitationsto the catch data.

The annual fish catch data contained in the annual Fisheries reports have a number of limitations which
restrict the amount of analysis and interpretation that can be undertaken. The main limitations are
described below;

1) Most dataprior to 1941 was collected from the agents at fish marketsin Sydney and Newcastle,
athough the fishing inspector also obtained monthly returns from the local railway stations
(Tuggerah, Wyong, Wyee). On occasions, the fishing inspector aso included an allowance for fish
sold locally. Sometimes there are small discrepancies between the data from the markets and the
data collected by the inspector. From 1941 onwards, the data was collected from the monthly returns
submitted by each licensed fisherman. Unfortunately this data tended to be unreliable as many
fishermen would deliberately understate their catch and others would not submit areturn at al. (see
addendum to the 1955-56 Fisheries annual report). In some years there has also been a significant
trade of fish on the black market (ie not through the Co-ops and Fish Markets) and this fish would
not be reported by the fishermen.

2) During the period 1940-41 to 1954-55 the inshore ocean catch was not reported separately from the
estuarine catch. For the Tuggerah Lakes thisis not amajor problem since there was only a small
amount of ocean fishing occurring from this district. However, there are some oceanic species, such
astailor and snapper that might include a significant proportion of outside catch in their data for
these years, and care should be taken when interpreting this data.

3) lItisdifficult to determine from the dataif fluctuations in fish production are due to changesin fish
stocks or fishing effort. A sudden drop in the catch of mullet, for instance, might be caused by either
adecrease in abundance or adrop in market price (and hence less fishermen targeting the species).
Other species, such as silver biddy, might not have been targeted in previous years, and the increase
in the quantity caught simply reflects the change in market demand.

4) Fishing practices and gear have changed. For instance, the boats are now faster, the nets are lighter
and require less maintenance. In early days, crews of 4 - 6 fishermen were needed to haul the netsin
by hand and they would also need a couple of days per week for net maintenance. Today many
fishermen work by themselves, have motorised winches, and can work 7 days aweek if they wish.

5) Changing regulations can greatly influence the type and quantity of fish that can be caught. The
restrictions on minimum fish sizes, mesh sizes, net lengths and the types of nets, have al changed
from timeto time. For instance, the minimum legal prawn size was increased from 3 inchesto 4
inches at the end of 1951 and this greatly reduced the catch for that season. The areas within the
Tuggerah Lakesthat are closed to commercia fishing have also changed periodically and thistoo can
affect the fish catch.

6) Thereisasignificant fraction of the total fish and prawn catch taken by recreational fishermen and

little datais available regarding this. Thereisaso no information about how it might have changed
over the years.
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Aslong asthese limitations are kept in mind, the annual catch data can still provide some valuable
information. A summary of some trends for the Tuggerah L akes are provided below.

Figure13. Sea mullet

5.2.2 Total finfish catch

Over the last twenty years annual production has fluctuated between 150,000 to 500,000 kg, which
ranked the Tuggerah Lakes in the top ten estuaries along the NSW coast. In 1996/97 the finfish
production was at the lower end of this range, with 218,000 kg.

Figure 14 presents the official production figures for the period 1886 to 1996/97, which were obtained
from the Fisheries Annual Reports. This graph shows an initial increase up to 1915 when the record
annual production for the lakes of 635,000 kg was achieved. Thisincrease in production in the early
1900s probably reflects an increase in the number of fishermen and boats working on the lakes (Figure
15) asthe industry expanded, the gradual improvement in fishing techniques (such as the introduction of
motorised boats) and improvements in the transport of fish to market viathe railway.

In the 1920s and 1930s the annual catch fluctuated between 200,000 and 630,000 kg and then suffered a
sharp decline in the 1940s (unfortunately the data for the years 1942-43 and 1943-44 are not available).
A decline in abundance of some fish species during the period 1945-47 was also observed in Lake
Macquarie and recovery of stocks was reported as dow (Thomson 1959). Thetotal catch in Tuggerah

L akes dropped to its lowest point in 1951-52, which coincided with increases to the minimum legal size
for anumber of species, including mullet. The fish catch then rose steadily until the mid 1960s but did
not reach the levels attained earlier in the century.

Through the 1970s and 80s the catch fluctuated considerably, and then reached a peak in the late 1980s

followed by another declinein the 1990s. A similar trend has been observed for estuarine production on
a coastwide basis from 1954-55 to 1991-92 (See Figure 32 of Pease and Grinberg, 1995).
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Figure 14. Tuggerah L akesfinfish catch 1886 to 1996-97
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Figure 15. Number of licensed fishermen and boats on the Tugger ah L akes between 1883 and
1946-47. (In 1998 the number of licensed fishermen using the Tuggerah Lakes on aregular basis was 44
(Tuggerah Fshermen’s Co-op, pers. omm.))

5.2.3 Trendsfor themajor finfish species caught

The types of fish caught commercially in the Tuggerah Lakes changes from year to year depending on
conditions within the lake, in particular the amount of weed (seagrass and algae) and the size of the
entrance channel. However, on along term basis, there has been little change. The same species made
up the bulk of the catch one hundred years ago as they do today, as shown in Table 6. The major species
continue to be mullet, blackfish and bream. In some years mullet can account for up to 70% of the catch.
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One species that does appear to have declined in importance is the garfish. In the 1890s and 1900s this
fish was generally ranked between 3" and 4" in quantity caught. In 1890 it was estimated to make up
15% of thetotal catch. Inthe 1990s however, garfish was only 0.3 to 1.6% of the catch, which ranked it

between 5™ and 9" most plentiful species caught.

Table6 Common fish species caught commercially in Tuggerah Lakes

Ranking | 1890 1901 1903 1905 1908

1 Mullet (30%) Mullet Bream Mullet Mullet

2 Blackfish (20%) | Bream Mullet Blackfish Blackfish

3 Bream (15%) Blackfish Blackfish Bream Bream

4 Garfish (15%) River Garfish | Garfish Garfish Garfish

5 Jewfish (10%) Flathead Whiting Whiting Whiting

6 Whiting (5%) Whiting Flathead Flathead Flathead

7 Flathead (5%) Snapper Snapper

8 Jewfish Sole

9

Ranking | 1940-41 1947-48 1957-58 1965-66 1979-80

1 Mullet (67%) Mullet (44%) Mullet (34%) Blackfish (40%) Mullet (73%)

2 Bream (18%) Bream (14%) Blackfish (28%) | Mullet (33%) Bream (8%)

3 Blackfish (4%) | Whiting (11%) | Bream (12%) Bream (9%) Flathead (5%)

4 Leatherjacket | Snapper (6%) Garfish (9%) L eatherjacket Whiting (3%)

(2%) (6%)
5 Flathead (2%) | Leatherjacket Flathead (8%) Flathead (5%) Blackfish (3%)
(6%)

6 Whiting (2%) | Flathead (4%) Leatherjacket Garfish (4%) Silver Biddy
(4%) (3%)

7 Garfish (1%) Tailor (4%) Whiting (1%) Whiting (1%) Garfish (2%)

8 Tailor (1%) Blackfish (3%) Tailor (1%) Tailor (1%)

9 Snapper (1%) | Garfish (3%)

Ranking | 1992-93 1996-97

1 Mullet (44%) Mullet (46%)

2 Bream (22%) Bream (15%)

3 Blackfish (13%) Flathead (14%)

4 Flathead (9%) Whiting (8%)

5 Whiting (3%) Blackfish (7%)

6 Silver Biddy (3%) | Silver Biddy (4%)

7 Tailor (1%) Garfish (2%)

8 Tailor (1%)

9

(Note: % of total catch is shown in brackets when this data is available)

Figures 16 to 24 show the catch data for some of the more important fish species from Tuggerah Lakes.
Bream (Figure 16) and flathead (Figure 17) show considerable variation throughout the period, with
peak catches reported in the 1990s. The garfish catch (Figure 18) shows a peak in the late 1960s and 70s
followed by a decline, particularly in the 1990s. The blackfish catch (Figure 19) was very low in the
1940s and 50s and increased dramatically in the 1960s and 70s, presumably when there was an increase
in abundance of plant growth in the lakes (the principal food of blackfish is seagrasses and algae).
Another increase in catch occurred in the late 1980s and early 90s when there was alarge amount of
algae present. Mullet (Figure 20) shows a significant increase in catch from the late 1970s onwards.
Sand whiting (Figure 23) shows a sudden increase in catch in the late 1970s and early 80s and another
peak in the 1990s. The abundance of this species tends to increase when the entrance channel becomes
larger. The trumpeter whiting catch (Figure 24) is generaly very low, but sudden peaks occur from time
to time, such as the late 1950s and once again in the 1990s.
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Figure19. Catch datafor blackfish, 1940/41 to 1996/97
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Figure20. Catch datafor mullet, 1940/41 to 1996/97
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Figure2l. Catch datafor tailor, 1954/55 to 1996/97
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Figure22. Catch datafor snapper, 1954/55 to 1996/97
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Figure23. Catch datafor sand whiting, 1952/53 to 1996/97
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Figure24. Catch datafor trumpeter whiting, 1952/53 to 1996/97
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5.3 Prawns — anecdotal evidence

In the late 19™ century the Chinese fishermen were catching and drying prawns for export. When the
Chinese |eft the lakes, very little prawning occurred until about 1904 when professional fishermen started
to send fresh prawns to the markets in Sydney. By the 1930s and 40s prawning had become an important
summer activity for many of the fishermen. Prawning had also become a popular past-time for holiday
makers around the lakes and there are a number of references to prawning at locations such as Canton
Beach and Long Jetty (Scott 1998, Scott 1999).

For the holiday makers at The Entrance, Long Jetty, Canton Beach and the camping reserve at Budgewoi,
prawning was a magjor attraction of the area. In the summer holidays everyone would go prawning at
night time (when conditions were right), and catch a kerosene tin-full of prawns (a kerosenetin was 4
gallons or about 18 litres). The prawns would be caught with a 20 foot drag net or with scoop nets, and
would be cooked in a big pot on the beach, then eaten. Everyone described a plentiful supply of prawns
in the 1920s, 30s and 40s.

At daytime, some people described catching prawns for bait simply by going down to the sandbars at The
Entrance with a metal rake and raking through the sand. Thiswould expose enough prawnsto use for
bait during the day.

It was reported that the professional prawners also caught large quantities of prawns during the 1920s,
30s and 40s, athough there were also occasions when they were not so abundant. The numbers of school
prawns and king prawns dropped if the channel at The Entrance was closed for ayear or two and spawn
could not drift into the lakes. However during these times, the greasyback prawns would increase in
abundance since they breed within the lakes and do not require access to the ocean.

For the holiday maker, prawning continued to be a great attraction of the lakes with good catches
throughout the 1950s and 60s.

For the professiona fishermen, the prawns were available in good quantities throughout most of the

1950s and 60s, but they had to contend with many changes in the regul ations governing net sizes, prawn

sizes and prawning techniques. At one stage in the early 1950s, the minimum legal prawn size was

increased from 3 inches to 4 inches and the mesh size from 1 inch to 1% inches. At the same time the
legal sizes on many fish species were also increased and some fishermen left the industry for a short
period to work on the construction of Wangi Power Station on Lake Macquarie.

In the last 20-30 years there have been many fluctuations in prawn catches, with both good and bad
seasons. However, despite the yearly fluctuations in numbers, most recreational and professional
fishermen described an overall decline in prawn catches over the last few decades.

There were a number of reasons suggested. One reason suggested for the decline in greasyback prawns
(which breeds within the lakes) was that the spawn was sucked into the Munmorah Power Station and
killed by the heat. In the last few years the Power Station has reduced its operation and is now on
standby only, and some fishermen expect to see the greasyback prawns increase in numbers again. The
reason suggested for declines in king and school prawns (which breed at sea) was that the entrance
channel was no longer scoured out by large floods and hence was not deep enough to allow the spawn to
enter the lake. Many feel that a deeper, more permanent entrance would solve this problem.

Some people also felt that the introduction of daylight prawning in the 1960s had slowly reduced the
abundance of prawns in the lake and a few believed that the decision to remove a size limit (in 1959)
meant that very small prawns were now being caught, not allowing them any opportunity to spawn.

On a positive note, the inlet channel of the Power Station provided a good site for catching very large

adult king and school prawns. The king and school prawns in Munmorah Lake could not get out through
the Budgewoi channel due to the strong current of recirculating water from the Power Station, and hence

46



could not leave the lakes to spawn at sea. They remained in Lake Munmorah, continuing to grow and
were eventually drawn into the inlet channel, where fishermen were allowed to place nets.

Figure 25. Greasyback prawn

Prawning in the 1930s

Lots of timesin those days the fishermen all went prawning in the summertime because prawns were the
much more profitable thing. | mean at Canton the whole beach would be taken up with prawners. In
those dayshey tauled he prawn net, heydidn’t do it the way they do nowand evey 150-2® yards
there would be prawn crew and they walld shit the né out, they hendrew them h and they would
codk them aml put themon racks to cool off during the night, then they woudl be put @ the tranin the
morning and take to market in Syadeyby midday. That wasinthe1930s (Clarrie Wynn)

Prawning at Ped St, Toukley in the 1940s,50s ard 60s

We used to get walerful prawrs just aut here(Pedl Street), the atches were goqdhat wasthe 40s50s
and 60s.There would klots of pegle prawning down here, arl it would be agreat atnosphere, a
smal fire on the beach and bts of lights out in the water. You'd get a god catch hut of course not every
night because of the cycleswith the moon ad othe things. (Bill Hansen)

Power Station killd the greaspack prawns

We used to gai lot of greasyback prawns imé lakes. Taschal and king prawns breedt sea an the
spawn comes bach,ibut he greashacks breed inhe lakes. Befarthe powe station(pre 1967) we
usal to get cyclesf them. Youwot plenty of prawns. Then they put the powe station in. The spawn ges
through ard is cooked here and wegot no greasyacks. Thegowe station is off nowand the
greasybacks are eang back. Thisyear(1998) we had the mosin yearsand years (Arthur Clouten)

King and schal prawns scarce lit greasybacksdve picked up

Schml prawns have been scarce the lastthree years King prawns hawe also beenn decline. | do ot
know te reasan for this; sone think it is because ohe lack of flood rains. Greaslack prawrs have
picked v in the last few yars becauseof the closing dow of the Paver Sation. Greasyback pramns
breal in the Top Lake. When the pwer sttion was workimg the prawns got sucke through the cooling
system and were killeqGordon Denniss, 1998)

5.4 Prawns — assessing the catch statistics

Thetotal prawn catch is shown in Figure 26. Prawns were caught and dried by Chinese fishermen in the
mid to late 19" century, but there are no records of the quantities. Thefirst recordsin the Fisheries
Annual reports are in the early 1900s when fishermen started to send fresh prawnsto the Sydney and
Newcastle markets. Prawning increased in popularity through the 1920s and 30s and the official catch
reached a peak in the 1940s. There was a sharp decline in the prawn catch in the early 1950s which
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coincides with a general decline along the NSW coast and the introduction of stricter regulations. Apart
from a couple of exceptiona years, from the 1950s onwards the officia prawn catch has not been able to
reach the peaks of the 1940s.
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Figure 26. Annual prawn catch for Tuggerah Lakes — from NSW Fisheries data

5.5 Assessing therecreational catch of finfish and prawns

Henry and Virgona (1980) reported that in the late 1970s the amateur fishermen were concentrated in
five small areas. These were the Munmorah Power Station inlet and outlet, Budgewoi Creek, Toukley
Bridge, and The Entrance. Relatively little angling occurred in the main body of the three lakes.

During winter many fish would congregate in the warm water of the Power Station outlet and this
location would attract up to 80% of amateurs. With the reduction in operation at the Power Station
during the 1990s, the inlet and outlet have declined in popularity, and The Entrance is once again the
most popular location for recreational fishing.

The most popular location for recreational prawnersis aso at The Entrance, with smaller numbers at
other locations such as Canton Beach, Long Jetty and Budgewoi.

Estimates of the recreational fishing catch suffer from all the problems associated with commercial fish
catch gatistics. In addition, thereis no formal reporting of catches, and so data must be obtained by
surveying the recreational anglers. Henry and Virgona (1980) undertook such asurvey in 1978/79 and
estimated that the number of anglers varied from 170 to 1,000 per day, the peak being in January during
the summer holidays. Although the total amount of time spent by recreational anglers was estimated to
be 10 times greater than the commercial fishermen, the amateur catch was estimated to be only 66,000 kg
compared with a commercial catch of almost 300,000 kg. The main species caught by recreational
anglers during Henry and Virgona's survey are shown in Table 7.
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Table7 Tuggerah LakesAmateur Fish Catch—main species caulgt (by weight)

Power Sation Power Station Budgewoi Creek | Toukley Bridge | The Entrance
Inlet outlet
Bream (86%) Blackfish (49%) Blackfish (51%) Tailor (76%) Whiting (28%)
Blackfish (10%) | Bream (33%) Bream (40%) Bream (12%) Flathead (27%)
Mullet (8%) Mullet (14%)
Flathead (7%) Blackfish (13%)
Bream (9%)
Tailor (7%)
Total =5,400kg | Total =21,500kg | Total =15300kg | Tota =3,000kg | Total = 17,900 kg

Data from Henry and Virgona (1980)

A survey of the recreational prawn catch over the seasons 1991/92, 1992/93 and 1993/94 estimated it to
be 12,000 kg per year (Montgomery and Reid 1995, cited by NSW Fisheries 1997). This was equivalent
to only 17% of the commercial prawn catch. The recreational catch was made up of equal proportions of
eastern king prawns and school prawns.

5.6 Other marine species

56.1 Jelyfish

Many local residents and fishemen conmented @ thevery large numbersof jell yfish (or ‘blubber’) that
usal to bein al three lakes (Sott 1998). The threetypesmost conmonly mentioneal were the ‘saucer
blubber’ (possibly Aurelia coerulea) , ‘ saus@e blubber’ (possibly the camb jelly Neis coardigera) and
the ‘man-of-war’ (aterm oftenused ly locals whe referring to Catostylus mosaicus)

Sametimes the pragssioral fishermen wouldhave probleéns haulirg in their nets due to huge guantities
of jellyfish cawght in them, and his appearsto have always be@ problem, with reports & far back as kte
last century. Thejellyfish appear to have beenplentiful until abaut theearly 1970s, bt in the last 20
yearsvely few have be@ seen. Mary fishemen lelieve that the jellyfish declined in numbersafew
years after the Munorah PoweStation canmenced operation in 1967.

The decline in numbersof the jellyfish Catostylus mosaicusin Tuggerah Lakes has also been obseed

by same scientists (Threshet al 1993 J Bell, pers comm 1990). Pssible causes br thedecline in
jellyfish abundarce are presented i Table 8.

Table 8. Possible causesfor declinein abundance of jellyfish

Part of along term natural cycle and the decline is not permanent

entrainment of adults on screens

- death of larvae while passing through cooling system

- chemicals (such as chlorine) killed adults and/or larvae

- Food supply (plankton) killed while passing through cooling system (see Thresher et
al 1993)

Power station effects -

Small size of entrance channel restricting the numbers that can move into the lakes

The declineis part of a coast-wide effect and not isolated to just the Tuggerah Lakes
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Blubber prevent fishing — 1892

In June, blubber became very thick at all parts of the lakes, and, as this pest showed no signs of a
decrease, fishermen began to leave, no less than five boats with some of the best fishermen going to Lake
Macquarie. With the exception of Munmorah Lake, where fish were very scarce, blubber has been
plentiful in the lakes throughout the year. (1892 Fisheries Annual Report)

Jellyfish hinder Professor Dakin’s Research — 1940s

Another difficulty, accentuated by the opening of the lakes to the sea, was the seasonal influx of
Coelenterates. Finally two types of cones which had the same diameter as the net and which fitted over
the mouth of the net were used. .... The current set up by these cones as the nets were pulled through the
water served, to a certain extent, to force the jelly fish out of the course of the net, and the holes and wire
mesh permitted the net to catch smaller organisms. The method was quite successful when dealing with
the large medusa, Catostylus mosaicus, but when the Ctenophores came into the lakes, all our efforts
were practically useless. The surface waters were almost solid Ctenophora, which were so soft that the
cones merely broke them and the nets became coated with a thick gelatinous.§Mogis and

Bennett (1951); a scientific paper reporting on prawn research in Tuggerah Lakes in the 1940s by
Professor Dakin of Sydney University.)

Jellyfish - they used to comein like sago

| haven't seen it (jellyfish) for twenty years. They reckon that when the Power Station started (in 1967)

they put something in the water and that killed the blubber but | don’t really know. | remember standing
on the bridge and it would come in like sago. It comes from the ocean but you don’t see it coming in any
more. They might only see 2 or 3 head of blubber this yégat Clifford)

Disappearance of jellyfish in the early 1970s

The jellyfish Catostylus mosaicus, which was once so abundant as to block cooling water screens (Pulley
1971) has virtually disappeared from the lakes since 1974 (J Bell, Environmental Officer Wyong Shire
Council, pers. comm.) (Extract from page 6 of Batley et al 1993, Report by CSIRO entitled “The

ecology of the Tuggerah Lakes System — Stage one.”)

5.6.2 Crabs

A number of people, particularly professional fishermen, commented on the very large numbers of blue
swimmer crabs that have been in the lakes in the last 3-5 years. Such large numbers were considered
unusual and had not occurred for about 40-50 years. Mud crabs had also been quite common in the last
few years. A few people commented that the number of crabs in the lakes depended on the size of the
opening at The Entrance. If there was a large opening, more crabs would move into the lakes.

Blue swimmer crabs plentiful again

Years ago, in the 30s or 40s | think, they (crabs)were thick, the Blue Svimmer Crabs. And then there
weren’t as many until just the last 3 or 4 years when they were very thick again. (Bélsrson)was
coming in every day with anything up to 10-12 boxes, and one day 23 boxes. A few weeks ago (May
1998) they were disappearing again and they were getting just a couple of boxes a day. (Bill Byles)

5.6.3 Shellfish

Quite a few of the professional fishermen reported a decline in shell life in the lakes (Scott 1998). Thirty
to forty years ago shell life was abundant but then slowly started to die off. A few commented that shell
life had started to increase again in the last couple of years.

50



These changes in abundance might be part of a natural cycle, possibly associated with the periodic
opening and closing of the entrance channel or to changesin salinity. Thomson (1959) suggested that the
loss of some shellfish speciesin Lake Macquarie during the late 1940s occurred when very heavy rainfall
caused amarked stratification of the lake water, and that the lower saline layer became deoxygenated.

In addition to natural fluctuations, the shellfish might also have been affected by pollution entering the
lakes, either from industrial and urban runoff. In Lakes Munmorah and Budgewai it is possible that the
spawn of some species of molluscs were harmed by the dosing of chlorine or by theincreasein
temperature when passing through the cooling system of the Munmorah Power Station.

Unfortunately however, there are no detailed scientific studies of the shell life in the Tuggerah L akes, and
so it is not possible to draw any firm conclusions.

Shell lifein the lake

As a kid we used to see heaps of cockle shells and mussel shells along the east side of the lake near North
Entrance, and then they disappeared. They only started to slowly reappear recently and this year on ‘big
flat’ there were as many cockles as I've ever seen since | was a young(detia.Brown)

Cockles in Top Lake

It (Top Lake) had a lot of those little cockles, and that is why | think it was such a good bream dig,
because they lived on these. Always chomp, chomp. That is why Top Lake consisted of such beautiful
bream. (Elizabeth Denniss)

5.6.4 Other species

Anecdotes about stingrays, eels and octopus were provided by many of those interviewed during this
study (Scott 1998). However it is difficult to determine whether there has been any long term changesin
abundance of these species. A few fishermen believed that the size of egls caught had declined over the
years, possibly because eels are avery slow growing species.

There were also reports about sharks waiting off The Entrance for fish and eels to enter the sea. Other
speci es described were sandworms, and atype of cungevoi that has only been sighted recently.

Eels taken by sharks at The Entrance

Eels; | can remember on one particular occasion sitting in the boat in the channel with Dad and we had
the net out, and every now and then you would hear a terrible crunch, and that was a shark taking an eel.
The eels used to flow out of the lake in great quantities and the sharks would wait for them. There used
to be a lot of eels. | don’t know how many eels are in the lake r{Pwug Duffy)
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6 Nutrientsin the Tuggerah Lakes

6.1 Sourcesof nutrients

Thereis strong evidence to suggest that the increased growth of macroalgae in the Tuggerah Lakesisa
result of the increased input of plant nutrients to the lake system, and especially compounds of nitrogen
and phosphorus.

In the Tuggerah Lakes, plant nutrients enter the lakes from both natural and anthropogenic sources.
These include (currently or in the past):

a) Natural sources

o seawater

* rainfal

» windblown dust

e aguatic bird droppings (counter-balanced by extraction of nutrients when feeding)

e organic matter (such asledf litter) and soil particlesin surface runoff from undisturbed lands
* lakebed sediments

b) Agricultural and forestry sources

o fertilizers

e animal wastes

» sediment derived from sheet and gully erosion in disturbed land.

¢) Urban and industrial sources

» Domestic sewage, (seepage from septic tanks, sewer overflows and effluent from treatment plants)

* Industria wastes

e Urban runoff (fertilisers, organic matter, greywater washed into gutters and drains from parks,
gardens and streets)

e Hyash from Munmorah Power Station (from stack emissions and from ash dam)

» Particulate and gaseous emissions (particularly nitrogen oxides) from the burning of fossil fuels by
power stations, factories and motor cars. These can reach the lake viawet or dry deposition directly
into the lake or onto the surrounding catchment.

6.2 Chemical availability

The principa nutrients involved in eutrophication in coastal waters, nitrogen and phosphorus, may exist
in arange of chemical forms.

The forms of nitrogen include the dissolved inorganic compounds such as nitrate, nitrite and
ammonium/ammonia; dissolved organic compounds such as amino acids and urea; and also organic
nitrogen in particulate form (Figure 27).

Organic forms of nitrogen are broken down by bacteria into ammonium, which under aerobic conditions,
isoxidised to nitrate. The nitrate can then be reduced through microbial action to molecular N, which
can be lost to the atmosphere. Other microbia organisms, such as cyanobacteria, are able to convert
gaseous nitrogen from the atmosphere back into organic nitrogen for cell growth. Hence, in aguatic
systems, nitrogen is not considered to be a conservative element since it can be lost to, and gained from,
the atmosphere.
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In general, nitrate and ammonium are the forms of nitrogen that are most readily available (or
biocavailable) to aquatic plants and algae for growth. Average concentrations for nitrate in Budgewoi
Lake are presented in Table 9.

AIR

IN25fixation
animals plants, algae
inorganic N Edenitrification
(NO,,NO, N2
NH,)
deamination
particulate dissolved
organic N organic N
dissolved and qdeaminaon
animals . .
plants particulate organic| inorganic N P
N

L intractable organic N

Figure 27. The Nitrogen Cycle

Phosphorus may occur as dissolved inorganic compounds such as orthophosphate; dissolved organic
compounds; particulate organic matter; or particul ate inorganic matter.

Unlike nitrogen, phosphorusis considered to be a conservative element in aguatic systems since it is not
gained or lost to the atmosphere. After it enters ariver or lake system, it will remain there, recycling
through components of that system (biological and inorganic) until it either reachesthe seq, is
permanently lost to the sediment or leaves as part of afood chain (eg fish-eating bird).

Orthophosphate (or phosphate) is the most bioavailable form of phosphorus and is commonly derived
from fertiliser application, animal wastes and sewage effluent. The particulate inorganic phosphorus
includes mineral substances in which the phosphorus is not readily available for uptake by marine
organisms and often settles out at the bottom of ariver or lake.

Table9. Nitrate and phosphate concentrationsfor Budgewoi Lake (at water surface)

1963-66 1973-79 1980-84 1985-91
Salinity (ppt) 32.7 19.0 26.9 18.6
phosphate (ug/L) | 6 2 4 2.6
nitrate (ug/L) 15 23 12 9.1

Source; King and Hodgson (1986)
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6.3 Nutrient limitation

In very general terms, the growth of aguatic plants and algae in fresh water systems tends to be limited by
the availability of phosphorus. Nitrogen, however, is generally the limiting nutrient in marine
ecosystems (Howarth 1988) including estuaries and shallow coastal lagoons (Boynton et al 1982, Fong et
al 1993, Harlin 1995). Doering et al (1995) found that P was limiting at low salinities of 0, 5 and 10 ppt,
but N was limiting at salinities of 25 ppt. The salinity of the Tuggerah Lakesisusualy in the range 15 to
30 ppt and the growth of aguatic plants and algae is probably limited by the avail ability of nitrogen under
most (but not all) circumstances.

The limiting nutrient also depends on the plant or algal species being examined, as they each require
nitrogen and phosphorusin different ratios. The fit between the available nutrients (the N to Pratio in
the water column) and the needs of particular speciesis one of the determinants of their relative
abundance. Walkerden and Gilmore (1996) suggested that for Tuggerah Lakes;

»  Phytoplankton are phosphorus limited
»  Seagrasses are nitrogen limited
* Macroalgae lie somewhere in between, possibly Ieaning towards nitrogen limitation.

In summary, it is advisable for lake management to control both nitrogen and phosphorus, since varying

the N to P ratio might simply alter the aquatic vegetation which flourishes. If the lakes are fertilised, one
form of aquatic plant or algae will make use of the available nutrients.
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6.4 Nutrient budget for the Tuggerah L akes

There have been many studies of nutrientsin the waters and sediments of the Tuggerah L akes System
(seetable 17 of Batley et al 1990), including alarge amount of water quality data collected by the
Electricity Commission since the early 1960s. Batley et al (1990) attempted to use this data to construct
anutrient balance but had difficulty due to missing data, and also due to the very large fluctuationsin
some nutrient sources from year to year. For example, the nutrient loads from the upper catchment can
be orders of magnitude greater during flood events compared with dry periods. The nutrient balanceis
also complicated by the complex hydrodynamics of the system in which the inflow and outflow of large
volumes of water containing nutrients of various concentrations occurs at irregular intervals.

Despite these problems, constructing a nutrient balance (Table 10 and Figures 29 and 30) can be avery
useful way of determining the major nutrient sources, and this can be used to develop practical guidelines
for nutrient management within the lake system.

Table10. Nutrient sourcesfor the Tuggerah L akes

Source Total Phosphorus | Total Nitrogen Comments
load load
(tonnesfyr) (tonneslyr)

Runoff from upper 25-30 150-170 Based on typical nutrient export data for

catchment (Wyong River each land-use. (see Appendix 1). Data

and Ourimbah Creek) from Boake (1991) indicated a P load of
10-20 tonnes/yr and an N load of 50-100
tonnes/yr.

Runoff from lower 10-15 60-80 Based on typical nutrient export data for

catchment including urban each land use (see Appendix 1).

areas)

Ocean -13 -260 3 tonneslyr of P and 190 tonnes/yr of N
entersviatidal flows (Garofalow 1998).
However on average about 16 tonnes/yr
of P and 450 tonnes/yr of N flows out of
the lakes, particularly during wet
weather.

Wet and dry depositionof | 2 10 Nitrogen oxides originate from natural

nutrients from atmosphere, sources, burning of fossil fuels at nearby

directly onto the lakes Power Stations, factories and motor cars
(see Appendix 1). Phosphorusis
deposited in the form of wind blown dust.

Waterbird droppings - - Thisisjust one of many natural pathways
that simply recycle nutrients. The
nutrients in the droppings originate from
food taken in the lakes.

Nitrogen fixation from - Unknown Blue-green algae can obtain nitrogen

atmosphere

from the atmosphere.

Some key points about the nutrient balance for the Tuggerah L akes are summarised below;

e Garofalow (1998) estimated that the total nitrogen inputs from the catchment has increased at least
three fold and the total phosphorus inputs over 6 fold since pre-European times.

* Hodgson (1979) measured chlorophyll-a values in the lakes over the period 1973/74 and noted a
coincidence between high chlorophyll values and the influx of nutrients from the catchment with
rain. Higginson (1968) also observed an increases in phosphate and nitrate concentrationsin lake
water caused by entry of freshwater from the catchment after heavy rainfall. These nutrients enter
the lake viathe main river and creek systems as well as stormwater drainsin residential areas. These
observations indicate that a major input of nutrients occurs during rainfall events.
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The upper catchment provides the largest input of nutrients to the lake system, and would have done
so since large scale clearing and logging commenced over 100 years ago. A large percentage of the
nutrient load from the upper catchment occurs during flood events and is attached to particulate
matter. Much of this material is deposited at the mouths of Wyong River and Ourimbah Creek, and
also in the middle of Tuggerah Lake. Some also passes through to the ocean viathe entrance
channd. Only asmall fraction would settle in the shallow nearshore zones where macroalgal blooms
tend to occur.

Pollution from sewage would have been an important source of pollution in the shallow nearshore
zones during the 1950sto the late 1980s prior to the completion of areticulated sewerage scheme.
Sewage effluent contains high levels of both dissolved orthophosphate, and dissolved nitrogen
compounds (such as ammonium and nitrate), which are readily available for algal growth. Nutrients
derived from sewage have been virtually eliminated from the lakes since the completion of the
sewerage system and the disposal of al treated effluent to the ocean.

Nutrients from urban runoff have become an increasingly important source of nutrientsin the last 20-
30 years, particularly for the shallow nearshore zone, as more land around the lakes is transformed
into residential and industria areas.

A significant proportion of the phosphorus that enters the lakes, either in dissolved or particulate
form, eventually becomes attached to the sediments on the lakebed where it slowly accumul ates.
This process has buffered the system against increasing loads from external sources. However, from
time to time, some of this phosphorus can be released back into the water column and made available
for agal growth. Therate of release depends on many variables, such as the water temperature and
the oxygen concentration at the sediment-water interface. The store of phosphorusin the lakebed
sediments could mean that there will be asignificant lag (of years, if not decades) between a
reduction in nutrients entering the lakes and areduction in algal problems.
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6.5 Sediment and nutrientsfrom the upper catchment

Before European settlement the catchments of the Wyong River, Ourimbah Creek and Wallarah Creek
were forested and the quality of water reaching the lakes would have been high. However, the
disturbance to the land caused by forestry and agriculture would have resulted in a steady increasein
erosion (and hence sediment yield) throughout the 19" century. The highest rates of erosion probably
occurred in the early 1900s when large areas of land were being cleared for the rapidly expanding
agricultural industries, and the logging industry was at its peak. Thisis supported by erosion studiesin
the other regions of NSW , such as the southern tablelands, where land clearing, followed by grazing,
occurred on alarge scale in the mid to late 19" century, and the peak erosion rates occurred in the
following fifty years (Starr 1989). After that, the erosion rate (and hence the sediment yield) slowly
declined to a new and stable value (Wasson et al 1992, Starr 1989). The new value was well below the
peak, but up to two orders of magnitude above the pre-settlement values. A similar trend could be
expected for the Tuggerah Lakes catchment although the peak erosion rates were probably considerably
lower than those experienced in the southern tablelands where land clearing was far more rapid and
extensive. Garofalow (1998) estimated that the increase in total nitrogen from the catchment has
increased at least three fold and the total phosphorus over 6 fold.

In recent years the implementation of erosion control practices and the increased awareness of catchment
management principles would have also hel ped to reduce the sediment yields in the upper catchment.

Nutrients can also enter the lakes from the upper catchment in the form of plant fertilisers, and organic
matter (such as animal manure or leaf litter). Fertiliser usein Australiaincreased sharply from the early
1950s onwards (Brodie 1995, McLaughlin et al 1992).

In recent decades, two major users of fertiliser, the dairy and citrus industries have declined, athough this
has been partially offset by the expansion of the turf industry. Overall, the use of fertiliser in the
catchment of the Tuggerah Lakes probably follows the national trend and has declined from a peak in the
1960s and 1970s.

Despite the recent decline in both sediment yields and fertiliser use, there are still some areas of the
catchment where relatively high concentrations of nutrients are found in local streams (Boake 1991).

o
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Figure31l. Longterm trendsin sediment yield from the upper catchment
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Erosion of streambanks

Major issues with water quality have been the degradation and erosion of streambanks and the |oss of
riparian vegetation. It isparticularly associated with grazing of theriparian zone. In earlier yearsthere
was little regard for erosion control or riparian vegetation, but in the last 10 years or so the awareness
of thisissue has greatly increased and effort is being put into controlling erosion of stream banks by
protecting riparian vegetation. (John McPherson, catchment officer at Wyong Shire Council)

Erosion Survey of Wyong and Ourimbah Creeks

In 1974, the Soil Conservation Service completed an erosion survey of the Wyong and Ourimbah Creeks,
which constitute 90% of the total catchment of the Tuggerah Lakes (IDC 1979). It was estimated that
19% of the catchment was affected by sheet erosion and a further 1% by gully erosion.

Sheet erosion was most severe where landuse included citrus orchards, pastures for grazing, partially
cleared timber, or forested areas that had previoudly been logged. Gully erosion was associated entirely
with grazing areas.

The remaining 80% of the catchment area was recorded as having no appreciable erosion.

(source; IDC 1979)

6.6 Sewage pollution

Early this century there was no reticul ated sewage disposal system and each house had a pit toilet to
dispose of human waste. Wastewater, from bathing or the washing of clothes was discharged into drains
which eventually flowed into the lake. However there was probably only a small impact on the lakes
since there were very few houses in the district at that time and water was used sparingly since most
residents relied on tank water.

In the 1940s and 50s, as small towns started to develop in the district, a sanitary pan service commenced.
Each week the pans were collected and emptied at waste dumps. These were located at Noraville, Bateau
Bay and Mardi.

In the late 1950s and 1960s, after town water was connected, the volumes of greywater being discharged
to local drainsincreased significantly and as the population increased this became a significant source of
pollution (Ken Grantham, Wyong Shire Council, pers. comm.). Also, after town water was connected,
flushing toilets were installed in some houses and the waste was treated on-site using septic tanks. These
tended to perform very poorly and there are numerous reports of them overflowing or seeping into the
lakes. Seepage from septic tanks in the 1960s and 70s was regarded by many residents (and the Wyong
Council) asamajor cause of pollution (both faecal contamination and nutrients). The problem was
exacerbated by the rapidly increasing population.

Problems with the septic systems eventually led to the construction of areticul ated sewerage system,
commencing in the mid 1960s and completed in the early 1990s. This greatly reduced sewage pollution
entering the lake system.

Initially, however, treated effluent from some of the sewage treatment plants ended up in the lakes,
particularly during wet weather. From 1969 until 1988 there was a secondary sewage treatment plant at
Wyong. It used to discharge effluent into an oxidation pond and would be re-used by Wyong Gol f
Course. Overflows would enter the nearby wetlands, which ultimately could have reached Wyong Creek.
After 1988 all sewage got pumped across to the Toukley Sewage treatment plant and then ocean outfall at
Norah Head.
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Residential Development along the Wallarah Road, near Kanwal, May 1998. Increased sediment loadsin
nearby creeks are often observed during the construction phase, due to removal of vegetation and
disturbance of soil.

Wyong River, May 1998. The brown colour of the water is due to fine silt being carried downstream
after heavy rainfall.



The Toukley (or Noraville) sewage treatment plant was initially built in the early 1970s, and augmented
in the early to mid 1980s. It used to discharge treated effluent into settling ponds in the nearby sandhills.
The ponds were designed so that effluent would then seep through the sandhills towards the ocean but a
small portion would seep back towards the lakes (Manly Hydraulics Lab 1983). In 1988 the ponds were
taken off line and effluent was discharged directly into the ocean. The ponds are now only used in
emergency when the outfall is out of operation.

Today, there would be very little sewage pollution entering the lake system, apart from the very
occasional sewage overflow (see WSC 1997).
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year

Figure32. Trendsin nutrient inputs from sewage pollution

Sanitary pans and septics at Chittaway Point.

At Chittaway Point in the 40s everyone had sanitary pans which would be collected. All other washing
water or dirty water used to go straight into the creek via a drain pipe. 1n the 60s people started to use
septic systems and this was part of the problem. Sewerage came later.. (Arthur Sterrit)

Seepage from septic systems

Growth of weed absolutely flourished due to nutrients seeping into the lake from septic systems. The
septic systems must have been having an impact, there was nowhere else for the effluent to go. There
were very few controls on where septic systems were built or on how well they operated, so systems were
installed on sandy areasright next to the lake. The effluent must have been seeping down into the lake.

In heavy rain they would be flooded and overflow into the lake. Septic systems in sandy areas next to the
lake never workedWe had one abur housein Tuggerawag Rd aml it didn’t work properly ard neither
did aur neighbaur’'s. Inrain it usel to overflow ad run down he stre¢into the lake. This was common.
(John McPherson)

Seepge from saitary depot at Mraville

The saitary depot at Mraville was commissiomian 1959. It was usel for treating night soil and septic
effluent. Trench aml lagoon disposal methds were usg Effluent leake through to Eel Hal Bay
causing a increase in nutrieninputs. (IDC 1979, Appendices)
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Council claims septic water flows into lake

Wyong Shire Council has decided to take legal action against Astor Hotel Motels Ltd., owners of the
Beachcomber Hotel at Toukley. Reason for the action is council’s claim that the company is allowing
septic tank effluent to flow into Budgewoi Lake..(The Advocate, 4/5/1966)

Less weed growth when the district was sewered
There is a definite improvement in the state of the lakes since the whole of the shire was sewered, in
terms of too much weed growtlfJohn Brown)

6.7 Urban stormwater

Fifty years ago the towns around the Tuggerah Lakes were very small and most of the area consisted of
bushland and farmland. Much of the runoff from these areas would have soaked into the ground and not
reached thelake. Sincethen, there has been aten fold increase in residential, commercial and industrial
areas around the lakes and this has caused a very large increase in runoff, particularly during heavy
rainfal. The stcormwater is usualy directed to existing drains and watercourses, where large volumes of
high velocity water can cause severe erosion. The sediment passes down the stormwater system and
settles out along the lake edge, causing localised siltation problems. The highest sediment loads are
generated from new urban devel opments where vegetation has been recently removed and the soil
disturbed. Urban stormwater aso contains litter and pollutants washed from roads, footpaths, roofs and
gardens.

Urban runoff is aso considered to be one of the main contributors of nutrients to the shallow nearshore
zones of the Tuggerah Lakes, and thisis where excessive macroalgal growth has caused the most
problems.

As aresult of these problems, in the last 5-10 years, there has been an increasing effort by Council to
reduce the amount of sediment, nutrients and gross pollutants contained in urban runoff. This has
included the construction of sediment traps, trash racks and filter strips on stormwater drains, and
increasing public awareness through education campaigns. Council has also been active in sealing all
exposed road shoulders and table drains to reduce the quantities of eroded sediment (Terry Gibbs, Wyong
Shire Council, pers. comm.).

After the construction of new urban areas around the lakes is completed, a Slow reduction in sediment
yield should follow asthe areais progressively stabilised by the establishment of drainage facilities,
paved roads and lawns. A new steady state in sediment yield will eventually be reached which will be
below the peak values during the construction of new urban areas, but well above the yield prior to
urbanisation
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Stormwater drain at Canton Beach.
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Figure 33. Trend in nutrient inputsfrom urban stormwater pollution. (Thistrend closely reflects the
growth in residential areas around the lakes. Over the last 5-10 years initiatives by Council to treat urban runoff are
helping to address this problem)

Urban stormwater and lake pollution

Therisstill somepollution coming into the lake from all he hauses but youcan't really do anything
abou that. But at last Couwncil is putting in some mnts (rushe andoak trees) o filter the water that
comes dowall the drains. We usedda just haveopendrains ard everything used to just wash aut into
the lake (John Brown)

Stormvater runoff has increased

Stormvater pollution has keensteadily increasing in the last fewdecades die to the very large increase
in urban areasea thelake Monitoring data for stormwater drais is awailable. Nutrier input from
stormvater runoff hasincreased over the years. Bedarrban developrent, nost rain would soak into
theground where now it runs off the road surfaces, anbouse roofsinto drains and then the lake. Land
clearing and thedraining and reclamatiorof wetlends has al® increased raoff from someparts of the
lower catchmet. Seliment loads entering the lakfromthese areakasgreatly increased. (John
McPherson, catchment officer, Wyong Council)

Increased poplation causes moreghl ution
Evely foot of curbing and gittering that isbuilt, the ruroff and rubbish goes staight into the creelor
lake. The more paple living around the lake fie morepollution running into it. (Trevor Spiers)

Stormvater easemenand siltation of the lake edje.

We have an easemesiong ou boundary and we lave hal large amaunts ofgravel washeddown hat
easemat over theyeas. Ardthis gravel has formed little islands viere the easemen enters the lake.
The easement hasbig flow in storms. The ruroff hasbeen caused B all the haising ard roads that
havebeen hilt over theyears. Itusad to bean goen drin and tere was virtually no wate in it. When
we first camdnere it wasall bushand the watersoaked into theground Butnow we a@e ¢gtting all the
runoff, and wealso get coke bottles Macdonald’s oil, anything that pele throw into thedrain.
(Margaret Gedling)
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7 Opening of the Entrance channel

The only connection between the lakes and the ocean is a small channel at The Entrance. Thisresultsin a
restricted interchange of water between the lakes and the ocean, and very little tidal effect. Under natural
conditions the channel would dowly block up with sand and could remain closed for ayear or more.
Eventually alarge flood would burst over the sandbar and scour out the channel. Thiswas often
expedited by local residents who lived in low lying areas around the lake shores (eg Tacoma) and whose
houses were being flooded. The sudden release of water during these floods would wash all of the sand
out of the channel and for awhile the entrance channel would be much wider and deeper than usual.

The channel is now kept permanently open by continuous dredging of the sand bar that slowly builds up
acrossit. Keeping the entrance channel permanently open reduces the risk of floods around the edges of
the lakes and hence the potential damage to residential areas. However, it would also have affected the
lake ecology in the following ways;

« Thefloods will not reach such great heights as previously since the water will not bank up behind a
closed entrance channel. This reduces the frequency of inundation of surrounding wetlands.

*  Thedeep scouring effect of large floods islesslikely to occur, and hence the entrance channel will
rarely open up to the depths or widths that it has obtained previously (even if only for a short period).

e Thevariationinlakelevel isnow alot less since any runoff after rain events can quickly flow out
into the sea rather than bank up. For the same reason the average level of the lake islikely to remain
closer to sealevel, (in other words dightly lower than it used to be). The more stable (and slightly
lower) water level has allowed land plants (eg casuarinas and grasses) to establish in low lying areas
along the shore line which used to be bare.

* Thesdinity of the lake will tend to be more constant. There is now a continuous exchange of salt
and fresh water with each tide. In previous years, when the channel would block up, the lake would
become quite fresh after heavy rains and very salty during extended dry spells. These fluctuationsin
salinity affect the type of weeds that grow in the lake and could have been one of the causes for the
large cycles of growth and dieback of stackweed.

* Inprevious years, when the channel blocked up, the fish and prawns that spawn at sea could not
leave the lake and would continue to grow within the lake. During these periods catches of larger
fish were obtained, including good sized snapper which would have normally left the lake at an
earlier stage. The lake closure aso tended to favour the greasyback prawns which spawn within the
lakes. If the lakes remained closed, the fish population would eventually decline as new stocks of
fish could not replace those that were caught.

» After alarge flood the channd would be deep and wide, allowing easy accessto avariety of fish. An
abundance of king and school prawns also depends on a deep entrance channel.

In summary, maintaining a constantly open entrance channe reduces the fluctuationsin salinity, sea

water exchange and lake level, which in turn will reduce some of the large natura fluctuationsin lake
ecology that previously occurred.
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Figure 34. Effect of increasing channd size on salinity, average lake level, fish access and flood
levels (Prior to the continuous dredging of the channel, the channel size would fluctuate widely, which in
turn caused fluctuations in lake ecology. )

L agoon entrances along the east coast of Australia (extracts from Bird 1984)

The shape and size of lagoon entrances is the outcome of a contest between the currents that flow through them and
the effects of onshore and longshore drifting of sand which tend to seal them off. Currents are generated through
entrances in several ways. There aretidal currents produced by tides entering and leaving the lagoon; there are
currents due to outflow from rivers, particularly after heavy rain when floods build up the level of the lagoon so that
water pours out through the entrance; and there are currents generated by wind action, onshore winds driving sea
water into the lagoon and offshore winds driving lagoon water out to sea.

The entrance has a cross-sectional area which variesin relation to the volume of water passing through, being
widened or deepened during episodes of floodwater discharge. When the outflow is weak the entrance may be
filled in by the longshore movement of sand caused by waves and ocean currents.

The position and dimensions of lagoon entrances change frequently in response to variations in the processes at
work and might vary from being completely closed off to being wide deep channels. Some lagoon entrances have
been stabilised by the construction of bordering breakwaters. Examples include the entrances to Lake Macquarie,
Lake Illawarra and the Gippsland Lakes.

The dimensions of lagoon entrances influence the extent to which tides invade alagoon, the tide range diminishing
rapidly inside the entrance. The more remote parts of large lagoon systems are unaffected by marine tides, but are
subject to irregular changes of level from heavy rain, river flooding, or the action of strong winds. Winds blowing
over alagoon lower the level at the windward end and build it up to leeward.

Entrance dimensions also influence the pattern of salinity in a coastal lagoon. Salinity is determined by the meeting
and mixing of freshwater from rain and rivers, and salt water from the sea; it generally diminishes from the lagoon
entrance towards the mouths of rivers. During extended periods of hot, dry weather, the lagoons may become
hypersaline when evaporation is high and the inflow of freshwater islow.

Salinity is of ecological importance, affecting the development and distribution of aquatic plants and algae growing
in the lagoon, which in turn affects the types of aquatic fauna, (such as fish and crustaceans) that will be present.

63




Channel opened up in 1914

The entrance from Tuggerah Lake to the ocean was closed up in the beginning of January by the

formation of a sand bar; and after a few months’ closure, a large body of water, the result of heavy rain,
accumulated and caused great inconvenience to the farming population settled on the banks of Wyong
Creek. In view of the damage to property bordering on the lake and creeks by inundation from the
backed up waters, the Public Works Department was authorised in July to open a channel to allow the
accumulated waters to escape to the océH14 Fisheries Annual Report)

Channel opened to reduce water level - 1915

The entrance was closed for about eight months during 1915, and the lake rose so high that the Shire
Council was compelled to open it, since when it has remained open, though it is now rapidly closing
again. (Letter from C Gordon, the Fisheries Inspector, in the 1915 Fisheries Annual Report)

Large channel allows jewfish into the lake
When they have a good entrance the jewfish would come into the lakes in big quantities but they haven't
been there for years because the entrance is too srffatthur Clouten)

Bigger fish when channel closed

There have been big cycles in the numbers of prawns caught, a lot of it is controlled by what sort of
entrance channel there is. If it is closed for awhile, | can remember Dad saying it was closed for three
years at one stage. When it is closed for a while, little fish such as the red bream that are in the lake they
can't leave and will keep growing until they are quite large. The greasyback prawns do well when it is
closed too. But if it was to stay closed, then you might fish the lakes out. When it closed people tend to
catch bigger fish because the fish can’t leave, but the problem is that it might be fished out because there
are no others coming in(Trevor Spiers)

Prawns need an open entrance channel

Over the years when the entrance to Tuggerah closed, then the prawns cut out, and the old fishermen
wondered why, then they discovered that prawns have to go to sea to breed. The ‘schoolies’ and the
‘kings’ go to sea, if they didn’t go to sea, the spawn never came back in and the prawns gradually died
out until we got a flood and opened the channel again. That happened several times before the war,
1935-1940.(Clarrie Wynn)
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The Entrance in the late 1940s (photo; Wyong Historical Society)

Looking east at The Entrance in the 1940s. (photo; Wyong Historical Society)

The Entrance, May 1998



8 Munmorah Power Station

The Munmorah Power Station commenced operation in 1967 and was fully commissioned with a
maximum power output of 1400 MW at the end of 1969. During the mid 1980s the generating load was
reduced as other power stations came on line. In 1990, two of the four generating units were shut down,
and since July 1998, has operated as a one unit station. Current operational arrangements are for
intermittent service as a standby plant.
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Figure 35. Munmorah Power Station — pwer output (data fr om Delta Electricity , May 1999)

8.1 Impactsof the Power Station

There are a number of impacts that the Power Station had on the Tuggerah Lakes, most of which have
been assessed in detail by Ruello (1978), Henry and Virgona (1980), Batley et al (1990) and Thresher et
al (1993). A summary of the main impacts, along with observations from local residents and fishermen,
are presented below.

8.1.1 Alteration tothe natural water circulation patterns

The power station drew cooling water from Lake Munmorah and discharged it to Budgewoi Lake. At
full capacity the power station circulated cooling water at 54 m’/s (4,600 ML per day). Thisisequivalent
to 25% of the total volume of water in Lake Munmorah (which is 18,500 ML) passing through the power
station each day. Batley et al (1990) concluded that the power station had a measurable impact on the
hydrology and limnology of Lake Munmorah and Budgewoi Lake. The cooling water circulation meant
that the two | akes effectively had a common water body and the flow between the two lakes was changed
completdly.
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8.1.2 Increased lakewater temperature.

At maximum power generation the temperature of the water passing through the condenser system was

raised 10 °C while at average operating conditions it was raised 7.5 °C @atlé990). The heated

water was discharged into Budgewoi Lake, and data for the period 1973-79 show that within 500 metres
of the power station outfall the surface temperature was elevated about 7 °C on average. The plume of
heated water slowly dispersed and raised the average surface temperature in Lake Budgewoi by 2 to 5 °C
(Batleyet al 1990, King and Hodgson 1995). The extent of the temperature plume depended on power
station output and wind direction, but was generally confined to the surface layers. As water recirculated
back into Lake Munmorah, most of the heat had already dissipated and the average water temperature in
this lake was only elevated by about 0.8 °C (Badteay 1990).

The power station’s heated effluent affected the beds of ribbonw&esdr& capricorni) close to the

outfall, especially in a zone of about 2km extending along the northern shore of Budgewoi Lake towards
Buff Point (IDC 1979, Barclay 1983, Hodgson, in ECNSW 1987, Batlely1990). The most probable
explanation for the loss @ostera from this area is that they were thermally stressed, since the growth of
Zostera is inhibited at temperatures above°@(Batley et al 1990). Robinson (1987) observed similar

declines in seagrass beds immediately adjacent to the outlet of the Vales Point Power Station in Lake

Macquarie.

There has been no documented evidence of seagrass bedsin other parts of Budgewoi or Munmorah
Lakes being affected by the heated water, although Batley et al (1990) concluded that well designed
mani pul ative experiments would be required to obtain the relevant data.

Although the outflow of heated water from the power station could possibly have led to increased growth
of macroagae in some parts of Budgewoi Lake, the increased levels of nutrients from urban runoff is
almost certainly a much greater factor. It isaso worth noting that the problem of excessive algal growth
is by no means limited to those areas which lie within the cooling field of the power station. Biomass
data collected from Chittaway Point in Tuggerah Lake, and well outside the direct influence of the
thermal plume from the power station, show similar values to those from San Remo, near the station
outfall (King 1988). Also, the most troublesome growths of algae have occurred in shallow waters
around the edges of the lake where heating is dominated by solar radiation rather than the influences of
the power station.

Warmer water in Budgewoi Lake
The fishermen who used aluminium boats, they used to say that they could fed the change in water
temperature as soon as they went under the Toukley bridge and entered Budgewoi Lake. (John Brown)

8.1.3 Increased salinity.

Although there was an increase in salinity from power station driven evaporation (caused by increased
lake water temperature), it was estimated to be less than 3 ppt (Batley et al 1990). Local rainfall and
catchment runoff are the dominant factorsin salinity variation and under most conditions any effect from
the power station would have been negligible compared with these. The only exception might have been
in times of severe drought when salinity levels were aready high (levels over 40ppt have been recorded)
and organisms near their upper lethal limits for salinity could be affected (Thresher et al 1993).

8.1.4 Entrainment and impingement.

When the power station was operating at full capacity, 25% of the total volume of water in Lake
Munmorah would pass through the power station each day. Screens placed in the inlet channel would
filter thiswater and prevent any fish or debris from entering the cooling system.
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Ruello (1978) suggested that some species of fish collected on the inlet screens and then bypassed into

the warmer water of the outlet canal (which was up to 10°C warmer) would be stressed by the sudden
increase in temperature and perhaps injured or killed. At other power stations around the world, fish kills
have also been blamed on the excess heat of the outlet water, particularly in summer (Gallaway and
Strawn 1974).

Some fish species, such as anchovies, also suffered physical damage, such as losing their scales, when
caught on the inlet screens, and would be vulnerable to attack from predation while passing through the
outlet channel. Other species, such as eels were more resilient and probably suffered a very low
mortality. However, Henry and Virgona (1980) concluded that the number of commercially important
fish species impinging on the screens was low and hence would not affect total abundance.

Small organisms which passed through the inlet screens and entered the cooling system could have been
killed or injured either by physical damage (Waritswat 1975), or by the increased water temperature (up
to 10 °C increase). Up to 1983, a temperature of 35 °C at the end of the outlet channel had been exceede
2.5% of the time. (Thresheral 1993). These incidents would occur in December, January and

February when inlet water temperatures were high (SPCC 1983). There have been a number of studies
which investigated the impact of entrainment on zooplankton populations, some of which found a
reduction in abundance at the outfall whereas others found no impact (see Tdiralsh®93 for a brief
summary of these studies). Entrainment effects may also be secondary or tertiary (Ehabd1993).
Zooplankton form a major component of the diet of the anchovy, which are themselves eaten by some of
the commercially important species within the lakes (Ruello 1978, Henry and Virgona 1980). Thus a
decrease in the abundance of zooplankton could potentially result in a decrease in fish catches, though
these linkages are not yet fully understood (Threatair1993).

Fish larvae and eggs are also susceptible to mechanical or thermal damage when passing through the
cooling system (Miskiewicz 1987, Edmunds and Jensen 1974). Although the larvae of marine-spawned
fish were unlikely to be affected, the larvae of species that spawn in the lakes, such as anchovies and
garfish could have been. The eggs of anchovy are pelagic and hence were also susceptible (Friedlander
1976). However, given the fecundity of female anchovies, Threshk(1993) concluded that the

overall impact on the anchovy population of the Tuggerah Lakes was probably small. The eggs of the
garfish are attached to seagrass leaves and hence were less likely to be entrained.

Prawns in general and in particular the larvae of the greasyback prawn were also susceptible to the effect:
of high temperature and mechanical damage during entrainment. Even if not killed, incapacitated
individuals would quickly be eaten when they exited the power station (Ruello 1978).

Despite the effects of entrainment and impingement, most commercial catches in the Tuggerah lakes did
not show a noticeable decline during the operation of the Power Station. The only exceptions are
possibly the greasyback prawn and the garfish (see section 5), although there are many other factors that
are equally as likely to have caused their decline.

Fish kill at outlet channel — hot water the most likely cause

In mid December 1975 the outlet water temperature frequently exceeded 34 °C and rose to a high of 36
°C, according to the station’s temperature records, and on thé#&sember dead and dying bream

were seen on the water’s surface in the outlet canal. At that time “cool water” was being pumped from
the inlet canal to the outlet canal to try to lower the water temperature in the outlet canal and thereby
reduce fish mortality. In view of the observations cited above and Clark’'s experimental studies (referred
to earlier in the report) it seems likely that this fish kill was a result of the high water temperature in the
outlet canal. .....

It should be noted that dead prawns sink (and presumably are quickly consumed by fishes and other
predators) and consequently any mass mortality of prawns in the outlet canal, should it occur, would
normally go unnoticed(From Ruello, 1978, ‘Report on studies on the impact of the Munmorah Power
Station on the Tuggerah Lakes prawns and fishes’.)
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Effects on greasyback prawns

We used to get a lot of greasyback prawnsin the lakes. The school and king prawns breed at sea and the
spawn comes back in, but the greasybacks breed in the lakes. Before the power station we used to get
cycles of them. You got plenty of prawns. Then they put the power station in. The spawn goes through
and is cooked there and we got no greasybacks. The power station is off now and the greasybacks are
coming back. Thisyear we had the most in years and years. (Arthur Clouten, May 1998)

8.1.5 Emissionsof gaseous nitrogen oxides

Nitrogen oxides (NOx) can be deposited either as wet deposition (dissolved in rain) or as dry deposition
(attached to dust). Thisincludes both natural and anthropogenic sources. The main anthropogenic
sources are power stations that burn fossil fuels, factories and motor cars.

Bridgman et al (1988) provided data on the major anthropogenic sources of NOx gasesin the Hunter
region for 1984-85;

Wangi Power Station 130 tonnes/yr
Munmorah Power Station 12,200 tonnes/yr

Vdes Point 24,500 tonnes/yr
Eraring 35,200 tonnes/yr
Lidddl and Bayswater P.S. 38,700 tonnes/yr
Automobilesin whole Hunter region 9,840 tonnes/yr
Factories 10,890 tonnes/yr

Total NOx emissions in Hunter region in 1984/85 131,000 tonnes per year.

The NSW EPA (1993) reported asimilar total of 128,000 tonnes/yr of NOx emissions for the Newcastle
and Hunter region, most of which originated from power stations (NSW EPA 1993).

Despite these anthropogenic emissions, Bridgman et al (1988) reported for the Hunter Valey and
Newcastle region that NOx in rainfall was only slightly above background levels. Thisindicates that for
the Tuggerah Lakes, the bulk of NOx deposited from the atmosphere is from natural sources rather than
anthropogenic emissions.

8.1.6 Sawdust and ash

Sawdust was used in the cooling water to minimise leaks due to corrosion in the condenser tubes. The
average amount used in the first 16 years of operation was 250 tonnes per year. There was some concern
that the sawdust contributed to the nutrient loading in the lakes, but compared with other sources of
nutrientsit was insignificant. However, there could have been some localised effects in Budgewoi Lake
near the outlet channel (Batley et al 1990). In the early 1980s the quantity of sawdust was reduced when
doses of ferrous sulphate and ferric chloride were introduced to retard corrosion of the tubes.

Ash was produced by the burning of coal at the power station and was collected in the Colongra Creek
Dam (bottom ash) and Lake Mannering (fly ash). Excess water from the Colongra Creek Dam (including
the water used to transport the ash to the dam) passed back through the cooling water system and into
Budgewoi Lake. In the early years of operation there were some problems with the ash disposal system
and modifications were made to reduce the amount of ash reaching the lakes (Batley et al 1990). Also,
ash in stack emissions (flyash) was dispersed over the lakes by prevailing winds or washed in from the
catchment during storm events. The result of these emissions was that the top layers of sediment in

L akes Munmorah and Budgewoi contain asmall proportion of ash, athough the exact quantity has been
difficult to assess (Batley and Brockbank 1992).
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Sawdust and ash
There was ash coming out in the early stages. And they also used to put sawdust into the cooling water
to block the leaks up in the pipes, and all this sawdust would then come out into the lake. (Mick Asquith)

Sawdust — Latest Threat to the Lakes

Immense guantities of sawdust and tiny wood chips are being pumped into Budgewoi Lake from
Munmorah Power Station, and responsible local residents fear that the resultant pollution could
seriously affect the whole Tuggerah Lakes system.

The sawdust has apparently been going into the lake in increasing quantities all summer, and reliable
information is that the present rate of discharge into the lake is a massive 1000 bags a week.

It is believed that the sawdust is poured through a condenser at the power station in attempt to plug leaks
in the cooling system. It goes through in the stream of salt water drawn from Lake Munmorah, and is
then discharged through the outlet channel into Budgewoi I(s¥gong and Lakes District Advocate,

28/4/1971)

Weekend work to clear ash off lake

Gangs of Electricity Commission men worked overtime at the weekend to clear masses of drifting flyash
from the surface of Budgewoi Lake. The ash, which at one time lightly covered as much as one-third of
the lake’s surface, was one of the unusual results of last week’s drought-breaking rains. ...

By midday on Friday an ash scum had built up thickly against fishing boats moored near the narrows
between Budgewoi and Tuggerah Lakes. Currents brought the ash across Budgewoi Lake from the
power station, then swept it through into Tuggerah Lake.

When first notified of the ash covering on Friday, Electricity Commission officers at Lake Munmorah
power station could not imagine how there could have been any escape. A spokesman told “The
Advocate” that the stacks were monitored day and night, and no unusual emission could pass unnoticed.

Immediately it was realized that the ash was waterborne, not airborne, the Electricity Commission sent
inspection teams to the southern shore of Budgewoi Lake, where the scum was beginning to pile up.
They identified it positively as flyash, and immediately made plans to counteract the effect by tracing the
cause.

A spokesman stressed that there was no danger whatsoever to fish from the ash. It was unsightly but
harmless. .(Wyong and Lakes District Advocate, 9/9/1970)

8.1.7 Chemical Pollution.

Chemical analyses of sediment cores indicate that there has been enrichment of zinc, copper and lead by
factors of 60 to 100% in the top 20-30 cm of both Munmorah and Budgewoi Lakes (Batley et al 1990,
Batley and Brockbank 1992). The sources of such metal s include ash from the power station, corrosion
of power station condenser tubes, and a so runoff from surrounding urban areas (particularly for the

lead).

Despite the enrichment of these metals in the sediments, none exceeded the concentrations which are
considered to be of concern for either aquatic biota or human health (Batley et al 1990). There was also
no evidence of accumulation of heavy metals by seagrasses or other aquatic biota (Batley et al 1990).

Continuous dosing of chlorineto water passing through the cooling system occurred until 1973 to control

build-up of slime, barnacles and other fouling organisms. After 1973 it was only used in one of the four
units at atime for 2 hours per day, from October to June. In 1990 chlorine use ceased altogether.
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Although fish kills at the outlet were occasionally blamed on abnormally high chlorine levels, such
incidents did not occur under normal operating conditions as care was taken to ensure that chlorine levels
were close to zero when cooling water finally entered the lake.

The organisms which would have experienced the greatest exposure to chlorine would have been those

that passed through the cooling system where the chlorine was added. Estimates of mortality caused by

chlorine vary widely in the literature (eg Heinle 1976, Gentile et al 1976, Coughlan and Davis 1983),

although it appearsto be particularly damaging to phytoplankton and zooplankton. Even if the chlorine

didn’t kill immediately, it could have caused incapacitation, and combined with mechanical damage and
heat stress, might have led to increased levels of predation at the outlet. This problem was eliminated in
1990 when chlorine dosing ceased.

The dosing of ferric chloride and ferrous sulphate started in 1982 to retard corrosion of the cooling tubes
and allow a reduction in sawdust usage. This resulted in 4-5 tonnes of iron being added to the upper two
lakes every year. Thresharal (1993) concluded however, that the addition of iron would have had

little effect on the ecology of the lakes.

A few fish kills were also reported after cleaning and maintenance of the canal, possibly due to the
decomposition of the fouling organisms which had been removed and the resulting deoxygenation of the
water (Thresher pers. comm.).

Fish kill caused by chlorine? — 1972

A number of fish kills in Budgewoi and Munmorah Lake in the 1970s have been attributed to the
operation of the Munmorah Power Station. The NSW State Fisheries departmental files (73/3881)
record that dead bream and silver biddy were found around the outlet canal area of Budgewoi Lake in
mid November 1972 and that there was a strong smell of chlorine in the neighbourhood at that time. The
Sydney Daily Mirror newspaper of the"™lRovember 1972 reported that “two truckloads of dead fish

have been taken from Budgewoi Lake in the past few days.” The cause of the fish kill was not
ascertained but it seems likely that the kill was a result of an excessive amount of chlorine in the
discharge waters.

In more recent years the Munmorah Power Station has only been using chlorine on an intermittent basis
and there has been no evidence that this chlorination programme has been harmful to prawns or fishes...
(from Ruello, 1978, ‘Report on studies on the impact of the Munmorah Power Station on the Tuggerah
Lakes Prawns and Fishes’)

Fish kill caused by Power Sation

Thefirgt big kill they had, just after the power station started, | rang up the fishing inspector, Jack
Trifford, and told himthat there was dead fish floating all over the lake. So he came over to have a look.
| took himout in the boat on Budgewoi Lake, there was dead bream, mullet, blackfish, everything, and
they were all over the lake, and | said they are coming fromthe power house. He said how do | know so
| took himright up to the outlet and you could see them coming down in the current.  That was in the
early days. (Mick Asquith)

8.1.8 Declinein jellyfish abundance.

The jellyfishCatostylus mosaicus has declined in abundance in the Tuggerah Lakes since the early

1970s. The decline was observed by local residents and professional fishermen and many blame the
power station (Scott 1998). Pulley (1971) suggested that the high temperatures generated by the power
station caused the disappearance of the larvae from the upper two lakes in the winter of 1971, although
others suggested that they were eliminated from the lakes by flooding (Hodgson 1979). Ehetsher
(1993) proposed an alternative reason for their slow decline, and this was a secondary effect from the
Power Station; the depletion of their food suppli€satostylus mosaicus are planktivores and the thermal
effects of the Power Station caused a depletion of some species of plankton during winter when the
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jellyfish larvae are growing. It is also possible that a combination of mortality during floods, alack of
stock to provide recruitment and/or starvation of larvae has prevented this species from reappearing.

Other possible impacts of the Power Station on the jellyfish population might have been;

« theeffect of chlorine dosing on both the adults and the larvae;

* mechanica and thermal damage to larvae as they pass through the cooling system, and

» theentrainment of adult jellyfish on the inlet screens (note that at full capacity the Power Station was
circulating a volume of water equivalent to 25% of the total volume of Lake Munmorah, each day).
There are reports (for example Pulley 1971, Ruello 1978) that jellyfish would collect on the Power
Station screens in such large quantities that it would cause operational problems.

Alternatively, the observed decline might not be isolated to the Tuggerah Lakes. The decline could be
part of along term natural fluctuation (possibly caused by climatic factors), or it could have been caused
by some coast-wide anthropogenic impact such as chemical pollution or destruction of habitat.

Loss of blubber caused by Power Sation?

This place used to be full of blubber too, the blubber was blocking the screens at the power house, so

they got a ‘blubber expert’ in and they wiped them out. This expert was up there for three years working
out how to kill the blubber and we’ve never had them since. We used to catch prawns in the inlet canal,
and the ‘blubber man’ used to come down and talk to us, he took us up to the power house, and showed
us what he was doing, he showed us how he was killing them, and we’d end up getting the dead blubber
in our nets, they'd have no legs we'd just get the head of them. The blubber would be dead and would go
hard, and you'd only get the head of {Mick Asquith)

8.1.9 Effectson fish and prawn catches

A positive impact of the Munmorah Power Station was that recreational fishing opportunities were
enhanced, particularly during winter, when the outlet canal would account for 80% of the total number of
anglers around the lakes and 90% of the catch (Henry and Virgona 1980). The increased water
temperature, along with a good food supply made it amost productive area. Bream were attracted to the
mussels on the canal walls, and mullet liked the algae that would grow there (Ruello 1978). There was
aso aplentiful supply of larvae, small fish, prawns and zooplankton which had been injured or killed
while passing through the power station and these made easy prey.

At the power station inlet, the professional fishermen were alowed to place their nets across the channel
and they would catch the prawns that were being drawn into the power station. These would often be
large sized prawns that had been trapped in Lake Munmorah by the strong current passing up through the
Budgewoi Creek channel.

Despite the opportunities to catch prawns at the inlet channel, most professional fishermen felt that the
power station had a detrimental effect on prawning (Scott 1998). As mentioned earlier, the greasyback
prawn spawns in the lakes, and the fishermen believed that the spawn was killed when it passed through
the power station, causing a major reduction in numbers. Unfortunately, the NSW Fisheries records prior
to 1978/79 only report the total prawn catch and do not specify the catch by species, and so the anecdotal
evidence of adecline in greasyback prawns canncot be confirmed.

With regard to finfish, professional fishermen had mixed feelings about the impacts of the power station.
Some felt that the abundance of fish had declined in Lake Munmorah, while othersfelt it had not been
affected. Others believed that the only change had been in the distribution of fish, particularly in winter,
with many of the fish moving from Tuggerah Lake into the warmer water near the outlet in Budgewoi
Lake (Scott 1998).

After abiological investigation and areview of the historical fishing data, Henry and Virgona (1980)

concluded that there was no apparent detrimental effect by the Munmorah Power Station on the
commercia catch of finfish and that it had enhanced the recreational catch.
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Lessfish in Lake Munmorah

From 1936 large quantities of greasyback prawns bred in Lake Munmorah, and from 1953 good
quantity of bream and luderick and mullet caught with meshing nets. Thislake was closed to hauling
nets about 1952. After the start of operation of the Power Sation in 1967, there were big fallsin fish and
prawnsin thisarea, so most fishermen never got there as catches would be small compared with the
catches before 1967. (Arthur Clouten)

Large prawns caught at the inlet canal
Munmorah inlet channel became a prawning bonanza with large king prawns the main catch. Draws
took place to determine who could set nets on each night. (Peter Clifford)

Power House killed the greasybacks

...the power house took the greasybacks. Greasybacks are a prawn that doesn't go to sea, and the powe
house killed the spawn when the water passed through. Well the power house hasn’'t been working for a
few years now and the greasybacks are starting to come back. There were a lot of greasybacks last year
and the year before (Mick Asqguith, 1998)

Outlet channel made good fishing spot
They closed the outlet channel to amateurs because they were catching all the small fish. The fish
seemed to love the hot wate{Bill Byles)

8.1.10 Dredging of channels.

In order to provide sufficient circulation of cooling water, Budgewoi Creek (the channel between the two
lakes) was deepened. Dredging was also undertaken in the channel around the northern edge of
Budgewoi Lake between Buff Point and Budgewoi, and also in Lake Munmorah near the inlet channel.
In earlier years, when the channel was quite shallow, some fish would become trapped in Lake
Munmorah and would grow to alarge size. The deepening of the channel probably resulted in less of
these large sized fish being caught.

Effect of deepening the Budgewoi channel on the fish

Interviewer: When they deepened the channel through to Munmorah, did that change the type of fish you
caught there?

Mick; Yes, it was that shallow that when fish went in there, they'd stay in there and keep growing and
they were always the biggest fish you would catch. They couldn’t easily get out so they’d stay
there and keep growing. Everything was always bigger in Top Lake. That changed when they
deepened it. You see now, if mullet go into Top Lake, they might only stay there for a day and
then come back out again, where previously when they went in, they would stop(Made.

Asquith)

8.1.11 Improvementssince Power Station reduced operation?

The Power Station has greatly reduced its operations over the last 10 years and is now on standby duty
only. Some fishermen believe there has been an improvement in the condition of both Budgewoi and
Munmorah Lakes (Scott 1998). In particular they have observed increasing numbers of greasyback
prawns and shellfish, and changes in the types of weed (seagrass and algae) present. Whether these
changes are connected to the Power Station reducing its operations or are the result of other factors
(anthropogenic or natural) is difficult to determine. For instance, the observed changes might be
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associated with long term fluctuations in salinity or rainfall, which are part of a natural cycle, or they
might be associated with other anthropogenic factors such as the reduction in sewage effluent entering
the lakes.

It can however be concluded that the closing down of the Power Station reduces the number of potential
impacts on the lakes’ ecology and returns the system closer to its original condition.

Types of weed are changing due to colder water now
The weeds that the power house created, that is going, because the water is not as warm any more (after
the Power Station stopped operatinghat’s just my opinion(Mick Asguith)

Shell life is now returning

The lake is slowly getting better now that the power house is off, you now can find a live shell in the lake,
they’re only small but when the power house was going you couldn’t find them. You see they had to kil
the barnacles; well by killing the barnacles they killed everything €idéck Asquith)
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9 Waterbirds

The Tuggerah Lakes and surrounding wetlands support an abundant and diverse population of
waterbirds. Some of the highlights described by Miller and Ruello (1978), Morris (1992, 1997, pers.
comm.) and Wettin (1981) are;

Miller and Ruello (1978) recorded 69 species of waterbirds in the Tuggerah Lakes and surrounding
freshwater wetlands during four surveys between March and December 1977. Thisincluded alarge
population of waterfowl possibly due to a drought ininland NSW which drove many nomadic
speciesto the coast. The mudflats on the eastern side of Budgewoi Lake were considered the single
most important area for waterbird feeding in the Tuggerah Lakes system. Other important areas
identified were Terilbah Island and surrounding mudflats, Chittaway Bay and Chittaway Point, and
the freshwater rivers and wetlands around the lakes.

About 2500 black swan come to the lakes each summer for post breeding moult and to feed on the
seagrass beds when the smaller coastal and larger inland wetlands have dried out, particularly in dry
years. Maximum number recorded is 3234 in December 1996. Favourite sites for the black swan are
the sand flat on the east side of Budgewoi Lake, Tuggerah Bay and Chittaway Bay.

Thelakes are a nationally important site for waders with about 2000 spending each summer there. In
the drought summer of 1991/92 between 7,000 and 8,000 waders were present. The usua wader
population consists of 300 bar-tailed godwit, 500 sharp-tailed sandpiper, 300 red-necked stint, 300
curlew sandpiper, 100 knot, 50 greenshank, 20 marsh sandpiper, 250 black-winged stilt, 50 Pacific
golden plover, 120 masked lapwing, 40 red-capped plover, and 30 double-banded plover. The sand
flat on the east side of Budgewoi Lake is afavourite site for waders since it is shallow (generally
between 0-30cm depth) and has a good supply of benthic organisms in the sand/mud sediment.
Another favourite site is the tidal sandflats at Picnic Point and around Terilbah Island. Many of the
waders are migratory, and in autumn they leave the lakes to start their trip to the northern
hemisphere.

L ess common waders that are seen around the lakes include terek sandpiper, black-tailed godwit,
grey plover and great knot.

About 2500 chestnut teal gather on the lake each year in late summer and autumn for moulting and
pair formation. The sandflat on the east side of Budgewoi Lakeis apopular site for them.

About 300 Austraian pelican are resident on the lakes and nest to the south in a colony located in
Blackall Bay, Brisbane Water.

Cormorants are abundant near The Entrance where they can be seen diving under the water in their
search for fish and crustaceans. Three species are common, the black, little black and little pied
cormorant, while the pied cormorant isless common. In September 1996, 544 black cormorants
were observed on the lakes. Cormorants and small numbers of darters breed in the Colongra wetland

Black bittern are arare breeding resident along the streams that feed the lakes, and striated heron are
moderately common and can be observed in the casuarina groves that border the lake.

About 25 pairs of little egret have nested annually at Chittaway Point since 1982.

Hoary-headed grebe are an uncommon visitor and small nhumbers have been seen at Colongra L ake,
Tuggerah Bay and off Canton Beach.

White-breasted sea-eagle and whistling kite are common and nest around the lakes.
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Figure 36. Waterbird sites
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It is clear from historical records that the Tuggerah Lakes have always supported an abundance of
waterbirds and this was an attraction for hunters. Fishermen on the other hand, saw the fish-eating
waterbirds as pests and in the early 1900s the local fishing inspector was attempting to reduce the
cormorant population by shooting them.

There is however, anecdotal evidence that some changesin species composition have occurred over the
last 60-70 years. These changes include;

- A declinein the abundance of the musk duck. A number of the older residents who were interviewed
could recall seeing musk duck on all three lakes, particularly Lake Munmorah (Scott 1998). Musk
duck are now only seen in very small numbers on ColongraLake. Morris (pers. comm.) suggested
that the presence of musk duck was possibly linked to the closing of the lakes to the sea, which isno
longer alowed to happen. When the entrance were closed off, the salinity of the lakes could remain
low for many months, or even years, and this allowed the abundance of bivalve molluscsto increase,
which are afavourite food of the musk duck.

- Anincrease in abundance of wood duck (or maned duck), probably associated with the increase in
lawns and parks in suburban areas, where these duck can graze. A newspaper report in 1867 said
“The wood duck isa very rare bird with us, as | expected it to be. | can only find one person who has
seen any specimens at Tuggarah.”

- In 1842, John Mann attended a corroboree at the mouth of Wyong Creek and detuzibledk
swans; their nests built in the water of sticks were dotted over the whole of the shallow beaches of the
lake. Every nest contained several eggs, and we each colleted as many as we could conveniently
carry.” A number of other historical references and anecdotal accounts mention black swans nesting
in wetlands around the Tuggerah Lakes (Scott 1999, Scott 1998). Although black swan do still breed
in wetlands surrounding the Tuggerah Lakes, it is now only in small numbers.

- Littleternsformerly nested at Budgewoi and The Entrance (Morris 1992, Scott 1998), but while
about 10 breeding pairs seem to be present each summer, no breeding takes place. By late summer
up to 120 little terns gather at The Entrance, before departing in late April.

- A possible decline in the abundance of the jabiru (black-necked stork). In 1867 it was reported that
“jabirus are not uncommon at Tuggarah. | aminformed that it is seldom a sportsman goes out for a
days shooting without seeing soméNew South Walesis at the southern extent of this species
distribution, however the draining of wetlands, flood mitigation and urban development along the
coast have probably reduced the population to its present low level (Dodkin 1983). A pair of black-
necked stork are still occasionally sighted on the western side of Tuggerah Lakes and in the
freshwater wetlands along Wyong Creek. They were |ast recorded in 1995.

- Disappearance of the brolga. In 1867 it was reported that “In the swamps an occasional native
companion is seen, but, they are a rare bird with us. It is a very shy bird. Itis more like the English
crane than most birds which we call cranes here, but larger than the European bird. The general
colour is light slate blue, with a red cere and a bare head; they are nearly as tall as the jabiru”.
Populations of brolgas have declined markedly throughout southern Australia since European
settlement although the speciesis still common in its northern range (Blackman 1983).

For many other species, it is difficult to determine whether there has been a decrease or increase,
particularly when there are large natural fluctuations associated with flood and drought conditions. It is
clear however, that the Tuggerah Lakes continue to support alarge and diverse community of waterbirds
and are an important site along the NSW coast.

Shallow coastal estuaries such as the Tuggerah Lakes not only provide an important refuge for waterbirds
escaping inland droughts, but are also an important resting and feeding site for migratory waders. In
addition, the lakes and surrounding wetlands provide a feeding and breeding site for avariety of resident
waterbirds.
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The most important issue for the conservation of waterbirds around the Tuggerah Lakesisthe
preservation of habitat. Thisincludes the mudflats and shallow sandbars around the edges of the lakes,
such as the large sand bar on the east side of Budgewoi Lake, Tuggerah Bay on the west side of Tuggerah
Lake and the shallow waters around Terilbah Island at The Entrance. Dredging of these shallow areas
should be avoided. Other important waterbird habitat includes the wetlands surrounding the lakes, and
riparian vegetation along the edges of lake.

Lake covered with swans and other fowls - 1884

On the Great Northern Line- Gosford to Newcastle; Tuggerah Beach Lake isan estuary or inlet of the
sea, and at the time of our artist’s visit the entranceto it on the sea coast was blocked with sand, and the
road from Ourimbah Creek to Tumbi Umbi was completely under water. The lake isliterally covered
with black swans and other fowls. (Town and Country Journal 2nd February, 1884)

The ravages of waterbirds on small fish - 1890

| am, however, much impressed with the importance of Lake Budgewoi as a breeding ground and
nursery; it contains extensive flats, on which food exists in abundance. Theseflats are so mercilessly
hauled by fishermen that future fish supply will assuredly suffer, as also it will suffer from the ravages of
water birds, which collect on themin immense flocks.

Some part at least of these flats ought to be closed against the use of fishing nets, and an effort should be
made to destroy or drive away the birds. It would be scarcely consistent to close the flats against netters,
and yet allow these voracious pests to remain unmoleste@890.Fisheries Annua Report)

“In my young days there were millions of birds” — early"2@ntury

To the west of "the big plain” is a low-lying area which includes the new Killarney Vale shopping centre.
My father told me once that back in the last century, perhaps a hundred years ago, and certainly before
my time, the entrance to the ocean was blocked (and this has happened many times) and big floods in the
Yarramalong and Dooralong and Ourimbah Creek valleys had raised the waters of the lakes to unheard-
of heights. The waters poured into the lake and there was nowhere for them to go but to spill over into
the low-lying grounds along the foreshores. All that land where the shopping centre is now and right out
to the hills to the south was submerged in big swamps which were there for many months and swans
made their nests there.

In my young days there were millions of birds - swans, pelicans, cormorants and ducks - on the lake
which in places was black with them. | have seen swans massed there for as far as the eye could see. |
have heard that on the middle lake there was once great numbers of redbills. | can remember when there
was four pence a head bounty on cormorants, or shags as some people call them. They were eating so
many fish, they were treated as pests. People went in with guns and shot great numbers of the birds or
frightened them away. Very few remain no(emoirs of Raymond Taylor of The Entrance, born

1892. From Stinson, vol 1, 1979)

A visit to the Tuggerah Lakes (NSW) - 1904

Waterfowl were plentiful, especially the Black Swan (Chenopis atrata), which were congregated in
thousands on the weedy shallows, where an abundance of food is procurable. Several species of
Cormorants were seen, including the Black (Phalacrocorax carbo), Pied (P. hypoleaamiit)e Little
Cormorant (P. melanoleucus). The Silver Gull (Larus novae-hollandiaegd the scene with its

silvery plumage, while Black Duck (Anas superciliosa) and the Grey Teal (Nettion gibberivaras)

fairly plentiful. Up a sluggish and brackish river that empties itself into the lake the Darter (Plotus
novae-hollandiae) was seen; while here and there along the banks Blue Kingfishers (Alycone azurea)
would dart along like flashes of light in the rays of the sun, or the more stately Sacred Kingfisher
(Halycon sanctus) could be seen perched on a dry tree near the water. .... Far aloft the wedge-tailed
eagle (Aquila audax) soared in circles out of harms way, and further on a pair of White-bellied Sea-
eagles (Haliaetus leucogaster) was seen.
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A morning spent near the lake’s edge gave opportunity of seeing a few shore birds, and several Sharp-
tailed Stints (Heteropygia acuminata) were secured. The Curlew (Numenius cyasmpdd)e seen

wading in the shallows, while a White-fronted Heron (Notophoyx novae-hollandiae) was perched on a
neighbouring dry tree. A few Spur-winged Plovers (Lobivanellus lobatus) gave their warning cry, which
every sportsman well knows, often to his cost. Some Silver Gulls (Larus novae-hollandiae) were floating
on the wing just above the salt water. Over the open flats between the lake and timbered country a
Spotted Harrier (Circus assimilis) soared in search of prey, and the innocent little Nankeen Kestrel
(Tinnunculus cenchroides) hovered in the air over a mouse or other titbit ere it descended to carry it off.
Here too the Swallow (Hirundo neoxena) swept the surface of the pools and chased the gnats, that were
plentiful. ..(The Emu, Official Journal of the Australian Ornithologists Union, Vol 5, pages 1-6, July

1905.)

McPherson’s Brush — breeding in the swamps

The heavily timbered area to the west of Tuggerah Straight was known as McPherson’s Brush. This
brush was largely swampy and a breeding ground for a great number of waterbirds - wild ducks,
redbills, swans, egrets and the lik&tinson, vol 5, 1984)

Less swans but still a good number

Interviewer; Do you remember in the 1920s and 1930s lots of swans in these lakes?

Peter; Yes, there always were, and there still are, but not as many now. We lived directly opposite the
big flat at Terilbah Island, that has been dredged away now. You used to hear them calling all
night. The swans used to nest in Wyong Bay.

Interviewer; So you feel that there are less swans about now?

Peter; There are less swans but there is still a good nunfBeter Clifford)

Snipe on Terilbah mud flats

Interviewer; What about waders or snipe?

Peter; They are coming back. They used to be on the mud flats at Terilbah. | have eaten lots of snipe.
There are three or four different types of snipe. We called the little one the Jack Snipe.

Interviewer; So there were lots there in the 20s and 30s?

Peter; Heaps, then they disappeared for a while because they were shot, and now they are coming back.
(Peter Clifford)

Hunting waterbirds

We’'d have swan for Xmas dinner because it was all we could afford. We’d clean him, pluck him and
then boil him. When he was nice and soft we'd shove him in with the ‘taties’ and bake him. That’s all we
lived on, birds; pigeons, whatever we could shoot, legal or(tlizabeth Denniss)

Musk ducks

We’d see therfmusk ducks) often, they were mainly in Top Lake but you'd see them in the other lakes
too. You might see half a dozen or so. They mainly bred up in Colongra swamp, but that's another
thing, when the power house was built they filled most of the swan{Miick Asquith)

Waterbirds on Budgewoi Lake

Behind where théToukley) golf club is now, was a wonderful swamp, and you could always get wild

duck, such as black duck and teal, and flock pigeons also. When there was a dry season in the west, they
used to come here in the summer, thousands of ducks, swans and coot would turn up on the ‘Big Sand'.

It was nothing to see thousands of ducks up there. The main ones were the black duck and teal, there
weren’'t many wood ducks around in the early years. And in February, when we were kids, it used to be
great because the jack snipe used to come in, the ones that migrate from Japan and Siberia, they used to
come here in great numbers, up on the big sand. In the last couple of years | saw a few out&tle here

Peel St). (Bill Hansen)
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10 Other impacts

There are a number of other ecological impacts and issues that have not been fully addressed in this
report, but nonetheless should be carefully assessed when devel oping a management plan for the lakes.
These include;

»  Water extraction from Wyong and Ourimbah Creeks for drinking water. Indry years (such asin
1993 and 1994) almost all water flowing down the Ourimbah Creek and Wyong River are extracted
for drinking water purposes (WSC 1997). This reduces the flushing and dilution effects of the
freshwater flow entering the lakes during drought times. However, water extraction has little effect
in wet years when annual flows are an order of magnitude higher (see Table 11).

* Industria and agricultura pollution other than nutrients. Thisincludes heavy metals and pesticides
and faecal coliforms. One source of heavy metals was the Munmorah Power Station, but other
sources such as urban and industrial runoff should also be considered. Pesticides can aso bea
concern, athough water quality monitoring in the rivers and streams has so far indicated that
pesticide contamination is minor.

e Acid sulphate. Problems were encountered during the Lakes Restoration Project in the early 1990s
when large quantities of sediment were removed from the shallow nearshore sections of the lake and
exposed to the air when piled up along the shore line (Sutas 1996, L eonard 1995).

*  Mine subsidence along the lake shores and in the middle of lakes. These problems are associated
with Lake Munmorah and Budgewoi Lake, in particular near Buff Point and aong the shore line near
Colongra Swamp.

e Lossof native riparian vegetation around the foreshores due to clearing for housing developments
and parkland, and also due to the spread of weeds.

» Dredging associated with the Lakes Restoration Project. Dredging of shallow sand and mudflats
improves the recreational amenity of the lakes but can destroy weed beds that are nursery areas for
young fish and can also eliminate habitat for waterbirds, in particular the waders.

» Disturbance of lake bed by hauling and trawling (or snigging) of fishing nets. This could lead to
damage to seagrass beds and re-suspension of muds.

Tablel1l River flowsand water extraction in Wyong Shire

Year Ourimbah Water % of total | Wyong R Transfers, Water % of total
Ck (ML) extraction | water and Jilliby | Mangrove extraction water

Ourimbah | available | Ck Daminto fromWyong | available
Ck (ML) (ML) Wyong R. R.

1989 | 46,276 n.a - 192167 n.a. n.a -

1990 | 93,195 n.a - 360,182 n.a n.a. -

1991 | 6,338 3,520 55 19,979 n.a 7,318 37

1992 34,584 6,316 18 77,125 n.a 12,912 17

1993 | 4,374 3,573 82 13,327 1,119 12,376 93

1994 | 2,307 1,350 58 14,265 5,903 15,571 109

1995 | 10,853 3,475 32 29,242 1,317 19,105 65

Note; The transfers from Mangrove Dam are included in the flow data for Wyong River
(All data from WSC 1997)
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11 Conclusions

Collecting historical information

One of the problems facing the managers of the Tuggerah Lakes was the lack of scientific datathat could
provide an indication of what the lakes were like in pre-development times. To overcome this problem,
historical information was collected which provided qualitative descriptions of the lakes over the last 50
to 150 years. Thisinformation was collected from historical documents, old newspapers and by
interviewing residents who have lived in the areafor up to 90 years. By combining this information with
more recent scientific studies, a better understanding of long term ecological changes has been obtained.

The historical information that was collected consists mostly of passing comments and observations from
avariety of people, including professional fishermen, fishing inspectors, local residents, Council
employees and occasionaly from professional scientists or naturalists. One cannot expect all these
observations to be completdy consistent due to different perceptions and observational skills, and also
due to the large natural variability of the lakes both over time and at different locations. However,
despite this, there were many topics for which most of the information collected was similar, and overdl,
agreat deal of consistency was obtained. This has provided some valuabl e information about the past
ecology of the Tuggerah Lakes and has enabled a picture to be constructed of what the lakes were like
when the impact of European settlement was still minimal.

Pressures and impacts
The evidence collected suggests that European settlement has placed a number of pressures on the
ecology of the lakes, including;

» Rapid urban development around the lakes, with associated problems with sewage and stormwater
disposal.

e Operation of acoal-fired power station which used lake water for cooling purposes

e Land clearing and logging of the upper catchment, and resulting erosion problems

» Dredging of the entrance channel to reduce flooding and maintain a permanent opening

e Commercia and recreational fishing and prawning

These pressures have impacted on the lake ecology in many ways, some more obvious than others. The
most noticeable long term impacts are:

* Increased nutrient concentrationsin water and sediment, particularly in the nearshore zone,

* Increase in abundance of macroalgae in the nearshore zone,

e Lossof seagrassin the centre of the lakes, particularly Ruppia megacarpa,

* Increased levels of organic ooze (and associated smells) in nearshore zone,

» Possible decrease in abundance of some species of fish and prawns,

» Lossof riparian vegetation and reclamation of surrounding wetlands,

e Decreasein abundance of jellyfish in the lakes,

e A reduction in the natural variation of 1ake parameters (such as salinity and water level) dueto the
policy of maintaining a permanently open entrance channe!;

* Increased sedimentation, particularly near stormwater drains.

The pressures and impacts for the Tuggerah Lakes are very similar to those being experienced by other
estuarine lakes along the NSW coast, in particular Lake Macquarie near Newcastle and Lake lllawarra
near Wollongong.

Recent changes in pressures and impacts

In recent years two of the pressures on the ecology of the lakes have been greatly reduced. In thelate
1980s and early 1990s the sewerage scheme for the Shire was completed, and this has virtually
eliminated one of the major sources of nutrientsto the lakes. Secondly, the Munmorah Power Station
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greatly reduced its operation in the mid 1990s and this returns the circulation patterns and water
temperature of two northern lakes to their natural condition.

It has also become apparent that the ‘health’ of the lakes might have been slowly improving over the last
four to five years. The growth of macroalgae in the nearshore zone, for instance, seems to have declined,
and professional fishermen are starting to report increases in the abundance of the greasyback prawn.
However, these anecdotal reports need to be tested by scientific monitoring of the lakes’ ecology over a
number of years to confirm that they are in fact a long term change rather than just part of a natural
fluctuation in the system.

On a less positive note, is the ever expanding urban development around the lakes and the increasing
quantities of sediment, nutrients and other pollutants associated with the runoff from these areas. Urban
development is also accelerating the loss of riparian vegetation and reclamation of wetlands around the
lakes. Controlling the impacts of urban development is probably the greatest challenge for those
managing the Tuggerah Lakes.

Linking pressures with impacts

When attempting to link the major pressures on the system with observed changes in lake ecology, great
care needs to be taken. Unless there is a very strong direct link between a particular pressure and how a
part of the ecosystem operates, it can be a difficult task due to the extreme complexity of the ecological
processes operating in the lake and the possibility of indirect secondary impacts going unnoticed. For the
Tuggerah Lakes (and many other estuarine lakes along the NSW coast) this is further complicated by the
high number of different pressures acting on the ecosystem at the same time. In addition, the natural
variability of the system, over time periods of years and sometimes even decades, can make it difficult to
determine what are natural fluctuations in the lake ecology and what are anthropogenic impacts.

However, by improving our understanding of the ecology, both in present times and in pre-European
times, it should be possible to make more informed assessments of how the system has changed. This in
turn should provide a better framework for the environmental management of the lakes, and assist with
efforts to restore the lakes to a state closer to its original condition.

The value of collecting historical information

This study also demonstrates the value of using historical information to develop a better understanding
of ecological systems such as the Tuggerah Lakes. Without this historical information, a long term
perspective would be difficult to obtain. For many ecosystems, the natural fluctuations associated with
long term weather patterns (such as the El Nino effect) can be in the order of 5 to 20 years and yet many
scientific studies only cover one or two years. Also, for the Tuggerah Lakes, virtually all scientific
studies have occurred since the early 1960s and there are few scientific records prior to this time. To
develop a better understanding of the ecology before that date, the historical records were found to be a
very useful source of information. It is hoped that further ecological studies will utilise this valuable
source of information.
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Appendix 1 Some notes on calculating nutrient loads

Nutrients from the upper catchment
This was estimated using typical nutrient export data for each land use and was based on information from
Garofalow (1998) and Wyong Shire State Of Environment Report 1996/97.

Land use Area (ha) P (kg/ha.yr) Total P (kg/yr) N (kg/ha.yr) Total N (kg/yr)
Forestry 30,000 0.4 12 15 45

Extensive 36,000 0.3 11 3 108
agriculture

Intensive 950 5 5 10 10

agriculture

Tota 28,000 163,000

Using flow rates and water quality data collected from Wyong River and Ourimbah Creek in 1989/90 Boake (1991)
calculated atotal P load of 10-20 tonnes/yr and an N load of 50-100 tonnes/yr.

Estimating runoff from lower catchment including urban areas
This was estimated using typical nutrient export data for each land use and was based on information from
Garofalow (1998).

Land use Area (ha) P (kg/ha.yr) Total P (kg/yr) N (kg/ha.yr) Total N (kg/yr)
Residential 3,450 15 5,100 7.5 25,900
Industrial/ 1,100 3 3,300 8 8,800
commercial

National Park 2,400 0.1 240 1 2,400

Other (parks, 8,300 0.6 5,000 4 33,200

golf courses,

rura residential,

bushland

total 13,600 70,300

Estimating wet and dry deposition of nutrients from atmosphere.

Nitrogen oxides (NOx) can be deposited either as wet deposition (dissolved in rain) or as dry deposition (attached to
dust). Thisincludes both natural and anthropogenic sources. The main anthropogenic sources are power stations
that burn fossil fuels, factories and motor cars.

It has been estimated that 25% of the total nitrogen entering Chesapeake Bay, USA is derived from atmospheric
nitrogen oxides. In New Y ork-New Jersey Harbour it was estimated to be 38% and in Tampa Bay 28% (USEPA
Office of Water web site 1999). In Port Phillip Bay, Victoria, atmospheric sources contributed between 10 and 20%
of total nitrogen input (Harris et al 1996).

Bridgman et al (1988) found that rainfall acidity levels (caused by sulphide and NOx emissions) in the Hunter
Valley were only slightly above background levels and significantly lower than those for north-eastern USA. This
indicates that for the Tuggerah Lakes, the bulk of NOx deposited from the atmosphere is from natural sources rather
than anthropogenic emissions.

They measured NOX in precipitation; and the average near the coast was 0.08 mg/L Nox-N

Thedirect input to the Tuggerah Lakesistherefore = (1.2mrainfal) * 0.08 mg/L * 77 sq km lake area
=9.24*10" L * 0.08 mg/L = 7.3 tonnes per year.

Jaworski et al (1995) increased their wet deposition figures by 40% to account for dry deposition. Therefore the
total NOx deposition directly onto the Tuggerah Lakes is estimated to be 10 tonnes/yr.

Thisfigure islower than that calculated by Garofalow (1998) of 40.5 tonnes total nitrogen.
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Thereisalso indirect input viarain falling on the catchment. Assuming 15% of rainfall ends up as runoff, and
average rainfall in catchment is 1200 mm, the indirect input from wet depositionis 9 tonnes/yr, and the total (both
wet and dry deposition) is 13 tonnes/yr.

Hence the total NOx-N entering the Tuggerah Lakes either directly from the atmosphere or via deposition followed
by runoff from the catchment, is estimated to be 23 tonnes/yr.

The deposition of phosphorusisless significant and is primarily in the form of dust particles. Garofalow (1998)

estimated that 1.9 tonneg/yr of total phosphorus were deposited directly onto the Tuggerah Lakes from the
atmosphere.
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