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If you come up the coast by sea, you get not so 

much as a glimpse of Lost Haven; only the Zong, blaz

ing beach, ZoriJ, dark scPUb, and, blwu1ering up, 

monopolizing the westeI'n sky, a big, log-backed 

mountain. 

..•..•. Mount Ahruham, amateUI' geoZogists maintain, came 

up spitting bI'imstone fI'Om the bottom of the sea, after 

supping out of the devil's long spoon . ....... nowadays, 

Ahruham is baI'red off fI'Om the sea, left wallowing 

in the warm shadows of salt lagoons. 

For mi les and mi les around Ahruham the land is 

confused by water, mud, mangroves, old oyster-leases, 

sand-bars and stretches that hardly know whether they 

ar~ swamp or moor. Like a pair of bulbous, blue water

wings, two lakes encircle the bulk of the mountain. 

On one side is LimebuI'ners' where the "0 ld hands" 

used to pound oyster-shells for lime; on the other, 

Left-hand Lake. Around their shores the smoke

coloured forests of black-butt stretch impenetrable 

and monotonous. The Lost River runs into left-hand· 

lake and loses its way. It struggles and twists about 

between the sand-bars until it arrives in the deep, 

eurved channel known as Abruham's Bosom; and here, 

under the mountain's flipper, is snuggled the town of 

Lost Haven. 

Leaving Lost Haven the Lost River wanders towards 

the sea until it reaches the mile-long breakwater 

which conducts it straitly to the sUI'f-beaten bar. 

Kylie Tennant, 1968. 
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The Coastal Protection Act of 1979 established the Coastal 

Council of N.S.W. The Coastal Council has, as its primary functions:-

a) The protection and maintenance and, where practicable 

the enhancement and restoration of the environment of the 

coastal region and its natural and man-made resources; 

b) The orderly and balanced utilization and conservation 

of the coastal region and its resources, having regard 

to the financial resources of the State and the social and 

economic needs of the people of the State. 

The need for fulfilment of these functions provides impetus for 

the establ ishment of a overview approach to the environmental management 

of the coastal region of NSW. In March 1980, through the University of New 

England the present project was initiated. The project has as its 

principle objective, the definition and application of a methodology 

for coastal region environmental assessment and management. 

During 1980 the project developed through discussions with other 

research workers, the collection of available data on the Camden Haven 

catchment and the establishment of a field work program. In January 1981, 

a research grant was obtained from the Coastal Council of NSW. This 

grant enabled the purchase of necessary equipment and instruments to 

complete the field work program. The provision of the grant is gratefully 

acknowledged. Field work for the project was completed late December, 

1981. 

The results of the project together with a defined methodology for 

coastal region environmental assessment and management are presented 

within four technical reports. Regionally, the water catchment is the 

most logical unit for the assessment and management of coastal lands 

and waters. Technical Report 1 details the catchment approach to land 

use planning and management. Land areas of the Camden Haven catchment 

are mapped within land systems and units applicable to the establishment· 

of use allocation and management guidelines. 

Central to the catchment approach is the estuarine area. Technical 

Report 2 examines the physical and biological characteristics of the 

Camden Haven estuary. This report details both the natural resources 

of the estuary as are presently exhibited and the historical changes to 

the estuary as a result of man's interaction with the coastal region 

envi ronment. 

To attain the future protection and maintenance of environmental 
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quality within the coastal region monitoring and management of man's 

present and future actions is essential. The est~arine area provides the 

central unit for this monitoring. Technical Report 3 details present 

water quality within the Camden Haven estuary. 

Man's dependence on the estuarine area provides one rationale for 

the establishment of coastal region management guidelines. Man's 

actions within the coastal region manifest themselves through varied 

impacts upon the estuarine environment. Final expression of impacts is 

biological. Technical Report 4 details both man's dependence (the 

oyster growing and fishing indu5tries) and, man's sum total ecological 

impact {estuarine condition, through analysis of individual and community 

structure}. 

In summary, four technical reports have resulted from this inves-

tigation of one coastal catchment. The four Technical Reports are entitled:
\G~ 

Technical Report I: Land systems and use within the Camden Haven 

catchment. 

Technical Report 2: Physical and biological aspects of the 

Camden Haven estuary. 

Technical Report 3: Water quality within the Camden Haven. 

Technical Report 4: Fishing and Oystering within the Camden Haven 

Associated with these technical reports are a series of recommend

ations pertaining to the formulation of specific policies for the coastal 

region, and where necessary, recommendations for further research of specific 

problems. These recommendations may lead to the establ ishment of policies 

that mayor should be adopted by the Government and publ ic authorities 

concerning the planning and management of the coastal region. 

To satisfy the primary objective of this study a methodology for 

coastal region environmental assessment and management is detailed. 

This methodology is based upon the catchment approach to land use 

planning and the utilization of available data. Th~'available data ~~ 
collected by a number of Government authorities. Adoption of the 

methodology would assist the coordination of the pol icies and activities 

of the Government and public authorities relating to the coastal region. 

Methodology detail, concluding comments and specific recommendations 

will be withheld until the completion of the four technical reports. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

During the course of the project many people, organizations and 

government bodies gave their time, assistance and knowledge. Among those 

that come foremost to mind are:-

Forestry Commission - Kendall District 

Public Works Department - Coffs Harbour, Sydney 

Water Resources Commission of NSW - Armidale, Sydney. 

Soil Conservation Service - Kempsey, Sydney. 

National Parks and Wildlife Service - Taree 

N.S.W. State Fisheries - Taree, Sydney 

Health Commission of NSW - Lismore, Port Macquarie 

Hastings Municipal Council. 

Laurieton Fishing Coop. 

Camden Haven Oyster Growers Assoc. 
Faculty of Resource Management, University of New England. 

During the field work for the project assistance and expertise were 

provided by Gethin Morgan (Aerial photograph interpretation), John Urquhart 

(Physical chemistry), Roger Buttermore (Benthos) and Reginald Dog 

(general assistance). John Duggin and Steve Perrens of the University 

of New England supervised the project. 

To. all of the above, and to any I have inadvertently forgotten to 

mention, thank you. 

Col in Creighton, 1982. 
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I-I I NTRODUCTORY COMMENTS 

Cronin (1967) discussing the role of man in estuarine environments 

stated: 

Man's past effects on estuaries have been poorly and incompletely 

planned, unimaginative, and frequently destructive. In view of the 

many important uses served by these waters, and the size of the growing 

pressures on them, it is imperative that a new major force be utilized 

-z-n the future - the force of intelligent management. " 

Within N.S.W. change from circumstances similar to that described 

by Cronin has been slow. Man's actions within the coastal region 

affecdng estuaries and shorel ines are often poorly and incompletely 

planned. Often action is taken with no regard to the consequences. 

Decisions have generally been made subjectively without the benefit of 

adequate scientific knowledge. This lack of planning and subsequent 

results can be attributed in part to the traditionally parochial 

attitude displayed to land use planning and management - management 

in the past being wholly within "the lands of local government 

authorities" (Gilmour, Owen and Collett 1979). In essence, the problem 

of the lack of adequate planning stems from a lack of management 

overview, a lack of institutions for bridging the gap between existing 

knowledge and contemplated action. 

Concern that there is a need for an overview approach, the need 

for State and National policies, whether they be for coastal or 

inland lands is not new. There has been a continual and growing 

awareness of the need to coordinate land use planning, long-term 

conservation programs and a wide spectrum of environmental aspects. 

The House of Representatives Standing Committee on Environment and 

Conservation (1980) consider that this "interrelation is most apparent 

in the coastal zone - where land, sea and air meet." That coastal 

zone management, as it is entitled, should develop within the last 

decade reflects in part the increasing land use conflicts being 

experienced within the co~stal region. Couple this with the inherent 

fragility of coastal ecosystems,the dynamic and aften unstable 

interface between land and water and the problems become apparent. 

This research project was initiated in recognition of the need 

for an overview approach to coastal region land use. The primary 

objective and specific aims of the study have been outlined in the 

general introduction. This technical paper is one of a series 
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detail ing aspects of the research program. Field work for the project 

was carried out in 1980 and 1981. All aspects of the program were 

designed as integral parts of a coastal land use overview, so defin

ing one methodology for the environmental assessment and management 

of the coastal region. Prior to defining the role of water qual ity 

assessment within the bounds of the overall project objectives, 

brief discussion is necessary on general aspects of the project, as 

a frame of reference for this technical paper. 

1-2 ENVIRONMENTAL MANAGEMENT AND WATER CATCHMENTS 

Burton (1979) defined environmental management as being "insepar

able from natural resources management." Both environmental management 

and natural resource management need to be undertaken within the content 

of overall land use planning and management. Burton continues with:

"Effective environmental management depends upon an understanding of, 

and appreciation for, the nature of land-resource-environment inter

actions." A recognition of the nature of land systems, the processes 

which formed them and are presently operating within them provides a 

basis for the effective management of these land systems, and the wise 

utilization of the resources which they provide. 

In general, the most logical regional unit for the management of 

land, land based natural resources and environmental quality is the 

river basin or catchment area. The hydrologic system of ocean, 

estuaries and coastal catchments serves to bind the coastal region into 

a close network of ecological relationships. Within coastal catchments 

delineation may be made between upper catchment and lower catchment. 

This delineation is usually based on the land's position with respect 

to water flow. The upper catchment involves those lands associated 

with unidirectional flow of fresh water. The lower catchment includes 

. those land areas associated with the estuaries section of the river, 

where tidal flows predominate. In actuality ther'e is an abrupt 

discontinuity between coastal and noncoastal systems. These two 

major systems are composed of mappable environments, each with its own 

distinctive suite of biologic, geologic, topographic/bathymetric, and 

process characteristics. Coastal environments are defined and sustained 

by processes, materials, or biota derived directly from coastal 

waters, whereas in noncoastal environments there is no such direct 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8. 

sustaining influence by the coastal ecosystems. 

Ecologically, systems analyses defines how the natural system 

operates as a catchment through description of the storages, inter

linkages, control systems and flow pathways of materials, biota and 

energy. (Odum, H.T., 1967, 1971; Odum, E.P., 1971). The centre of 

such ecological analysis is the river. Of predominant importance to 

this study is the estuarine area. Sorenson (1974) on the subject of 

planning within the coastal region and the role of estuaries stated:-

"The planning regimes that have formed around es tuanes 

are a recognition of their naturaZ unity. Estuanes, because 

of their naturaZ encZosure, do exhibit stronger geophysicaZ 

hydroZogic and ecoZogic reZations between use and the resource 

base than an open coastaZ environment. AZso, the bounded 

geographic setting wouZd appear to give estuaries a stronger 

image as a pZannabZe unit than a continuous strip of 

coastZine." 

The catchment approach to land use planning has been adapted and 

developed within the scope of this project. This catchment approach 

provides for the orderly and balanced utilization and conservation 

of the coastal region and its resources. Central to the catchment 

approach is the estuarine area. To attain the protection and maintennance 

of environmental qual ity within the coastal region monitoring and 

management of man's impacts is essential. The estuarine area provides 

the central unit for such monitoring. Man's dependence upon the estuarine 

area provides the rationale for management. Further detail of these 

concepts together with the delineation of upper and lower catchment areas 

is contained within Technical Report No.1. 

1-3: WATER CATCHMENTS AND LAND USE 

In many ways the assemblage of characteristics of a river summarizes 

not only the geology and geography of its basin, but also its development 

for human affairs. The Camden Haven and Stewarts rivers and surrounding 

catchment are no exception. Water has been and still is the most 

important physical factor influencing the land use patterns within the 

catchment. Historically development centred on the use of the river 

for transport. The township of Laurieton was the area's port for 

coastal steamer trade. The townships of Johns River and Kendall are 
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at the navigable limits and hence,almost the tidal limits of the 

Stewarts and Camden Haven rivers. This pattern is replicated through

out the catchments of the coast of NSW. 

Within the Camden Haven catchment, as within other NSW coastal catch

ments, this pattern of development or, of land use, replicates not 

only early transport patterns but also the spatial arrangement of 

natural resources around the riverine environment. First to the area 

were the 'cedar-getters' who came by boat to take advantage of the red 

cedar which grew along the upriver sections of the Camden Haven and 

Stewarts rivers. By the 1880's migrants or free settlers were arriving 

by steamer to foster the agricultural development of the Camden Haven. 

Agriculturally the land areas associated with the various sectors of 

the rivers provide differing capabilities and constraints for cropping, 

grazing and irrigation. First areas settled were the rich river flats 

which because of the preceeding timber interests (note site qual ity 

plus proximity to river for transport of logs) could soon be converted into 

productive farms. Principal agricultural activity in this period was 

the growing of corn, with, as population increased, the establishment 

of dairy farms. 

By the 1890's men and companies with capital (e.g. Laurie, Dunn 

and Bogan) began to build sawmills and exploit the extensive areas of 

hardwood forests of the catchment. Principal species were blackbutt 

(E. pilularis) flooded gum (E. grandis) and tallowood (E. microcorys). 

Logging proceeded inland from the more accessible river flat areas to 

the hinterland, with transport by river, bullock team and in some 

forests in the early 1900's by tramways. Alfred Sharp (Feature -

Port Macquarie News 1981) describes the timber industry and its reliance 

on river transport during this period:-

" ..... I watched the rapid loading of the two or three ketches 

which were taking in cargoes of timber" at the wharves. I 

also admired the lively way in which the large steam punt 

drawing only 18 inches of water, paddled about with large 

log punts in tow, containing from nine to twelve logs 

each, ranging from three to five feet in diameter, and from 

twenty to fifty feet long. These logs are collected over 

an immense area of magnificent forest lands. 

One branch of the river leads into a pretty lake about 
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three and a half miles in diameter, having several large 

navigahle creeks branching from it, where the steam pWit 

tows up the log PWits to the various landings at which the 

logs brought down by the buUock teams are left to be 

measured and rolled on the punts. 

It is romantic work burrowing up these creeks which are 

so narrow in places that the punters have hard work keeping 

the projecting logs from catching on the trees on the banks : 

the trees often meet overhead and native bears and iguanas 

look down on you as you pass WlMrneath." 
~~~~~~------~ 

Alfred Sharp's sketch of Bibby Brother's Mill, 
Laurieton, looking down the river. 
(Port Macquarie News - 6/4/81) 

This historical land use base of the rivers being both the 

spatial centre of the natural resource pattern of the catchment and 

the centre of transportation was altered with the development of the 

north coast railway, in the period 1911 to 1915. The provision of 

railheads to the established towns at the navigable (and tidal) 1 imits 

of the rivers did however reinforce the position of these towns as the 

centre of commerce for the catchment. Again similar comments are 

applicable to other north coast catchments . 

This distribution of development has altered with recent changes 

in transport patterns, road transport changing the emphasis on 

locational attributes as seen from a riverine perspective. Log punts 

ceased operation in the late 1950's. (Similarly transport of sugar 

I 
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cane on the Clarence, Richmond and Tweed was by river until the 1970's). 

During this same post World War I I period,urbanization of the lower 

catchment areas has increased. Developers and planners have recognized 

the recreational and aesthetic value water provides. Present and 

future growth of urbanized areas is firmly centred on the immediate 

coastal sector - the land areas associated with the lower estuarine and 

ocean beach environments. Towns like Laurieton (or Port Macquarie) are 

now developing at a higher rate than towns like Kendall (or Wauchope). 

Facilities associated with urban environments are also shifting to the 

immediate coastal sector. 

Recognition of these patterns of development emphasizes the 

relevance of the catchment approach to land use planning within the 

coastal region. Recognition of the central role of the estuarine and 

riverine environment in this pattern of development reinforces the 

need of land use planning to account for and incorporate the estuarine 

environment within any plan for the management of the coastal region. 

Further detail on these aspects of land use planning are contained 

within Technical Report No.1. To reinforce these land use planning 

concepts the following section discusses the central role of the 

estuary in the control, monitoring and management of environmental 

quality within the coastal region. 

1-4 CATCHMENTS AND ENVIRONMENTAL QUALITY 

The provision of a map base defining the upper catchment land 

areas and lower catchment land areas also defines those environments 

that both affect and are affected by coastal waters. This is compared 

to those environments (upper catchment) which through some form of 

transport mechanism may affect coastal waters but in turn, are not 

affected by coastal waters. 

Consider an example. Some of the material and energy flows 

that sustain coastal waters and associated coastal lands originate from 

uplands and noncoastal waters. However, these sustaining flows occur 

in one direction only; there are no immediate mutual interactions 

either between uplands or noncoastal waters and systems in the lower 

catchment (coastal waters and lands). Freshwater inflow, vital to 

coastal ecosystems is derived from upland runoff and noncoastal 

stream flow, but ultimate support of uplands by coastal waters occurs 
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only by the circuitous processes of evaporation and transpiration. 

Recognition of these concepts simplifies the assessment of 

environmental impacts within the catchment, particularly as concerns 

coastal region management. Impact on the estuarine area from man and 

his attendant uses of the land can be grouped within two sections:-

Freshwater transferred (upper catchment) 

Estuarine/Coastal (lower catchment.) 

The 'freshwater transferred'impacts are those impacts of land 

uses occurring within the previously del ineated upper catchment which 

over the long term affect the estuarine and coastal environment. Water 

quality and quantity data above the tidal limit is necessary for such 

an analyiis. Impacts within the lower catchment have a direct affect on 

the coastal environment, with these impacts involving direct inter

action between the land units themselves and the estuarine/marine 

environment. Some form of water qual ity testing within the estuarine 

area is necessary to provide the data for this section of the analysis. 

1-5 : 

Figure 1-1: Diagram of relationships of various 
factors influencing fish communities 
(After Welcomme and Henderson, 1976) 

ENVIRONMENTAL QUALITY - THE NATURE OF STRESS. 

Welcomr.~ and Henderson (1976) suggest that the great majority of 

stresses on aquatic systems can be classified within one of the follow-

ing categories:-

. ,. 
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Natural, backgPOund as 'baseline' factors; 

Harvesting of renewable resources, whether opportunistic' 

or carefuUy regulated; 

Loading by plant nutrients, poisons, heat or inert 

suspensoids 

Restructuring morphometrically by damming, shore 

infilling, channelization of major sedimentation; 

Introduction of non-native species or biological 

loading. " 

In the absence of pollution, conditions in estuaries can vary 

considerably. The distribution, seasonality and abundance of epi-

faunal species are dependent on such factors as sal inity, temperature, 

turbidity and water movements. Most of the information available for 

estuarine species population fluctuations, movement and breeding is 

for the predominant commercial species (e.g. Kesteven, 1942; Glaister 

1978). Information available for the Camden Haven on natural stresses 

and resultant effects on estuarine biota is contained within Technical 

Reports No.2 and 4. Technical Report No.2 details the physical and 

biotic characteristics of the estuarine environment. Technical Report 

No.4 investigates the Camden Haven estuarine fishing and oyster 

culture industries. 

Within the estuarine areas of the Camden Haven no non-native 

species are known to be a problem of any magnitude. Restructuring of 

the river is confined to the training walls at the ocean entrance, 

(which also formed Gogleys Lagoon) and channel constriction by causeways 

associated with Stingray Creek Bridge. (Refer to Technical Report No.2). 

Sedimentation is discussed in the same report. 

Loading by plant nutrients, poisons, heat or inert suspensoids is 

a function of man's activities within the catchment. This technical 

report is concerned predominantly with assessing the levels, source and 

impact of such loadings for the Camden Haven estuarine system. 

1-6: ENVIRONMENTAL QUALITY - STRESS APPLICATION 

The loading of the estuarine ecosystem by such as plant nutrients, 

poisons or inert suspenso ids may occur at a defined point or series of 

points. Such a loading is denoted a point source. To monitor an 

estuarine area for point sources of pollution a method must be 
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evolved where suitable data is collected for a large number of sites. 

The estuarine hydrodynamics of mixing, dispersion, fresh water and 

tidal flow must all be related to the method chosen. 

Loading may also occur over a broad front. Non-point sources of 

pollution includes for example, the pollutants derived from agricultural 

land use, dispersed over a wide front and transported to the aquatic 

environment by a number of mechanisms. Figure 1-2 (after Knisel 1978), 

summarizes the evaluation of non-point source pollution. Knisel 

defines the necessary characteristics of a model for the evaluation of 

non-point source pollution as being "simple, physically based, and 

capable of simulating surface and subsurface flow, deep percolation, 

erosion, sediment transport, and dissolved and absorbed chemical 

output from fields under different management practices." 

I "STlCrDU I 
1'''''CT.''.''''4ITIOOI I 

-' 

Figure 1-2: Flow chart of system for evaluating 
non-point-source pollution 
(After Knisel, 1978) 

~ Catchment-wise, non-point pollution has two distinct components. 

For the lower catchment no direct method of measurement of diffuse sources 

of pollutants is available. This is primarily a function of the 

transport mechanisms operating. The complexity of the interaction 

and contribution of runoff, sediment movement and percolation is beyond 

the scope of this project. For example, consider runoff. Runoff is 

that portion of the rainfall that finally appears in surface waters. 

This consists of three types of flow:-

Surface runoff - water that travels over the ground to 

reach a stream. 
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Subsurface runoff - water that has infiltrated the surface 

soil and moved laterally through the upper soil horizons 

toward the stream as shallow saturated flow above the main 

groundwater flow. 

Groundwater runoff - water that has infiltrated the surface 

soil, percolated to the general groundwater table, then 

moved laterally to reappear in streams. 

Knowledge of the relative volumetric proportions of these three types 

of flow is not available, let alone knowledge of the contaminants 

transported by such flows. Monitoring of non-point source pollution 

for the lower catchment must rely upon the monitoring of specific 

physical or biotic characteristics within the estuary in an attempt 

to determine the overall estuarine condition. Estuarine hydrodynamics, 

the input of point sources and the nature of estuarine resilience 

(Cronin 1967) all complicate such analysis. 

For the upper catchment, while non-point sources of pollution 

may affect the aquatic ecosystems in a manner not easily defined 

(Refer to Figure 1-1), for the estuarine area of the catchment such 

sources can be seen as a agglomerated point source located at the point 

of entry of the fresh water to the estuarine system (i .e. the tidal 1 imit). 

Actual point sources within the upper catchment, if identified can be 

investigated as individual Sources. However, for the purposes of this 

project point sources within the upper catchment are treated as 

part-contributor to the agglomerated 'point source' at the tidal limit. 

To complete this analysis some form of measurement system needs 

to be derived for the various pollutants and their varied affects upon 

the estuarine environment. The generation and application of suitable 

indices is discussed in the following section. 

1-7: STRESS MEASUREMENT AND THE GENERATION OF INDICES. 

The magnitude of stress applied to a system varies. Acute stress 

may occur continuously in which case the system will be largely destroyed. 

If acute stress is applied periodically some recovery may occur between 

acute spells. Chronic stress is non-lethal and permits continued 

functioning of the system, though perhaps in some modified or impaired form. 

Measurement of stress is generally through the appl ication of some 

form of index or series of indices. Indices may be used to provide 
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information on the status of the environment and aquatic resources and 

on the existence of trends. If the purpose is to detect whether man's 

activities are having some effect, then standard basel ines and background 

trends must be taken into consideration and quantitatively evaluated. 

For the purposes of this report the ACMRR/IABO Working Party 

(1976) definition of an index is adopted:-

"An index is taken to be a variable which measures 

the response of a system (a population, community or 

ecosystem) to some stress or stimulus, or which 

measures the stimulus itself." 

For example, consider the outfall from a septic to the estuary (the 

system). A variety of responses (e.g. fish kill, odour, algal bloom) 

may result from the discharge (the stimulus). Various indices or 

measures can be defined to relate observation to a selected response, 

such as fish kill. These indices might be direct (members of dead 

fish, fraction of original population killed). With knowledge of the 

underlying causal processes, indices may be measures of intermediate or 

related factors such as the concentration of dissolved oxygen at 

selected points. Similarly such indices as COD, BOD and col iform 

count may be selected along with measures of the volume of discharge 

to represent the intensity of stimulus. 

No very sophisticated indices will be required to diagnose acute 

continuing stress. Death is easily recognized. It is of more interest 

to determine where the boundaries 1 ie between acute and chronic and 

between chronic and no significant practical effect. Criteria applicable 

to gauge the affect of a stress are a function of the index chosen to 

represent the stress. Selection of appropriate indices precludes the 

establ ishment of criteria. This selection of indices may be regarded 

as a two-stage process. First there is the selection of stimulus -

response factors appropriate to the problem and secondly the selection 

of appropriate measures of these factors. 

1-8: ENVIRONMENTAL QUALITY - METHODS OF EVALUATION 

a) Requirements for Evaluation of Water Quality: The problem of 

pollution in estuaries is concerned with the temporal and spatial 

distribution of contaminants introduced into the estuary and with 

their effect on water quality/biota. These contaminants are in the 
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form of plant nutrients, poisons or inert suspensoids. Once these 

contaminants have entered the estuary, physical and chemical alterations 

commence. Contaminants or pollutants become less concentrated 

through dispersion and reaction with natural elements and biota within 

the estuary. The complexity of these relationships calls for methods 

of assessment that are representative of the physical and biotic 

environmental conditions of an estuary. The discussion in preceeding 

sections has defined the following requirements for any evaluation of 

water qual ity within an estuary:-

• For evaluation of pollutants from the upper catchment, 

the impact can be assumed to occur as a point source located 

at the estuarine tidal limit. 

• For the identification and evaluation of point source 

pollutants within the lower catchment a series of 

monitoring points throughout the estuary is required. 

These monitoring points must provide data appl icable 

• 

to the location of point sources of pollution 

associated with the land use character of the estuarine 

environment. 

For evaluation of non-point source pollutants within the 

lower catchment some fo'rm of estuarine condition assess

ment must occur. It is recognized however that estuarine 

condition is not exclusively a function of non-point 

source pollutants. 

b) The AvaiZabZe Data Constraint: Because the methodology being 

evolved for this project is designed for state-wide application at 

minimal cost and staff committment data appl icable to water qual ity 

evaluation must if possible be readily available. This places a 

constraint on the data requirements. This constraint could be phrased 

as:- Wherever possible, available data is to be utilized to satisfy 

the requirements of the evaluation of water quality within the catchment. 

c) Upper Catchment: Concern for pollution from this source is 

associated with the land use attributes of the upper catchment. For 

the Camden Haven, as for most other coastal catchments within NSW, land 

use in the upper catchment is predominantly agricultural cropping and 

grazing, forestry and associated limited urbanization. (As already 

defined, the historically major towns of a coastal catchment are 
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located below the tidal limit}. Plant nutrients, poisons and inert 

suspensoids with their origin in the upper catchment land areas are 

best evaluated as concentration in discharge of fresh water to the 

estuarine environment. For most coastal catchments in NSW drinking 

water is taken out of the system at a point just above the tidal 1 imit. 

Data is available on water qual ity because of the routine examination of 

the water for its suitability for drinking. This provides sufficient 

information for a preliminary investigation of pollutant levels from 

the upper catchment. Analysis of available data for the Camden Haven 

and its implications for estuarine management are contained within 

Chapter 2. 

d) Point Sources - Lower Catchment: Within the lower catchment of 

the Camden Haven, as for most other coastal catchments in NSW, land' 

use is predominantly urban and agricultural. Industrial development 

in coastal catchments outside of the Sydney - Newcastle - Wollongong 

area is generally associated with the processing of food (e.g.: Sugar 

Refineries, Dairy Coops, Fish Coops, Abatoirs). Point sources of 

contaminants such as nutrients and toxic chemicals may be associated 

with human, animal and food process waste. The Health Commission of 

NSW has recently instigated a survey of oyster contamination throughout 

the oyster producing estuaries of NSW. Contamination has been assessed 

by monitoring oysters from different leases (locations) within each 

estuary. Parameters collected were Total Colony count, Faecal coliforms 

and Escherichia coli (E. coli). These parameters represent bacterial 

population levels and bacterial type. E. coli is associated with human 

or animal waste. Bacterial presence may also be indicative of the 

presence of organics, toxic chemicals and viral pathogens. Oysters, being 

filter feeders are known to concentrate contaminants such as bacteria, 

heavy metals and viral pathogens. Contamination levels within oysters 

are thus greater than those usually experienced within estuarine 

systems. The information so provided is therefore highly suitable for 

the definition of location and the quantification of output of point 

sources of nutrient and toxic chemical pollution within estuaries. 

The appl ication of this available data to the location of point 

sources of pollution within the. estuarine sector of the Camden Haven 

catchment is detailed in Chapter 3. 

e) Diffuse SouY'ces - Lower Catchment: No direct method of measure-
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ment of diffuse sources of pollutants within the lower catchment is 

available. This is primarily a function of the transport mechanisms 

operating. The complexity of the interaction and contribution of run

off, sediment movement and percolation is beyond the scope of this 

project. Monitoring of non-point source pollution must rely upon the 

monitoring of specific physical or biotic characteristics within the 

estuary in an attempt to determine the overall estuarine condition. 

Again it must be emphasized that estuarine condition is not solely 

the domain of non-point source pollutants and their effects. 

Pisano (1976) considers that the problem of control of non

point sources of pollution is possibly equal to or greater than the 

problems caused by point sources. The approach to non-point source 

pollution control is generally based on the concept of "stewardship of 

the land." Further detail on control of non-point source pollution 

is contained within Chapter 2 of this report and Technical Report No. I. 

In terms of the measurement of the effects of non-point source 

pollution, however, it can only be recognized and measured as a 

subset of overall environmental condition of the estuary. 

Within this research project several approaches to the problems 

of monitoring estuarine condition have been used. Within Technical 

Report 4. estuarine condition is evaluated through an examination of 

available data on estuarine fish species, their behaviour and catch 

rates, and, oyster production through as historically-based examination 

of factors affecting their culture. These two analyses represent a 

form of biological monitoring at species and community levels. These 

analyses rely upon the recognition that the impacts of man upon an 

estuarine system are essentially a biological phenomenon. The impacts 

primary expression is upon the estuarine flora and fauna. The 

biota in fact represents an integrated total of the effects of stress 

upon an estuary. Stress is here defined as consisting of all the 

aspects del ineated by Welcorrrne and Henderson (1976) (Section 1-5). 

Both the estuarine fish arid oyster analyses conform with the constraint 

of using available data. 

The approach to estuarine monitoring used within this report is 

based upon an examination of physical parameters of relevance to 

estuarine condition. In assessing the biological consequences of 

discharges to an estuary one of the physical parameters of direct 
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relevance is the oxygen demand of the discharges. Oxygen demand is 

exerted as organic constituents of the discharges are broken down by 

micro-organisms or by chemical reactions. This reduces the oxygen 

content of the receiving waters. Dissolved oxygen and associated 

parameters for the Camden Haven estuary are discussed in Chapter 4. 

This data was collected by a fairly labour intensive field work 

program, so does not conform with the voluntary constraint of the 

utilization of available data. 

1-9: ENVIRONMENTAL QUALlTY- WHAT ARE ACCEPTABLE CRITERIA? 

a) The lack of knowledge: Modern technological societies have tremendous 

capabil ities for transforming ecological systems. A major task of 

environmental management is to ensure avoidance of the adverse 

consequences of such transformations. Environmental management under 

these conditions must be concerned with complex and interrelated 

causes that may have cummulative effects over time. Within Australia 

enormous degrees of ignorance exist concerning the behaviour and 

requirements of estuarine biota, the consequence of ecological impacts 

and the long-term behaviour of the estuarine communities to the changes 

man imposes upon them. Regardless of this lack of knowledge, the need 

to guide man's technological actions responsibly remains. 

Bella (1978) on this subject stated:-

" ... One does not have to understand the comp lex 

interactions wi thin ecosystems in order to produce 

ecological change, but one does have to appreciate 

and understand these complex interactions to some 

degree in order to forsee the consequences. Moreover, 

there are often strong social pressures to avoid 

examining possible consequences that might embarrass 

or conflict with powerful interest or established 

views. " 

From these and similar comments Bella (1978) established that over 

time there exists a difference between abil ity to produce socioecological 

changes and ability to forsee the consequences of the changes. The 

difference Bella denoted as "relative ignorance", maintaining that over 

time this' relative ignorance' is I ikely to remain or even increase. 
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Hence, over time, the ability of man to produce environmental charge 

will increasingly exceed ability to forsee the socioecological con

sequences of such change (Bella, 1974; Bella and Overton, 1973). 

This concept has been denoted the "environmental predicament." 

b) A basis for project assessment: If it is accepted that a 

environmental predicament exists then it must be acknowledged that 

outcomes which were not able to be forseen or appreciated will occur. 

An acceptable environmental strategy under these terms calls for a 

honest recognition of our technological capabi lities and limitations. 

This strategy also calls for a recognition that knowledge of ecology 

and of community behaviour to change wi 11 always be behind our technological. 

ability to create change. 

To transfer this attitude to the establishment of a philosophy of 

environmental management and impact assessment is not simple. One 

attempt at the resolution of these problems is the diversity approach. 

Such an approach calls for an uneven distribution of human influence an 

the environment. This strategy has been recommended for the management 

of estuaries. Oregon, USA has adopted such a approach within the 

framework of the state's coastal zone management legislation. In order 

to ensure diversity among the collection of Oregon estuaries an 

administrative rule classifying Oregon estuaries was adopted by the 

Land Conservation and Development Commission of Oregon in 1977. This 

Commission defined the purpose of the classification as:-

" ... to maintain the variety of benefits provided by 

Oregon's estuaries by assuring that some estuaries will 

remain natural, others will accommodate urban shore 

development but UJill not have major changes within the 

estuary itself and still others will be developed for 

water dependent uses that require major alteration of 

the estuary." 

Practically this diversity approach is only a part solution. The 

concepts of diversity and dedication under such a system are 

but a part solution because of the danger of neglecting one 

estuary or catchment and its natural attributes because another 

estuary or catchment is actively being managed and protected. 

Rationales for the development of one area because of the 
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protection of another area are plentiful. The recently announced 

Yamba Waters development proposal in the Clarence catchment is a 

good example. The anti-development lobby has been repeatedly 

informed that because a National Park (Yurigur) exists adjacent to the 

land area of the proposed development, then intensive development of the 

Government lands reserved for the project is not only acceptable but 

necessary. No recognition is given in this argument of the site's 

fragility, of its basic unsuitabil ity to accommodate the proposed 

development. No recognition is given that the site is composed of a 

one kilometre wide strip of sand dunes and wetlands separating ocean 

from estuary .. (Lake Wooloweyah). 

Similar problems are apparent in the State Pollution Control 

Commission's (NSW) classification of waters. Of the six classification 

prescribed in the Clean Waters Regulations, only Class S (Specially 

Protected Waters) is a truly prohibitive classification. All other five 

classifications allow for the discharge of wastes. All developments that 

are discharging waste are using the environment, in this case the river 

or estuary as an extension of their waste disposal system. If this were 

not true, each development could recycle waste water since its qual ity 

would be equal to that entering the site. Once this simple fact is 

recognized and accepted, the dilemma that remains is the previously 

defined environmental predicament - the lack of knowledge of riverine 

and estuarine ecosystems on which to set standards of "waste acceptability." 

cJ The 'acceptabZe criteria' approach: Class R (Restricted Waters) 

in the SPCC system is the classification usually applied to estuaries. 

The degree of protection of these waters is defined as being:- "appropriate 

to provide satisfactory conditions for the proper protection and 

encouragement of aquatic life and water - associated wildlife." 

(SPCC, undated). This classification is in concurrence with the spec gene

ral policy that pollution is to be regarded as the addition of any 

material foreign to or at a level above the "accepted" condition of 

the water body. This definition of 'acceptable impact' is not possible 

because of two factors. Firstly, the ecological ignorance that exists 

of species behaviour and of community structure and performance under 

stress. Secondly, no model or methodology exists for the successful 

agglomeration of a series of impacts. The cumulative effects of a 

series of sources and of pollutants within an estuary is and wi II 
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remain undefined. 

Consider one specific example. One erroneous application of 

'acceptable impact' principles with a concurrent lack of knowledge of 

species behaviour, is the use of standards relating to the concentration 

of E. coli as excluslve- criteria for viral pathogen presence or absence. 

As Hart (1974) is quick to emphasize, indicators such as E. coli cannot 

serve as a direct means of measuring the presence of pathogens either 

qualitatively or quantitatively, nor can they serve as a means of 

studying the behaviour of pathogens. To set 1 imits on E. coli 

concentration within food is to do simply that.- No relation need exist 

between E. coli concentration and viral pathogen concentration. 

Control of viral pathogens at source is far preferable. This particular 

example is discussed at length in Chapter 3. 

Recognition of the limited application of "accepted impact" 

standards must be incorporated within future regulations. Recognition 

of our technological ability to create change, yet not to be able to for

see the results of such change should influence decision-making. A 

conservative approach to decision-making should be encouraged. Actions 

which cause large-scale irreversible change should be discouraged. In 

all, a broader ecological outlook is required (Odum, 1969; Holling and 

Goldberg, 1971), together with large factors of safety with respect to 

the assimilative and adjustment capacities of ecosystems (Talbot, 1977). 

Further, decisions, policies and behaviours which do not demand of the 

future ever accelerating degrees of technological control, dominance 

and dependency should be favoured. Under such a framework, techno

logical actions can be more a matter of choice than of necessity. 

Within this Technical Report, where substantial evidence points 

to some form of 'acceptable criteria' these criteria are quoted (with 

reference to source) to provide a frame of reference for the Camden 

Haven data. However, in this report, 'acceptable impact' is defined as 

'no impact.' This definition is in recognition of the existing 

ecological ignorance, of the lack of knowledge of individual and 

community behaviour and structure and of the lack of knowledge of the 

agglomerated affect of a series of impacts. A 'no impact' definition 

is utopian. However to strive for 'no impact' through the allocation of 

conforming land uses and the appl ication of land management practices 

is pragmatic rather than utopian. 
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1-10 SUMMARY 

Figure 1-3 summarizes the approach to the quantification of water 

quality adopted within this report. Relevant concepts discussed within 

this chapter include:-

The water catchment is the most logical regional unit for the 

management of land. 

A recognition of the nature of land systems the process which 

formed them and are presently operating within them provides 

a basis for the effective management of the catchment. 

Coastal land systems are defined and sustained by process, 

materials or biota derived directly from coastal waters, 

whereas in non-coastal land systems there is no direct 

sustaining influence by the coastal ecosystems. 

The two sub-regions of a water catchment, provide the 

basis for the modelling of environmental quality. Central 

to this modelling is the estuary. 

The loading by plant nutrients, poisons, heat and inert 

suspenso ids on estuarine ecosystems is best examined as 

a series of inputs. 

Inputs to the estuarie ecosystems can be defined as:-

- point sources within the lower catchment 

- diffuse (non-point) sources with the lower catchment 

- a point source at the tidal limit representing 

the impacts transferred by water flow from the 

upper catchment. 

Sufficient information for a preliminary investigation 

of pollutant levels from the upper catchment is 

available from the analysis of water for drinking purposes. 

Information on the bacterial contamination of oysters is 

available and highly suitable for the definition of location 

and the quantification of output of point sources of 

nutrient and toxic chemical pollution within estuaries. 
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No information is readily available on non-point source 

pollution with the lower catchment. 

The measurement of physical parameters such as dissolved 

oxygen levels may provide information on the agglomerated 

affects of pollutants. 

A lack of knowledge exists concerning the behaviour a"nd 

requirements of estuarine biota, the consequence of ecological 

impacts and the long term behaviour of the estuarine 

communities to the changes man imposes upon them. For 

these reasons 'acceptable impact' is defined as 'no 

impact' . 

FIGURE 1-3: METHOD FOR THE ASSESSMENT OF ESTUARINE CONDIT[ON 
AND MANAGEMENT 
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WATER QUALITY WITHIN THE CAMDEN HAVEN 

CHAPTER 2: DRINKING WATER QUALITY - AN INDICATOR 

OF POLLUTANTS AND NUTRIENTS TRANSPORTED 

FROM THE UPPER CATCHMENT TO ESTUARY 

2-1. THE CAMDEN HAVEN CATCHMENT 

a) Boundary Description 

b) Sub-Catchments 

c) Land Systems of the Upper Catchment 

d) Appl ication of the Land Systems Approach 

2-2. LAND USE WITHIN THE UPPER CATCHMENT 

a) Forestry 

b) Agriculture 

2-3. CLIMATIC AND STREAM FLOW DATA 

a) Rainfall and Storm Events 

b) Runoff and Discharge Characteristics 

2-4. AVAILABLE WATER QUALITY DATA 

a) Logans Crossing - Drinking Water Supply 

b) Data Collected 

c) Total Phosphorus 

d) Total Nitrogen 

e) Turbidity and Suspended Sol ids 

f) Bacter i a I Population 

g) Other Data Avai lable 

2-5 CONCLUSIONS 

a) Quantification of the Upper Catchment 

Input to the Estuary 

b) Identification and Control of Upper 

Catchment Pollutants and Nutrient Sources 

2-6. SUMMARY 
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1-1: THE CAMDEN HAVEN CATCHMENT 

a) Boundary Description: The headwaters of the Stewarts and Camden 

Haven rivers rise near Mount Gibraltar and are separated from the 

Hastings Catchment by the Broken Bago Range. This range varies in 

elevation from about 600 metres near the Comboyne Plateau (Mount Comboyne 

668 metres) to about 300 metres above sea level near Wauchope (Bago Look

out 358 metres). The headwaters of Herons Creek rise near Bago Lookout. 

Between Bago Lookout and the coast the Camden Haven catchment is 

separated from the small coastal catchment of Lake Innes - Lake Cathie 

by a series of ridges generally less than 200 metres elevation (Jolly Nose 

248 m). 
On the north-western edge of the catchment I ies the Comboyne 

Plateau, of fertile basaltic soils. Proceeding westward then south from 

the Comboyne Plateau a range between Mt. Gibraltar and South Brother 

(494 metres) divides the Camden Haven catchment from tributaries of 

the Manning River. This range varies in elevation from 150 metres to 

600 metres. East of South Brother the catchment boundary is defined by 

a low coastal sedimentary range before becoming ill-defined in the 

complex of swamps and lagoons below Watson Taylor lake. This complex 

of coastal swamps extend from behind Diamond Head to the Manning River 

and are a geomorphic function of prior barriers. 

b) Sub-catchments: Within the Camden Haven catchment six upland 

sub-catchments of significance can be delineated. Details of catchment 

area and stream characteristics are given in Table 2-1 (below). 

TABLE 2-1: CATCHMENT PARAMETERS. 

CATCHMENT CATCHMENT AREA (km2) MAl N STREAM LENGTH AVERAGE MAIN STREAM 
(km) SLOPE (m/m) 

Camden Haven River 240.0 47.0 0.0034 

Stewarts River 107.0 32.0 0.0029 

Herons Creek 133.0 21.0 0.0033 

Bobs Creek 13. I 6.2 0.0020 

Waterloo Creek 5.6 3.5 0.0086 

Stoney Creek 18.0 7. 1 0.0282 

(After Sinclair Knight and Partners, 1980;) 
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The location of each of these sub-catchments is shown in figure 2-1. 

Herons, Bobs and Waterloo Creek catchments drain to Queens Lake. The 

Camden Haven and Stewarts rivers together. with the smaller. Stoney Creek 

catchment on the eastern face and adjacent areas of Middle Brother 

drain to Watson Taylor Lake. Below Watson Taylor the estuary is known as 

the Camden Haven river with Stingray Creek connecting Queens Lake to the 

main down-river component of the estuary. Further detail of the estuarine 

section of the catchment is given in the following chapters as well as 

within Technical Reports and 2. 

c) Land Systems of the upper Catchment: Aerial photographic 

interpretation and field reconnaissance have delineated seven major 

systems within the upper catchment. These land systems and their 

attributes are as follows:-

Conglomerate Rim This system comprises the steepest areas of 

the catchment boundary. Located in the north and western to south 

western sectors of the catchment boundary, the system is characterized 

by abrupt cl iffl ines. On the Broken Bago range this conglomerate 

uncomfortably overlies the marine Permian Beechwood beds. Rock out

crops, skeletal soils and an open forest of less than twenty metres 

height dominate the upper areas of this system. Proceeding down-slope 

deeper soils lead to better site quality with E. pilularis (Blackbutt) 

dominated forest increasing to thirty metres height. Vegetation 

transitions to wet sclerophyll (E. grandis - Flooded Gum, dominated) and 

in some cases rainforest occurs in downslope sheltered gullies. This 

vegetation transition reflects particularly the transition from the 

conglomerate rim to the adjacent (and underlying) land system, the 

lower undulating intermediate sediments. 

Intermediate Sediments This system, comprising the Lorne Basin 

is defined by Pratt and Herbert (1973) as Camden Head claystone, "a 

sequence of red-brown claystone and siltstone with minor amounts of 

grey plant-bearing siltstone, sandstone and conglomerate." The 

dryer ridges of this system are similar in vegetation type to the 

Conglomerate rim. Valleys proceed from wet sclerophyll (E. grandis/ 

E. microcorys/S. glomuifera) to palm forest (Banglow Palm/E. grandis) or 

sometimes rainforest. Most of these lower slopes and flatter areas 

have been cleared for agriculture. The pockets of remnant wet 

sc\erophy\\ and rainforest are presumably representative of past 
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vegetative patterns. The land system grades into the creek/river-side 

alluvium areas which comprise the adjacent land system. 

Alluvium. - The alluvium, deeper soil areas of the Stewarts and 

Camden Haven rivers above their tidal limits are limited in extent. 

These small areas, adjacent to creeks and rivers are generally 

cleared and often utilized for irrigated small cropping. This system is 

distinctive to the alluvium areas below the tidal limit. The upper areas 

are within a erosive/depositional environment while the areas below the 

tidal limit are depositional over a wide-front. Vegetative differences 

reflect the fresh/saline influences of the adjacent river/estuary. 

Coastal Sediments - On the northern and southern catchment 

boundaries between the Lorne Basin and the coastal prior barrier system 

of quaternary age are low remnant Triassic sediments. These occur 

within Johns River State Forest to the south. To the north, coastal 

sediments are found associated with the conglomerates of the Broken Bago 

Range, above Herons Creek through to Bonny Hills on the coast. Several 

forest types are found within this system as a function of soil depth 

and drainage. Forest types include Blackbutt and mixed hardwoods on 

good sites Red and Swamp Mahogany on poorly drained sites and Scribbly 

Gum associated with Blackbutt on poor shallow soils. 

Microgranite Intrusives - The fluvial - based pattern of uplands; 

valleys and flood plains within the Camden Haven catchment is broken by 

the landscape dominating microgranite intrusives. These large alkaline 

intrusives fringe the eastern edge of the Lorne Basin. Whil~ five 

intrusives exist, the Three Brothers (South Brother 494 metres, 

Middle Brother 556 metres, North Brother 487 metres) dominate. The 

Three Brothers received their collective name from two sources. An 

abor i gina 1 1 egend of the B i rpa i tr i be tell s of the three B i rroguns 

lbrothers). Captain Cook's log of the 12th May 1770 states in part:-

" ... three remarkable large high hills lying contiguous to each other 

and not far from the shore .... as these hills bore some resemblance to 

each other we called them the three Brothers." The other two intrusions, 

Mount Juhle (274 metres) and an intrusion south-west of Herons Creek 

(247 metres at maximum height) are not as visually significant. All these 

Lorne Basin granitic intrusions are of similar age and mode of occurrence 

as the Valla Adamell ite and the Yarrahapinni Adamell ite (Thompson 1974). 

Porphyritic rhyolite plugs - Numerous rhyolite plugs such as 
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Big Nell ie, Little Nellie and Lorne Peak intrude the western part of 

the Lorne Basin. Similar intrusives occur within the upper Manning 

catchment. Herbert (1974) reports that no mineralization has been 

recorded in these bodies. Vegetation patterns are very similar to 

those of the Conglomerate rim. 

The Comboyne Plateau. - Within the Camden Haven catchment is a 

small portion of the basaltic Camboyne Plateau. The plateau is an 

irregularly shaped area, with a general elevation exceeding 450 metres. 

Volcanic plugs rise above this surface at Mt. Gibraltar (864 metres), 

Mt. Bull i and the Bluff (880 metres). The plateau falls away sharply 

on the eastern edge with streams (notably Upsells Creek) contributing 

to the Camden Haven catchment. The volcanic soils of the plateau are 

extensively cleared for cropping and improved pasture. Some remnant 

rainforest pockets are still present. These are largely disturbed 

through clearance of surrounding vegetation. 

Further detail on these land systems of the upper catchment is 

contained within Technical Report No. I. Figures 2-2 provides a 

general ized geology of the catchment (after Herbert, 1974). Herbert 

agglomerates the Camden Head claystone sediments of the Lorne Basin 

with the coastal sediments of the Grants Head formation. These sediments 

together with the Laurieton conglomerate (catchment boundary) constitute 

what has been termed the Triassic Camden Haven Group. Within this 

report the Triassic Camden Haven group has been del ineated as three 

separate, yet often contiguous land systems. This delrneation is 

primarily for use allocation and management purposes, each system 

providing differing capabil ities and constraints. 

dJ Application of the Land System Approcch: The land system approach 

provides information on geomorphic processes, present linkage inter

systems, capabi 1 ities for differing land uses and constraints on these 

land uses within the bounds of environmental management. Consider 

first geomorphic process and their I inkages. The land system del ineation 

defines differing portions of a geomorphic base. Natural processes, their 

extent and influence are one of the attributes considered during mapping. 

Natural process linkages between systems (and hence transport paths) are 

also defined by this land system approach. For example, consider 

Upsal Is Creek. This creek has its headwaters on the Comboyne Plateau, 

drops sharply over the conglomerate rim of the Lorne Basin, erodes and 
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(After Herbert, 1974) 
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accumulates further sediment load in the upper intermediate sediments 

before slowing velocity in the lower alluvial flat areas. These 

alluvial flats are close to the Creek's junction with the Camden Haven 

river. 

The land system approach not only defines linkages between 

systems and hence linkages within the catchment in its entirity 

but also defines aggregations of biophysical attributes. These 

attributes have significance for both land use allocation and manage

ment. One series of these attributes, for example is soil type, depth 

and erodabil ity. Soil type is predominantly a function of geology. 

Soil depth is a function of topography and resultant transport 

processes. Of the soils within the Camden Haven catchment the most 

fertile are those based on the microgranite (red podzolics). Soils 

derived from the Triassic sedimentary rocks (usually yellow podzolics) 

are less fertile but still generally of good quality. Within this group 

there is a fertility gradient from shale through conglomerate to sand

stone. The coastal sediments of Johns River area, being predominantly 

sandstone derived with no associated conglomerates and shales, are 

amongst the poorest within the catchment. 

These fertility differences are reflected within the land use 

pattern of the catchment. An example would be differing site quality 

and hence vegetation associations and productivity within State Forests 

or, the differing agricultural practices on alluvium and intermediate 

sediments. These comments can be projected to the overal I land use 

pattern within the upper catchment. Agriculture occupies the lower 

val ley and valley floor areas while forestry occupies the catchment rim. 

This reflects the historical development of the catchment in response 

to the natural attributes displayed by the land systems at the start of 

settlement. All areas of reasonably fertile soil, and of flat to 

undulating topography (and hence good depth of soil, workability) were 

cleared and developed for agricultural purposes from the 1850's onwards. 

These areas are the land systems denoted as alluvium and lower inter

mediate sediments. The fertile undulating Comboyne Plateau and the 

flatter areas associated with the microgranitic intrusions were of 

course, also developed for agriculture. Timber removed from these 

agricultural areas delayed the need for the reservation of suitable 

forested lands for timber production. State Forests were initially 

Forest Reserves (earliest declared area 1890) and not dedicated as 
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State or National Forests until after the Forestry Act of 1908. All 

State Forests within the Camden Haven catchment were dedicated by 1926. 

For these reasons State Forests are to be found predominantly within the 

upper steeper areas of the intermediate sediments, the conglomerate rim 

and, the poorer coastal sediments. 

From a management aspect, soil type again provides a good 

example of the relevance of land system delineation. In this case, 

consider soil erodability. The soils derived from the Triassic 

conglomerates and sandstones have a poorly structured grey sand upper 

horizon. This horizon is fairly erodable, particularly when derived 

from sandstone. Land use practices within these two land systems should 

account for this variability in the erosive nature of the soils. With 

the exception of the sandstone - derived soils, the soils of the upper 

catchment are fairly stable when exposed. (Note: the microgranite 

does not lead to the erosion problems commonly associated with granitic 

rocks of coarser grain - Forestry Commission, Personal Communication). 

2-2: LAND USE WITHIN THE UPPER CATCHMENT 

a) Forestry - State Forests on the northern catchment boundary 

extend from Queens Lake in the north east the full length of the 

Broken Bago Range, thence south, fringing the Comboyne Plateau 

(Comboyne State Forest). Continguous forest cover but not tenure 

extends the length of the western boundary of the catchment after 

the Comboyne Plateau. Landsdowne State Forest (Taree Management 

District), containing the headwaters of the Stewarts river and associated 

tributaries, extends from just south of the Comboyne Plateau to almost 

South Brother. Landsdowne State Forest thus accounts for the major 

proportion of the southern boundary of the upper catchment. The 

coastal sediments of the Johns River area are contained within Johns 

River State Forest. Additional to these catchment fringing State 

Forests are Middle Brother, Camden Haven (North Brother) and 

Kendall State Forests. In all, State Forests account for approximately 

45% of the catchment, with other forested lands (especially private 

forestry) comprising a further 15 to 20 per cent. (Personal communicat

ion - Forestry Commission, 1981). Location of all State Forests within 

the catchment is shown in Figure 2-3. 

The main produce of the forests has been and continues to be, 
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FrGURE 2-3: STATE FORESTS OF THE CAMDEN HAVEN CATCHMENT 
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sawlogs. The prescribed annual cut for the Kendall Management Area 

is 32,300 cubic metres nett. Other produce includes a 1 imited 

supply of durable poles and a volume of mining pit props obtained by 

thinning regrowth stands. Normal TSI work is carried out throughout 

the State Forests, with little snig track extension work. Approximately 

one third of treatment is tractor clear and plant. Minimal clearfell 

and plant operations occur. Although during treatment burning is 

difficult to avoid, because of the subsequent heavy weed growth, 

wherever possible operations proceed without prior burning. Hazard 

reduction burning is however carried out whenever required. Average 

annual cut from the Kendall Management area is given in Table 2-2. 

TABLE 2-2: AVERAGE ANNUAL CUT FROM KENDALL MANAGEMENT AREA 

(Cubic metres - log equivalent). 

1920-29 1930-39 1940-49 1950-59 1960-69 1970-79 

Hardwood Sawlog 13741 11590 22594 30153 32560 32488 

Brushwood Sawlog 0 8 221 43 295 33 

Sleepers 3039 3555 3899 2639 1373 712 

Poles and Piles 218 156 1395 1352 810 485 

Fencing 40 43 68 123 179 190 

Girders 175 318 121 262 135 0 

Transoms and Junk 0 20 37 72 22 0 

Mining Timbers 799 11 9 13 0 962 

Totals 18012 15701 28344 34657 35374 34870 

(Forestry Commission, 1980) 

A study of forestry operations and their affect on water quality in the 

Kendall Management Area was carried out between June 1974 and June 1976 

(Cornish,1976;). The findings of this project were as follows:-

Road construction reconstruction and grading caused an 

elevation of stream turbidity levels, particularly when these operations 

were carried out near streams 

Bridge building operations caused a significant and lengthy 

elevation of turbidity levels. 
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Clearing operations during a wet period in compartments 

close to the main streams caused a significant increase in turbidity. 

Logging operations, even in a wet period, had less effect on 

turbidity levels when carried out on ridges well removed from the main 

streams than when conducted in compartments near the main streams. 

Turbidity levels in logged upper tributaries were often 

greater than levels in the main Camden Haven River at the water supply 

intake - Logans Crossing. 

Turbidity levels in the Camden Haven River at Logans 

Crossing frequently exceeded drinking water standards. 

Since the study was completed in 1976 several forest management 

practices have been changed in ways which should help to alleV'iate 

turbidity problems. Forestry operations have been planned to utilize 

existing roads, rather than construct further roads. Road construction 

is now complete, apart from an occasional very minor road or track 

which may be constructed within a compartment to reduce snigging 

distance. While road grading remains essential, in order to minimize 

erosion, wherever possible (e.g. Fire trails), a farm tractor and flail 

mower are used. The clearing of areas during si Ivicultural treatment 

has been reduced. It is now Commission policy that clearing will be 

appl ied only on I imited parts of logging blocks where regeneration 

treatment is"necessary and where less intensive methods would be 

unsuccessful. Additionally, an attempt has been made to minimize wet weather 

logging problems. Herons Creek Mil I has agreed to attempt to maintain 

an increased log inventory against the possibi I ity of a prolonged 

spell of wet weather. In planning the logging order, the Forestry 

Commission has attempted to schedule difficult blocks for the drier 

months. The logging plan for each compartment is also used to hold 

sui tab I e we t we a the r sec t ion sun til the y are r e qui red. ( Per son a I 

Communication - Forestry Commission). 

oj A'1Y""~']"',,~t:.a''3: Agricul turally the Camden Haven catchment has been 

developed for animal husbandry and smal I cropping. The alluvium, 

lower areas of the intermediate sediments, the Comboyne Plateau and 

lower slopes of the microgranites provide lands capable of sustaining 

long term productive agriculture. 

Variabi I ity within these systems defines the location of 

agricultural types and practices. For example, the alluvium areas 
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are used extensively for small crops such as corn, beans or irrigated 

lucerne pastures. Lower slope microgranites in close proximity to 

available water provide similar capabilities for such crops. A second 

example would be the limited use of the shallow soil areas of the higher 

sandstone ridges (Intermediate Sediments). Cleared slopes of this 

country are highly erodable. Stubble-mulching has been observed on 

these soils and is recommended for erosion protection and moisture 

retention. Soy beans have recently started to be grown on these soils. 

Land clearing of what was previously dry sclerophyll forest used for 

open-range grazing often proceeds the crop (e.g. upper Herons Creek 

catchment). 

Dairy farming is a more traditional industry of the catchment. 

The lower areas close to the river have been developed since circa 1860. 

Today dairying remains predominantly a 'low slope' activity, often 

associated with small cropping and lucerne on the alluvium and the lower 

areas of the intermediate sediments and microgranites. Within these 

areas a viable dairy farm is generally considered to be sixty hectares 

of which 80% is flats. Figures may vary for the Comboyne Plateau 

(Personal Communication - 1981). The problems associated with present 

day dairy farming are often stated as being economic. Figures as low 

as 20% return on capital invested have been mentioned (Personal 

Communication - 1981 ;). 

One of the land system - associated reasons for dairying and 

small cropping's' low slope' location is the proximity to water for 

irrigation. If properties do not have access to irrigation the acreage 

required for similar. returns is estimated to be two and a half times 

more than irrigated areas. (lower slope lands are also of greater 

soil depth and fertility). Thus, 100 hectares with i"rrigation compares 

favourably with 250 hectares without irrigation. Irrigation within 

the catchment draws water from the Camden Haven and Stewarts Rivers 

and Black, Upsalls and Herons creeks. Black and Upsalls creeks are 

tributaries of the Camden Haven river. Data on area authorized for 

irrigation and the quantity of water diverted is given in Table 2-3. 

This data is for the year ended the 30th June, 1980. 

Animal husbandry within the catchment is not confined to 

dairying. Beef cattle dominates in those areas not devoted to dairying 

and small cropping. If farmed intensively 40 hectares of flats plus 
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TABLE 2-3: IRRlGATION WITHIN THE CAMDEN HAVEN 

RIVER 

Camden Haven River 

Black Creek 

Upsalls Creek 

Herons Creek 

Stewarts River 

CATCHMENT 

AREA AU'I'HORtZED 
(hal 

129 

15.5 

37.5 

16.5 

195.5 

394.0 ha 

AREA IRRIGATED 
(hal 

41.5 

8.5 

21. 5 

4.5 

125.0 

201.0 ha 

WATER DIVERTED 
MI s 

130.9 

14.0 

52.2 

2.7 

175.8 

375.6 MI s. 

(~ater Resources Commission, 1981). 

120 hectares of hills (e.g. lower ridges of intermediate sediments) can 

provide returns equivalent to 240 hectares of open range (Intermediate 

Sediments). Cattle are not as destructive on soil profile and 

vegetation as are pigs and goats. Intensive farming of pigs is subject 

to waste removal and treatment regulations formulated by Hastings 

Municipal Council. Goat fa.rming is predominantly restricted to the 

'hobby farm' type operation. 

In terms of environmental impact upon the aquatic systems, FAO 

(1976) define the loading by plant nutrients, poisons or inert 

suspensoids from land runoff associated with agriculture as being 

'diffuse in time and space'. For all but intensive feedlot -activities 

impacts will be spatially of this nature, constituting a non-point 

source of stress to the waters of the upper catchment. Temporal 

variation within the stresses is particularly a function of the transport 

mechanisms. Rainfall and runoff characteristics of the Camden Haven 

catchment are detailed in the following section. 

Stresses on the aquatic ecosystems resulting from poisons, 

inert suspensoids and plant nutrients differ. They may either pollute 

the water or enrich it. Although pollution and enrichment (also 

called eutrophication) are usually equated, Welcomme and Henderson (1976) 

maintain that it is useful to keep the two concepts separate as they 

have entirely different consequences for the biota. Pollution from 

agricultural land use arises from the appl ication of pesticides or 

herbicides and the erosion and transport of particulates. Pesticides 
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may be required for aphids, moths and caterpillars in crops such as 

lucerne and beans. Herbicides may also be associated with cropping 

(e.g. pre-emergent broadleaf and grass sprays). Both pesticides and 

herbicides are known to be used for these purposes within the Camden 

Haven. However, no data is available on quantity used. The effects of 

pollutants on fish have been summarized by Welcomme and Henderson 

(1976) as being:-

i) Actual lethal toxicity which kills the fish at some 

stage 9f its life history; 

ii) Sub-lethal effects which may be difficult to detect 

o~ to p~ove, but which alte~ the fish's behavio~ in 

such a manner as to prevent its completing its normal 

life cycle, or simply to reduce its growth; 

iii) Cu~ulative effects which can render fish either unsafe 

or unpalatable for consumption. 

Most pollution effects tend to be broad, affecting a range of species, 

not just fish. At community level the overall response is a reduction 

in diversity and a shift in species composition towards relatively 

smaller, shorter-lived forms (e.g. Reiger and loftus, 1972;). 

To investigate the affect of pollutants such as pesticides 

and herbicides on the aquatic and estuarine ecosystems of the Camden 

Haven a large amount of data, not readily available, is required. 

Information required would include quantity used, quantity found 

in aquatic and estuarine waters, quantity found within aquatic and 

estuarine species and some form of biological monitoring of aquatic 

and estuarine communities. Biological monitoring of Camden Haven's 

estuarine waters is discussed in detail in Technical Report No.4. 

However, without the necessary back-up data on pesticide application, 

transport and concentration within aquatic and estuarine environments 

no specific comments can be made. Analysis of pollutant - concentrating 

organisms such as fresh water molluscs and estuarine species such as 

oysters for chemical derivatives of pesticides and herbicides would 

provide an indication of pollutant levels within the ecosystems. A 

prel iminary investigation of this form is recommended. 

Enrichment arising from agricultural runoff is essentially 

animal waste and/or leached fertilizers. Resultant stress on the 

aquatic environment is the addition of phosphorus, nitrogen and organic 

substances. Heavy enrichment is characterized by algal blooms and 
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deoxygenated conditions. Algal blooms have been observed in upper 

catchment waters of the Camden Haven. These blooms are temporal, a 

function of runoff, wi th blooms greatest following storm runoff after 

an extended period of no runoff. This phenomena was particularly 

evident after the extended low rainfall period of 1980. 

As this project is primarily concerned with the estuarine area no 

further investigation of the upper catchment aquatic ecosystems 

occurred. The monitoring of plant nutrients transported from the 

upper catchment to the estuarine area is relevant to this project, as 

is the control of sources of these enrichments. Concentration levels of 

nutrients together with discharge characteristics of the fresh water 

entering the estuarine system is required for this analysis. This 

information is provided in the fol lowing sections. 

2-3: 

a) 

CLIMATIC AND STREAMFLOW DATA 

Rainfall and Storm Events: The highest annual rainfall for 

the catchment occurs on the Comboyne Plateau (nearest station - Comboyne) 
li," where the annual medi~~ exceeds 1700 mm. All of the Camden Haven 

upper catchment receive annual median falls exceeding 1200 mm. The 

distribution of annual median falls is shown In Figure 2-4. Table 2-4 

provides data of the monthly median rainfall at Comboyne, Kendall and 

Laur i eton. 

TABLE 2-4: MEDIAN RAINFALL - COMBOYNE, KENDALL AND LAURIETON 

STATION 

COMBOYNE 

KENDALL 

LAURIETON 

MONTHLY MEDIAN RAINFALL (mm) YEAR 
J F M A M J J A S 0 N D (mm) 

177 185 208 119 84 77 50 66 68 71 94 135 1735 

110 132 150 104 81 75 70 45 47 66 69 92 1285 

121 143 157 131 106 86 85 62 57 70 88 112 1496 

(Data adapted from Water Resources Commission, 1968; and 

recent records). 

The five months December to Apri I are relatively wet, receiving 

approximately 55% of the annual rainfall for all stations. On the 

coastal fringe (e.g. Laurieton) the wet period generally extends to 

include May. The months July to November, which receive approximately 
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Adapted from N.S.W. Water Resources Commission Data. 
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30% of the annual rainfall are relatively dry. The driest month is 

scattered between July and September for the three stations. Figure 

2-5 depicts graphically monthly rainfall for Comboyne, Kendall and 

Laurieton for the period 1976 to 1981 inclusive. 

Very heavy rain may occur over the catchment as a function of 

depressions off the NSW coast. The highest total recorded in the 

catchment in a twenty four hour period is 448 mm on the 29th April, 1963 

at Laurieton. This rainfall coincided with a major flood for the 

catchment. Sinclair Knight and Partners (1980) during a flood study of 

the catchment derived the following data on storm intensity and volume 

for differing return periods. Station used was Laurieton. 

TABLE 2-5: STORM INTENSITIES AND VOLUMES. 

RETURN PERIOD 
(years) 

20 

50 

100 

8 

18.6 

21.2 

23.8 

STORM INTENSITY (mm/hr) STORM VOLUME (mm) 

DURATION (Hours) DURAT I ON (Hours) 

12 16 18 8 12 16 18 

14.7 12.4 11.4 149 176 198 205 

17.0 14.4 13.2 170 204 230 238 

19.0 16.1 14.8 190 228 258 266 

(After Sinclair Knight and Partners, 1980). 

Very high monthly rainfall totals can occur throughout the 

catchment for any month of the year. Even in the drier months totals 

exceeding 250 mm have been recorded, while in the wetter months 

totals greater than 1000 mm have been recorded. Soils can be expected 

to be saturated during these periods of prolonged heavy rain. This 

increases the risks of erosion and forest damage during logging or 

erosion and soil profile damage during agricultural activities. The 

highest monthly total on record is 1230 mm at Comboyne in February, 1929. 

b) Runoff and Discharge Characteristics: Runoff is a function of 

rainfall, vegetation, topography, geology and catchment area. Because 

of the complexity of these relationships continuous stream gauging 

records provide the most suitable data for determination of water yield 

and runoff characteristics of the upper catchment. Stream gauge data 

also provides information on the magnitude of fresh water and transported 
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components entering the estuarine system. Water quantity and associated 

impacts .resulting from catchment alteration are discussed within 
-

Technical Report No.2. Stream - gauging has occurred for the Camden 

Haven and Stewarts rivers from 1970 to the present. This monitoring 

of stream flow is supervised by the Water Resources Commission of NSW. 

No stream gauging has been carried out on any of the other sub

catchments. 

Details of all monthly discharges exceeding 20,000 megalitres for 

the Camden Haven river together with monthly discharges for the 

Stewarts River and daily maximums for both rivers are contained within 

Table 2-6. Since 1970, on an additional sixteen occasions monthly 

discharge for the Camden Haven river exceeded 10,000 megal itres. 

Figure 2-6 presents graphically all monthly discharge data for the 

two rivers. 

TABLE 2-6: DISCHARGES EXCEEDING 20,000 MEGALITRES/MONTH 

FOR THE CAMDEN HAVEN AND STEWARTS RIVERS, 

1970 TO 1981 

MONTH CAMDEN HAVEN RIVER STEWARTS RIVER 

MONTHLY TOTAL DAILY MAX. MONTHLY TOTAL DAI LY MAX. 

March 1972 20,300 4,058 4,530 1,000 

Apri I 1972 25,300 10,900 11,500 5,900 

October 1972 43,200 11,100 22,300 7,860 

February 1973 28,000 5,100 6,060 1,320 

January 1974 64,200 13,700 17,800 4,060 

March 1974 70,900 18,800 34,200 9,260 

June 1974 33,200 13,200 9,900 5,550 

February 1975 22,500 10,400 9,540 4,620 

November 1975 47,300 9,250 9,000 2,080 

January 1976 37,000 5,490 10,500 1,900 

February 1976 38,400 7,040 9,770 2,480 

March 1976 71 ,200 8,860 22,300 3,160 

March 1977 38,400 5,900 13,600 3,230 

March 1978 60,200 17,500 30,100 9,830 

May 1980 N.I/. N.I!. 6,950 4,850 

May 1981 .1.11. N.II. 7,759 4,830 

(Data taken from W.R.C. records). 
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The magnitude of daily maximum flows for each significant 

discharge event are indicative of the'peakiness' of the discharge. A 

large proportion of this discharge may be accounted for by surface 

runoff during and to a lesser extent following storm events. For the 

discharge events detailed in Table 2-6, flow during the maximum day 

of discharge accounts for a significant proportion of total monthly 

flow. For the Camden Haven river the proportion of monthly discharge 

occurring during day of maximum flow ranges between 18% and 46%, with 

a mean value of 25%. For the Stewarts River the range is between 14% 

and 56% with a mean value of 30%. Slightly higher values for the 

Stewarts River may be accounted for by the reduction in upper catchment 

area. Load and transport of pollutants and nutrients is expected to 

replicate this discharge pattern. 

Sub-surface runoff and groundwater flow may contribute to the 

initial discharge peak. Soil and groundwater recharge will lessen this 

contribution. Sub-surface runoff and groundwater flow are of more 

importance in determining the stage of discharge curve following the 

peak. In the case of groundwater flow, the predominent influence is 

concerned with stream persistence between rain events. 

As a indication of stream flow persistence and variability 

,within stream flow an arbitrary figure of 2,000 megalitres per month 

has been chosen as indicative of low flow for the Camden Haven river. 

Flows below this level occurred on a total of 58 months between 1970 

and 1981. Table 2-8 presents this data on a monthly basis. Low 

discharges are clustered around September. The period of low discharges 

extends from August through to January. This pattern of low discharge 

is mirrored by the Stewarts River. 

MONTH 

FREQUENCY 

TABLE 2-7: TEMPORAL PATTERN OF LOW DISCHARGE 

« 2,000 Megalitres/Month) FOR THE 

CAMDEN HAVEN RIVER, 1970-1981: 

J F M A M J J A S 0 N" 

6 - I 2 2 2 2 9 12 9 8 

D 

5 

Stream flow persistence, as already noted, is in part a measure 

of the groundwater flow which is able to sustain flow in the stream 
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channels for extended periods of time after cessation of rainfall. 

Low gradients in the middle reaches of the Camden Haven and Stewarts 

Rivers provide good development of narrow alluvial flats of fluviatile 

origin. (Land system denoted as Alluvium). These unconsolidated 

sediments while not large enough to provide extensive ground water 

storage are of significance to the persistence of stream flows. No 

other groundwater reserves are known to occur within the upper Camden 

Haven catchment. Loading of pollutants and nutrients within stream 

flow during these low flow periods fs thus indicative of the concen

tration levels transported to the alluvium groundwater reserves and 

released at a later date. Sub-surface runoff and direct discharge from 

point sources may contribute to these concentration levels. 

This brief analysis of discharge characteristics provides 

insight into the type of information required to quantify the input 

of pollutants and nutrients to the estuary. To quantify pollutant and 

nutrient concentrations within discharge to the estuarine environment 

water qual ity data is required over time periods incorporating both 

high and low discharge. Data available is discussed within the following 

section. 

2-4: AVAILABLE WATER QUALITY DATA. 

a) Logans Crossing - Drinking Water Supply: The Camden Haven 

River is used as drinking water supply for the towns of Kendall, Kew, 

Laurieton, Dunbogan, North Haven, Camden Head, Bonny Hills and Lake 

Cathie. Water is drawn from a natural pond at Logans Crossing, just 

above the tidal 1 imit. Water qual ity tests have been carried out on 

the water since 1977. Water is sampled by Hastings Municipal Council. 

Discharge data collected by the Water Resources Commission for the 

Camden Haven river is also collected at Logans Crossing. This available 

data provides sufficient information to define one of the fresh water 

point sources to the Camden Haven estuary. 

While discharge data is available for the Stewarts River, no 

water quality data is available. No data at all is available for 

Herons Creek or the other smaller sub-catchments (Bobs, Waterloo and 

Stoney Creeks). However from the previous discuss ions of upper catch

ment land systems, sub-catchment size, rainfall and discharge some 

indication of the proportion of discharge from each sub-catchment is 
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possible. In all cases in Table 2-6, discharge from the Camden Haven 

river exceeds discharge from the Stewarts River by a factor of two. 

Discharge from Herons Creek and associated smaller catchments is not 

expected to be much greater than that from the Stewarts River. 

Observation of salinity change following rain events reinforces this 

assumption (Technical Report No.2). Thus the discharge from the 

Camden Haven river can be assumed to be of the order of 50% of total 

discharge of fresh water from upper catchment areas to the estuary. 

This assumed figure of 50% of total discharge provided by the 

Camden Haven river in no way impl ies that 50% of all pollutants and 

nutrients entering the estuary from the upper catchment must necessarily 

be transported by the Camden Haven ri ver. Water quant i ty need not 

imply water qual ity. However, an investigation of that water qual ity 

data available may lead to the establishment of some general character

istics for the upper catchment and, specific areas of concern 

worthy of more detailed investigation. Further, as noted in the 

proceeding discussions of land systems and use of the upper catchment, 

the pattern of natural attributes and their use is replicated within 

each of the major sub-catchments. This reinforces the validity and 

appl ication of Camden Haven river data. 

Waters from the Camden Haven and Stewarts rivers enter Watson 

Taylor lake while waters from Herons, Bobs and Waterloo Creeks enter 

Queens Lake. At the least, the available data quantifies the major 

upper catchment source of pollutants and nutrients to Watson Taylor Lake. 

At best, recognizing the inter-mixing and dispersal occasioned by tidal 

action, the available data presents information on approximately 50% of 

all upper catchment waters entering the estuarine system. 

b) Data Co ZZected: Wate r qua I i ty da ta ava i I ab I e for the Camden 

Haven river varies in, intensity of sampling and parameters monitored. 

In all, thirty two specific parameters have been measured. These 

parameters include plant nutrients such as nitrates and phosphates, 

chemical components present such as sulphates, chlorides and iron, 

heavy metals such as lead, chromium and mercury, bacterial population 

and physical parameters such as pH, turbidity and suspended solids. 

The intensity of monitoring has been variable. In some cases a series 

of tests have occurred over a short time period (e.g. Eleven tests of 

certain parameters over a five week period). In other cases monitoring 
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has not occurred for periods as long as several months, and then is 

usually in response to public complaints concerning drinking water 

quality. For these reasons information on specific parameters is 

restricted and in some cases minimal. The information available which 

provides a good assessment of water quality over varying stages of 

discharge i~ presented in the following discussion. 

c) Total Phosphates: Figure 2-7 presents available data for total 

phosphates over one rain event. Total phosphates and daily discharge 

are plotted to demonstrate loading fluctuation with discharge. The 

rain event led to a maximum daily discharge of less than 3000 mega

litres. Such a discharge is intermediatory, being of lesser extent than 

those discharges detailed in Table 2-6. Higher loadings are expected 

for the actual day of peak discharge. Simi larly, higher loadings are 

expected at higher discharge rates associated with other rain events. 

Cullen and Rosich (1979) monitored phosphorus input to Lake Burley 

Griffin over a period of eighteen months. They found that. flood events 

contributed 69% of the phosphorus loading although flood events only 

occupied 9% of the study period. 

Annual loading of total phosphates to the estuary will vary with 

discharge cliaracteristics for that year. Significant discharges for 1978-

1979 are as follows:-

Day of Peak Peak Discharge (ml/day) Day of Peak Peak D i scha rge (ml/day) 

20/3/1978 15,400 24/1/1979 I ,320 
25/3/1978 17,500 4/3/1979 1,560 
12/4/1978 1,130 18/3/1979 3,090 
28/1211978 2, 100 6/5/1979 2,820 

21/6/1979 3,800 

Phosphate data available does not include all the above rain 

events. Annual loading of total phosphates to the estuary inferred from 

the limited data can be at best an estimate. Time between rain events, 

temporal variation in phosphate sources and in runoff reduces the accuracy 

of the calculation. For these reasons, a calculated annual loading of 

12.5 tonnes must be regarded only as an indication of the magnitude of 

total phosphate entering the estuarine waters from the Camden Haven 

river during 1979. 
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No estimate of natural background levels is possible. Actual 

total loading on the estuarine system will be greater. Using catchment 

area and land use pattern as indicators of magnitude, additional input 

of phosphates from the Herons Creek and Stewarts River catchments is 

expected to approximately double the calculated annual loading. 

FIGURE 2-7: TOTAL PHOSPHATES. LOGANS CROSSING: MAY~JUNE 1979 

.. •••• Discharge 

• Total P04 

Sources of phosphates derived from human activities include 

detergents (Hart, 1974 quotes figures of between 0.3 and 1.2 Kg/capita 

600 

500 

400 

per annum), human excreta (0.45 to 0.65 kg/capita per annum - OECD, 1972), 

fertilizers and animal wastes. Within the Camden Haven river upper 

catchment contamination by detergents and human excreta may result 

from poorly located septic and waste water systems. Performance of 

these systems may be further reduced during storm events. Control of 

phosphates from these sources involves first an assessment of the 

discharge from these sources, then if required, regulation of septic 

tank usage and location. 

Agricultural sources of phosphates include fertilizers and 

animal waste. A fundamental consideration before controls can be 
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applied is the identification of the primary transport processes 

operating within the upper catchment. The potential for transport of 

phosphates in surface runoff is high when fertilizers are appl ied to 

sloping lands and left on the surface: This is not normal practice on 

cultivated lands, however on pasture lands, appl ied fertilizers are 

often left on the surface. (e.g. aerial application of superphosphate, 

particularly on the lower slopes of the intermediate sediments.) 

However, phosphorus on agricultural lands moves primarily by erosion 

because phosphate adsorbs strongly on soil particles. Fertilizer 

phosphorus applied in soluble orthophosphate form soon converts to 

insoluble forms in the soil (Agricultural Research Service, 1975). Control 

of erosion can do much to reduce phosphate inputs to the aquatic 

system. Phosphate concentration has been reported to be higher in 

sediment than in the original soil because phosphorus is adsorbed 

more readily by the finer soil particles. (e.g. OECD, 1973). Only a 

smal I part of the phosphate moved-with the sediment is immediately 

available to aquatic organisms. Biophysiochemical reactions on the 

sediments slowly release the remaining phosphorus (Cullen and Rosich, 

1979). Watson Taylor and Queens Lake act as sediment sinks for the 

Camden Haven estuary. Presumably most of the monitored phosphate load-

ing at Logans Crossing is later found with sediments in Watson Taylor 

lake. 

Animal waste contains large amounts of soluble carbon, nitrogen 

and phosphorus compounds. These constituents can be easily transported 

to the aquatic system if runoff occurs before the manure is incorporated 

in the soil (OECD, 1973). Control of this source involves several 

aspects. Intensive feedlots may need to be restricted to areas where 

sufficient land is available for correct disposal of manures and 

slurries. Direct access of animals to streams may need to be restricted. 

Partial control of runoff can be achieved by 'conservation farming' 

techniques (Soil Conservation Service, 1977). Reestablishment of 

stream - side vegetation is also needed. In all, practices involved 

can be incorporated within the theme of 'stewardship of the land.' 

d) Total Nitrogen: Nitrates from agricultural lands behave in a 

similar manner to phosphates. Sources are similar (including fertilizers 

and animal waste). Transport to the aquatic system is similar, erosion 

accounting for a large proportion of nitrogen loading. Data over the 
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rain event detailed within the discussion on phosphorus loading is 

provided in Table 2-8. 

TABLE 2-8: NITROGEN LOADING FOR ONE RAIN EVENT, MAY 1979. 

DATE OF SAMPLE 3/5 6/5 715 8/5 9/5 lOIS 

AMMONIA, FREE AND SAL! NE 0.01 0.01 0.01 0.01 . 0.01 0.01 

AMMONIA, ORGANIC 0.01 0.23 0.16 0.13 0.12 0.08 

IllS 

0.01 

0.08 

NITRITES <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

NITRATES NIL < I < I < I < I < I 0.18 

DISCHARGE (ML) 74.7 2820 2170 2100 1120 730 500 

All concentrations are as Nitrogen, mg/l. 

17/5 

0.01 

0.09 

<0.01 

0.02 

200 

Organic ammonia and nitrates (to the extent measured) mirror discharge. 

Nitrites are rapidly oxidized to nitrates and so are rarely found in 

significant concentration in surface waters. Nitrates are seldom abundant 

in surface waters because of photosynthetic reaction converting available 

nitrates to organic nitrogen in plant cells. Data available does not 

provide sufficient information to estimate nitrate loading to the Camden 

Haven estuary. 

Ammonia enters surface and ground waters from decomposition of 

nitrogenous organic matter (e.g. human and animal waste). Ammonia is not a 

persistent substance, being bacterially oxidized to nitrate. Most of the 

~Ie-cm the toxicity of ammonia are for freshwater organisms. 

However, because of the sl ightly higher pH in estuarine waters, ammonia 

may be more toxic in estuarine waters than in fresh water (Hart, 1974). 

From the table it is evident that the 'point source' of the upper catch

ment provides a slug of high ammonia concentration at peak of discharge for 

the rain event. Control, as for phosphorus, involves general 'stewardship 

of the land' and, the adequate treatment of human waste. 

e) Turbidity and Suspended Solids 

Figure 2-8 provides graphical representation of turbidity and 

suspended sol ids load as a function of discharge, for the rain event of 

May 1979. Table 2-9 (below) provides detail for the rain event. 

Turbidity denotes the optical qual ity of water that causes I ight to be 

scattered and absorbed rather than transmitted in straight lines through 

the sample (SPCC, 1979; - American Public Health Association 1975;). 

Scattering and absorption of light are caused by the presence of 
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TABLE 2-9: TURBIDITY AND SUSPENDED SOLI 0 LOADING FOR ONE RAIN 

EVENT, MAY 1979. 

DATE OF SAMPLE 3/5 6/5 7/5 8/5 9/5 10/5 11/5 1715 

TURBIDITY (NTU) 5.0 27 27 23 18 14 9.3 5.2 

SUSPENDED SOLI OS (mg/ I) I 27 19 8 5 2 2 2 

DISCHARGE (ML) 74.7 2820 2170 2100 1120 730 500 200 

3000 

2000 

1000 

suspended inorganic materials such as fine sediments or finely divided 

organ i c matter. 

· · · · · · · . . 

. . 

FIGURE 2-8: TURBIDITY AND SUSPENDED SOLIDS, 

LOGANS CROSStNG: MAY-JUNE 1979 
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Turbidity data is available fairly consistently for the period 

between June 1977 and September 1980. Of a total of sixty readings, 

mean turbidity was 7 units. During periods of rain, as for example the 

30 = 
I-
2 

10 

> 
+-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

rain event detailed above, turbidity increased. Maximum turbidity for 

the period 1977-1980 was in March 1978, a value of 40 units on a day of 

discharge of 15,400 megalitres. 

Suspended solids load mirrors the discharge during peak flow 

periods. Sol ids in suspension are however rapidly reduced once the 

water velocity lessens. Highest daily loading recorded was on June 

22,1979 - 45 mg/I at a discharge of 2,350 Megalitres. Using that 

data available for 1979 of three rain events, an estimated annual 

loading was calculated to be of the order of 540 tonnes. Similar 

comments apply as those for total phosphates. The estimated annual 

loading of suspended solids must be regarded as only an indication 

of the order of magnitude of solid loading on the estuary from the 

Camden Haven upper catchment during 1979. 

Biological productivity may be adversely affected by suspended 

materials. SPCC (1979) list the following impacts on estuarine biota. 

cause mechanical damage such as clogging of fish gills 

or irritation of tissues, resulting ~n the death of the 

organism or a reduction in its growth rate and resistance to 

disease. 

cause blanketing of areas as a result of sedimentation 

- thus smothering non-tolerant sessile flora and fauna or 

creating habitats unsuitable for some species. 

settle on seagrass leaves in areas of low current 

velocities and inhibit photosynthetic activity even though 

the overlying waters allow adequate light penetration. 

res'uZt in a change in species composition to those 

more tolerant of higher suspended solids loads. 

reduce light penetration - affecting the effeciencies 

of predatory species which rely on sight and decreasing the 

euphatic zone, and thus, indirectly, influencing the 

available food supply. 

provide surfaces for the growth of micro-organisms 

or for the absorption of various chemicals. 

increase work for filter feeders such as oysters 

and mussels, leading to a decline in condition. 

settle on oysters resulting in infestation of the 

oysters with a parasitic mudworm causing loss of 

c9ndition and mortality. 

alter the temperature of different water layers and 

thus the associated species distribut,ton. 
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change natur'al movements, spC11J1ning behaviour' and 

migrations of fish. 

Turbidity within the estuarine waters of the Camden Haven was 

investigated between August 1980 and December 1981. Fluctuations 

due to up river discharge, in-estuary wind and wave disturbance 

and tidal mixing are detailed in Technical Report No.2. Major 

sources of up-river turbidity (and suspended solids) are associated 

with soil erosion - runoff. Change in forestry practice was 

discussed in section 2-2. Agricultural practices again come within 

the bounds of 'stewardship of the land.' 

f) Bacterial Population: Bacterial population characteristics 

monitored are Total Colony count, E. coli/Faecal Col iforms and Total 

Caliform organisms. These parameters have been measured regularly 

between June 1977 and February 1979. Figures 2-9 a) and b) present 

the data available together with discharge characteristics for the 

period. Not enough data is available to adequately demonstrate the 

relationship between discharge and concentration levels. Concentra

tion levels have thus been plotted as a continuous function to 

demonstrate the trends evident in the available data. Peak readings 

are very much a function of position with respect to the most recent 

rain event. It can be assumed that such behaviour is a characteristic 

of runoff, particularly surface and subsurface runoff, with test 

results reflecting bacterial population exclusively at time of 

sampling. Higher concentration of faecal coliforms can be expected 

during the peak runoff period of each rain event. 

The use of bacterial population assessment in the investigation 

of viral pathogens is discussed at length in Chapter 3 (Sections 3-1, 

3-2;). For this up river 'source', faecal coliforms/total coliform 

density has a mean of 26%, at a standard deviation of 12%. While 

recognizing that there is no definitive quantitative correlation for 

faecal coliform/total coliform (Hart, 1974;), this mean indicates in 

qualitative terms that a significant proportion of the bacterial 

pollution is from enteric wastes. It is expected that the main 

sources are cattle and septic tanks. 

g) Othe~ Data Available: Monitoring of fresh water quality at 

Logans Crossing varies in content and regularity. Other data collected 

regularly includes pH, specific conductance, iron concentration and 
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true and apparent colour. The pH of 44 samples between June 1977 and 

September 1980 varied less than 0.3 at a mean value of 6.7. Most 

natural surface waters have a nearly neutral pH (i.e.: pH = 7.0). 

The pH mean of 6.7 for the Camden Haven river can be assumed to be 
- 2-regulated by the C02/HC0
3
/C0

3 
buffer system. The variation of 0.3 is 

not abnormal for varying natural conditions. No' impacts' with the 

potential to alter pH from natural values are known to exist in the 

Camden Haven uppe.r catchment. 

Iron content varied within a range of 0.05 mg/l to 3.0 mg/l 

for the period of available data. Mean value was 0.99 mg/l 

(49 events). High concentrations of iron are rare in well-aerated 

surface waters since ferrous ions are readily oxidised to ferric ions 

which in turn form insoluble hydroxides which floculate or settle out. 

No adverse affects on estuarine biota are known. Specific Conductance 

varied between 86 Microohmslcm (@ 250 C) and 170 microohmslcm, for a 

mean value of 125 microohms/cm. (17 events). Again, no adverse 

affects on estuarine biota are known or expected, with this range 

of values accountable by natural fluctuation. 

True and apparent colour varied in a similar manner as did 

turbidity. The affect on aquatic life is, in part, similar. 

Excessively coloured water I imits light penetration thereby restricting 

the depth of the photosynthetic zone. This has a deleterious affect 

on phytoplankton and benthos. Hart (1974) recommends that there should 

be no undue increase in colour of natural waters through waste 

disposal or other actIvities. Hart recommends that changes in colour, 

turbidity and other factors that reduce the light penetration by more 

than 10% of the normal should be regarded as serious. To give an 

indication of colour variation within the Camden Haven river at Logans 

Crossing, Table 2-10 provides data for the rain event of May, 1979. 

OF SAMPLE 

COLOUR 

TABLE 2-10: TRUE AND APPARENT COLOUR FOR ONE 

RAIN.EVENT, MAY 1979. 

3/5 6/5 7/5 8/5 9/5 

6.2 120 120 120 IDS 

lOIS 11/5 

75 II 

APPARENT COLOUR 10 275 . 275 240 175 84 16 

17/5 
2 

7 

DISCHARGE (ML) 74.7 , 2820 2170 2100 1120 730 500 200 

I 
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For the period of data available true colour varied from 6 to 

250 units with a mean value of 37 units. Apparent colour, or colour 

observed prior to the filtration removal of suspended solids (0.45~ 

filter) varied from 10 to 275 units with a mean value of 53 units. 

2-5: CONCLUDING COMMENTS 

a) Quantification of the Upper Catchment Input to the Estuary: 

The specific aim of the investigation detailed within this chapter was 

to define the concentration and type of pollutants and nutrients 

entering the estuarine area of the Camden Haven from the upper 

catchment. Only one upper catchment source is quantifiable through 

the application of available data. This source the Camden Haven river 

does however provide the majority of the upper catchment input to 

Watson Taylor lake and, approximately 50% of total upper catchment 

water entering the estuarine system. 

From the available data estimates of nutrient input (phosphorus 

- and to a lesser extent, total nitrogen), suspended sol ids and bacterial 

population of the upper catchment waters are possible. Knowledge of the 

behaviour of these inputs to the estuarine system is essential to an 

analysis of estuarine condition. Bacterial population data is 

utilized in Chapter 3 of this report. Information on nutrient 

availability is important to the evaluation of benthos (Technical Report 

No.2) and, analysis of representative parameters such as dissolved 

oxygen (Chapter 4, this report). Knowledge of turbidity and suspended 

solids is also relevant. Sedimentation within the Camden Haven estuary 

is discussed in Technical Report No.2. Turbidity, resultant light 

penetration and hence productivity is important in dissolved oxygen 

monitoring. In all, quantification of these inputs to the estuarine 

system provides a basis for further research of estuarine condition 

and management. 

This data on water quality is available because of the routine 

examination of the water for its suitability for drinking. For most 

coastal catchments of NSW drihking water is taken out of the river 

system at a point just above the tidal I imit. Similar data as that used 

within this investigation is thus available for other NSW coastal 

rivers. This data may prove useful in establishing the upper catchment 

input of pollutants and nutrients to the estuarine systems of the NSW 
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coastal catchments. 

bJ Identification and Control of Upper Catc1unent Pollutant and 

Nutrient Sources: The data available does not provide direct 

information on the location of sources of contamination within the 

upper catchment. The data does however provide information on the nature 

of contaminants, from which source type is definable. For example, 

bacterial pollution of the nature and concentration as detailed in 

Figure 2-9(a) and 2-9(b} impl ies the presence of enteric wastes. Sources 

are defined as being cattle and/or the inadequate treatment of human 

wastes. Similarly consider the interrelation of soil erosion, total 

phosphorus and turbidity. 

By highlighting this nature of poll~tants and nutrients"this 

investigation provides information relevant to their control and 

mitigation. Within this theme, the concept of 'stewardship of the land' 

must be emphasized. The establishment of a land management ethic would 

go a long way towards reducing pollutant and nutrient transport from 

the upper catchment lands of the coastal region. Regionally, the 

water catchment provides the ideal context in which to demonstrate the 

need for land use control and management. To a large extent, those 

responsible may not be aware of the consequences of their actions. By 

the appl ication of the catchment approach, environmental problems can 

be examined in such a way that all the complex interactions and 

consequences of environmental pollution are evident to the people 

of the region. The need for land use controls, variation in land use 

practices and increased awareness. is discussed in detail in Technical 

Report No.1. 
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2-6: SUMMARY 

This chapter has investigated the application of available data 

to the identification of the type, magnitude and temporal variation of 

pollutants and nutrients entering the Camden Haven estuary from the 

upper catchment. The following series of statements summarizes the 

content and results of this investigation:-

Within the Camden Haven catchment there are three upland 

sub-catchments of sufficient are~l extent and land use 

pressure to be worthy of investigation. These are the Camden 

Haven River, the Stewarts River and Herons Creek Catchments. 

Within these sub-catchments seven land systems have been 

identified. These land systems define geomorphic processes, 

present linkage inter-systems, capabilities for differing 

land uses and constraints on these land uses within the 

bounds of environmental management. 

Land use within the upper catchment is dominated by forestry and 

agriculture. Agriculture is generally confined to low slope 

locations, close to watercourses, on the generally deeper and 

more ferti Ie soi Is. Forestry interests, both State and private, 

fringe the catchment. 

The examination of rainfall and storm events for the upper 

catchment provides evidence of the climatic patterns. evidenced 

by the region. Of particular importance is the intensity 

of storm events and subsequent high runoff and discharge 

of fresh water to the estuary. 

Discharge data is available for the Camden Haven and Stewarts 

Rivers. Discharge mirrors storm events, with high peak flows 

domina~ing the discharge pattern for the upper catchment. 

Groundwater reserves (unconsolidated alluvium) ensure stream 

persistence after a rain event. 

Available water quality data is confined to the Camden Haven 

river. The loading of total phosphates and suspended solids 

by the Camden Haven river upper catchment on the estuary can 

be estimated by this available information. 
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Information is also available on such aspects as Total nitrogen, 

turbidity, bacterial population, pH, specific conductance, 

iron concentration and true and apparent colour. 

The interpretation of this available data provides insight 

into possible sources and methods of control of pollutants 

and nutrients resulting from land use within the upper 

catchment. 
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Cpt. 27, Burrawan State 
State Forest. Snig track 
altered the natural drainage 
pattern, causing erosion and 
root damage. A wet weather 
logging pol icy for Kendall 
District has now been imple
mented. Photo courtesy of 
Forestry Commission . 

Logans Crossing during the 
dry period of 1980. 

Cattle entry and resulting 
erosion of stream bank, 
upper Stewarts River. 

Camden Haven River at 
Kendall, storm event, May 
1981. 
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WATER QUALITY WITHIN THE CAMDEN HAVEN 

CHAPTER 3: CRASSOSTREA COMMERCIALIS - AN INDICATOR OF POLLUTANT TYPE 

AND SOURCE. 

3-1 ESTUARINE BIOTA, VIRAL PATHOGENS AND PUBLIC HEALTH 

3-2 PATHOGENIC ORGANISMS AND THEIR INDICATORS 

3-3 PATHOGENIC ORGANISMS AND WATER QUALITY FOR RECREATION 

3-4 CONSUMPTION AND CONTAINMENT OF FAECAL BACTERIA WITHIN ESTUARIES 

3-5 SOURCES AND TRANSPORT OF FAECAL BACTERIA WITHIN THE CAMDEN 

HAVEN CATCHMENT 

a) Upper Catchment and estuarine sections of Camden Haven 

and Stewarts Rivers above Watson Taylor Lake 

b) Camden Haven River - below Watson Taylor Lake 

c} Gogleys Lagoon 

d) Queens Lake and Stingray Creek 

3-6 INTERPRETATION OF DATA AND IDENTIFICATION OF MAJOR BACTERIAL 

POLLUTION SOURCES 

a) Method of Analysis 

b) Caravan Park, Main River Channel 

c) Caravan Park, Queens Lake 

3-7 THE APPLICATION OF FURTHER SAMPLING AND ANALYSIS 

3-8 ASSOCIATED POLLUTANTS AND NUTRIENTS 

a) Qxygen Demanding Wastes 

b) Toxic Chemicals 

c) Viral Pathogens 

3-9 CONCLUDING COMMENTS - AN EVALUATION OF THE METHOD AND ITS 

APPLICATION TO THE COASTAL REGION 

a) Data Available 

b) The Method 

c) The Appl ication 

3- I 0: SUMMARY 
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3-1 ESTUARINE BIOTA, VIRAL PATHOGENS AND PUBLIC HEALTH 

Water-borne and water-associated communicable diseases caused 

by pathogenic organisms include bacillary and amoebic dysenteries, 

cholera, typhoid and paratyphoid fevers, bacterial gastroenteritis, diar

rhoea and enteritis caused by enteroviruses and protozoans, leptospirosis, 

infectious hepatitis, poliomyelitis and a variety of other diseases. 

(McKee and Wolf, 1963;). Estuarine molluscs and crustacea species 

accumulate viral pathogens (Mason and McClean, 1962;). Investigation of 

accumulation rates and methods of concentration have generally been con

fined to commercial species. Inpetus for research is often after the 

outbreak of disease within those consuming the molluscs or crustacea 

species. 

The earliest health hazard identifies with eating raw shellfish 

grown in contaminated waters was typhdid fever. In recent years 

hepatitis has been the predominant known health hazard associated with 

their ingestion (Mason and McClean, 1962). Within the United States, dur

ing the four years, 1961 to 1964; four major epidemics involving more 

than 1000 individual cases were attributed to ingestion of raw or 

partially cooked shellfish grown in contaminated waters. A cooperative 

U.S. Federal - State program was initiated following this period to 

classify active shellfish areas under criteria of fully approved, 

conditionally approved and closed waters. However, following classi

fication and regulation a significant number of isolated cases of 

infectious hepatitis have occurred. These are thought to be attributable 

to shellfish ingestion and are often associated with unauthorized 

harvesting in closed waters (Berry, 1974). The concept of closed and 

authorized areas has further problems. For example, motile invertebrates 

such as crabs have been shown to concentrate viruses by feeding on 

contaminated shellfish or directly from the water. Crabs are of particular 

concern because they can migrate from a pol luted water-body to a non

polluted area where they may be captured and sold as a "safe" seafood 

(Gi ralomo ~ 2..!.. 1972). 

Within NSW concern for the possibility of ingestion of viral 

pathogens from oysters has been expressed since the early 1960's. During 

this period, under the leadership of Dr. Myers investigations were made 

on the possibility of purifying oysters by the use of Ozone. While 

definite recommendations were made, no regulations for purification 
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or for control of such as sewage discharge to estuaries followed these 

recommendations. In July 1978 there was a major outbreak of gastro

enteritis attributable to oysters from the Botany Bay - Georges River 

area. At least 1500, possibly as many as 5000 persons were affected (SPCC, 

(979). The causative agent was identified as a parvovirus (Norwalk virus), 

presumably of human origin. 

Foilowing the 1978 outbreak the Health Commission of N.S.W. in 

cooperation with N.S.W. State Fisheries instigated a series of dry and wet 

weather tests of oysters throughout the estuaries of N.S.W. Concurrent 

with this investigation, the Oyster Farmers and Producers Association 

commissioned Professor Fleet from the University of N.S.W. to carry out 

a similar survey. The Health Commission investigation was aimed at estab

lishing pollution levels within N.S.W. estuaries of viral pathogens by 

analysis for Total Colony count, Faecal Cal iforms and Escherichia coli 

accumulated within mature oysters. 

Results of the tests have led to regulations controlling the future 

preparation and marketing of oysters. Under the Pure Food Act (1908), 

Regulation 19B(a), by May 1983 all oysters marketed will be required to 

have been purified in an approved purification plant, no matter where they 

are harvested. Purification of oysters is achieved by exposing them to 

filtered, disinfected seawater under conditions in which they will open 

and pump the water over their gill surfaces. The prescribed limit after 

purification is 2.3 Escherichia coli/gram of oyster. Further detail on 

purification methods can be found in "Guidel ines on the Design, Construc

tion and Commissioning of Oyster Purification Plants:, Health Commission, 

April 1981. 

The Health Commission investigation also established priorities 

in terms of those eight estuaries in which purification plants must be in 

operation by a gazetted date well prior to that applicable state-wide. 

Camden Haven estuary was one of those estuaries so defined. The eight 

estuaries which in bacterial terms are the most polluted within N.S.W. 

are:- Georges River, Brisbane Waters, Macleay, Brunswick, Wool i, Camden 

Haven, Tweed and Manning Rivers. These rivers vary in representative 

parameters such as catchment size and alteration, development pressure, 

tidal volume and fresh water flow. The one linking factor, as resultant 

from the Camden Haven study and a preliminary investigation of Wooli 

River, is the inadequate treatment of human waste. Remedial measures 
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at the source of such pollution may benefit the community and the estuarine 

biota as well as reducing the need for oyster purification. 

Purification of oysters before marketing can be at best only a 

part solution to the health problems associated with viral pollution of 

estuaries. As already reported, within the United States a significant 

number of cases of infectious hepatitis have been attributed to unauth

orized harvesting in closed areas. The consumption of oysters by the 

public from publ ic oyster leases and other non-commercial areas within 

the estuaries of N.S.W. may result in similar outbreaks. No estimate 

of the proportion of consumed oysters so obtained is available. During 

field work in the Camden Haven it was not unusual to observe up to twenty 

people obtaining oysters from such areas as training walls and rock out

crops. During holiday periods the numbers increased. Often oysters were 

being bottled for later consumption, presumably by fami ly and/or friends. 

Viral infection may also result from consumption of such species 

as Scylla serrata (Mud crab). Scylla serrata are known to spend their 

entire 1 ife cycle within estuaries. Overseas studies have shown the 

accumulation of viruses in similar species (Giralomo et al. 1972). No 

studies on Australian crustacea and the uptake of pathogens are known. 

However, studies have shown the accumulation of toxic chemicals within 

such species (SPCC, 1979). In the SPCC study, the concentration of toxic 

chemicals was much higher for Scylla serrata than Portunus pelagicus 

(Blue swimmer). Presumably this reflects the relative proportions of 

their life cycles spent within the Botany Bay embayment and associated 

estuarine areas. 

This investigation of estuarine water quality is aimed at identi

fying the location of point sources of bacteriological pollutants within 

the Camden Haven estuary. The investigation is based on the data 

available from Health Commission and University of N.S.W. analysis of 

Camden Haven oysters. Oysters were sampled in 1979 and 1980. The 

objective of the investigation is the abatement and control of bacteriol

ogical pollutants at their source. Such an objective provides for improved 

public amenity, whether it be the consumption of oysters (commercial or 

non-commercial harvesting)' the consumption of other species (e.g. ScyUa 

serrata) or the reduced likelihood of viral intake during recreational 

pursuits (e.g. boating, swimming). Further, the identification of viral 

bacteriological pollution sources provides information on other pollutants, 
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For example, viral bacteria are often associated with partially treated 

or untreated sewage. Organic pollutants and toxic chemicals make up 

the bulk of such discharges. 

3-2: PATHOGENIC ORGANISMS AND THEIR INDICATORS 

The intestinal pathogens of man and other animals are generally. 

recognized as those most likely to cause disease. Knowledge of the 

survival rates and infectiousness of these pathogens in natural water 

bodies, their transportation within the environment and from environ-

ment to man and other species is incomplete. Therefore it is not 

practical to set quantitative limits on pathogens in water or food (e.g. 

oysters). Quantitative criteria are set however, for indicator organisms 

such as total and faecal coliforms and E. coli. These indicator organisms 

serve to indicate faecal pollution but cannot be taken as a measure of 

the quantitative degree of pollution by pathogenic microorganisms. The 

general philosophy in using indicator bacteria is that if it can be shown 

that faecal comtamination of the water has occurred, then pathogenic organ

isms may also be present. The Health Commission investigation of pathogenic 

contamination of oysters is based on such an assumption. Oysters were 

analysed for Standard Plate Count/gram, Faecal Col iforms/IOO grams and ~. 

coli/IOO grams. 

The standard plate count is of use as a comparative analysis between 

sites. An increased plate count either temporally or spatially may give an 

indication of pollution character. Spatial variation will reflect the 

location of point or non-point sources of pollutants and the associated 

hydrodynamics of the water body. Temporal variation provides information 

on the systems behaviour during such as rain events together with further 

indication on sources of pollutants as ex' 1st or are d accentuate by such 
as runoff. 

Coliform organisms are indicators of faecal contamination. The 

excreta of man, other mammals and birds contain E. coli in large numbers 

(100 to 1000 million per gram). Th f h' e occurrence 0 t IS organism in water 
indicates the direct or indirect co t . . b n amlnatlon y matter orginating in the 
intestines of warm-blooded animals. Other col iform organisms are widely 

distributed in nature and may gain access to water from non-faecal sources 

such as plants, grains and soils (Geldreich, E.E., B.A. Kenner and P.W. 

Kabler, 1964; Papavassil iou, J., S. Tzannetis, H. Yeka and G. Michapoulos, 

1967). Because of this wide distribution, small numbers are expected to 
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gain entry to human and animal intestines in food 

E. coZi generally do not mUltiply outside the intentines of 

warm-blooded animals and are found to survive for shorter peiods in 

natural water than do t~e coliform organisms as a whole. The presence 

of coliform organisms in natural waters, in the absence of faecal col i

form is indicative of less recent faecal pollution, atmospherIc contami

nation, access of soil runoff water, or actual growth in the water on 

decaying vegetation or other organic matter. 

There is no quantitative correlation between total col iforms and 

faecal coliforms. In domestic sewage faecal col iform density is found to 

be 10% to 30% of the total col iform density. In natural waters relatively 

free from recent pollution by enteric wastes, the faecal coliform density 

is unlikely to exceed 10% of the total coliform density (Hart, 1974). 

There are however, too many variables relating to enteric pollution, run

off water and natural water qual ity to permit a sweeping generalization 

on the numerical relationships between faecal and total coliforms. 

To provide some indication of the appropriate interpretation of 

the presence and concentration of col iform bacteria and faecal coliform 

Table 3-1 has been adapted from Hart (1974). This table provides detail 

of the'bacteriological criteria'for domestic water supplies. Similar 

'criteria' are applicable to food (e.g. 2.3 E. coZi/gram of oyster). 

TABLE 3-1: BACTERIOLOGICAL CRtTERIA FOR DOMESTIC 
WATER SUPPL IES 
(After Hart, 1974) 
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. 3-3: PATHOGENIC ORGANISMS AND WATER QUALITY FOR RECREATION 

One of the objectives of this analysis is to provide water 

qual ity of suitable standard for recreational actitivies·. The following 

discussion on recreational water quality has been adapted from Hart (1974) 

and others as referenced. This review provides sufficient background 

information for the purposes of this analysis. 

The 1 iterature on communicable disease as attributed to swimming 

has been reviewed by Moore (1954, 1970, 1971) and Brison (1968). While 

there is an array of diseases potentially transmitted by the water route, 

relatively few are known to pose a serious threat to the swimmer. In 

general, the types of diseases whose transmission has been associated 

with swimming and bathing are: eye, ear, nose and throat infections; 

skin diseases and gastrointestinal disorders. 

It is to be expected that enteric infections (e.g. gastroenteritis, 

infectious hepatitis) from recreational waters would be much less signI

ficant than from drinking water since much smaller amounts of water are 

ingested during swimming and other water-associated activities. However, 

cases of typhoid and other intestinal diseases contracted from polluted 

water have been reported in the I iterature (McKee and Wolf, 1963; Holden, 

1970; Mechalas et aZ., 1972), and there is a growing concern that viral 

infections, particularly infectious hepatitis, may be contracted from 

bathing in sewage - polluted waters (Camp, 1963). Available data 

indicate that a faecal col iform level of around 200 organisms/IOO ml 

represents a level at which there exists a significant probabil ity that 

pathogens will be present in the water. Using this level as a basis 

Hart (1974) provides the following table which may be regarded as a 

guide for classification of the bacteriological qual ity of recreational 

waters. 

Faecal Col iform (organisms/IOO ml) 

>2,000 

1,000 to 2,000 

50 to 200 

< 50 

Classification 

Heavily polluted, water objectionable 

Distinct pollution, water suspect 

S I i g h t po II uti on 

Satisfactory water 
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3-4: CONSUMPT(ON AND CONTAINMENT OF BACTERIA WITHIN ESTUARINE SYSTEMS 

The fate of sewage bacteria within estuarine systems has been 

extensively researched. Most research has concentrated on the behaviour 

of E. coli. Again it must be stressed that E. coli is but an indicator 

organism. Viral pathogens mayor may not behave in a similar manner. 

Microbial communities in aquatic systems are in a state of 

biological equilibrium. Discharge of sewage into the system constitutes 

a biologi"cal stress. When this occurs, self-regulatory mechanisms operate 

to help restore the initial microbial balance. This results in the alien 

microorganisms such as E. coZi being rapidly destroyed (Orlab, 1956; 

Klock,1971). 

Self-regulatory mechanisms, to maintain biological equilibrium, 

can be either abiotic or biotic. These abiotic or biotic factors not only 

oppose changes from outside the population but control the number of 

individuals within the natural population. Consider first abiotic factors. 

Sewage entering an estuarine system at any point disperses to some extent. 

The degree of dispersal depends upon the hydrodynamics of the estuary 

(Carter, 1973). Although such dilution is important, it is not of suf

ficient magnitude to explain the observed enormous decreases in numbers 

of coliform bacteria in seawater (Ketchum, Ayers and Vaccaro, 1952), 

Roper and Marshall (1979), in a review of past research 1 ist the 

following abiotic factors of varying importance:-

Sedimentation: A significant reduction of the number of 

bacteria in suspension is achieved through sedimentation. Resuspension 

may occur, for example with a change in sal inity. 

Sunlight: Sunlight has a destructive effect on bacteria. 

Because sunlight affects only the surface waters « 20 cm), sunlight is 

not considered of primary importance. 

Osmotic Shock: Salt concentrations found in seawater may 

exert some bactericidal action, however, the accompanying temperature 

changes may be more detrimental to bacterial survival. 

Additional factors include pH, presence of heavy metals and presence of 

organi~ matter. These abiotic factors in total, while having significant 

effects on the survival of enteric bacteria in saline conditions, are not 

of sufficient magnitude to explain the rapid decl ine in bacterial numbers 

observed by some researchers (Rosenfeld and Zobel 1, 1947; Ketchum et aZ. 

1952) . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

64. 

Biotically it is 1 i'kely that predation and parastttsm are 

highly significant in causing the decline of enteric bacteria in 

aquatic systems (Ketchum et aL., 1952; Mitchell ,Yankofsky and Jannasch, 

1967; Mi tchell, 1968; 1971; Enzinger and Cooper, 1976). With the intro

duction of large numbers of sewage bacteria, a succession of mircoorgan

ism begins, with larger organisms preying on smaller ones. This results 

in an energy flow through to the larger forms and eventually the initial 

microbial balance is restored. 

Research by Roper and Marshall (1979) has revealed that bacterial 

parasites: bacteriophage (Bdellovibro) lytic bacteria (Polyangium) and 

predatory amoebae (Vexillifera}are the major factors responsible for the 

control of col iform bacteria in waters polluted by sewage. Roper and 

Marshall in subsequent research found that anaerobic conditions, which 

are encountered in sediments below the sediment water interface, prevented 

parasitism of E. coli by Bdellovibro, as well as predation by Polyangium 

and Vexillifera, but had no effect on the E. coli - bacteriophage inter

action. Investigations of E. coli survival in the Georges River had 

revealed that sediment particulates prolong the survival of bacteria. 

Roper and Marshall concluded that protection of E. coli and possibly other 

faecal bacteria from natural antagonists may result in accumulation of 

these organisms in saline sediments. Desorption by dilution may occur 

during heavy rains. This desorption, coupled with the coliform bacteria 

contained within runoff, may result in abnormally high concentration of 

such as E. coli within estuarine waters during rain periods. Poor 

perfo rmance of such as sept ie tanks du ring these per iods may compound 

the problem. 

Within the Camden Haven, Watson Taylor Lake of 12.7 sq, kilometres 

and Queens Lake of 12.1 sq. kilometres act as sediment sinks for the 

catchment. These lakes have the potential to accumulate E. coli and 

possibly other faecal bacteria within their sediments. Desorption by 

dilution during heavy rains may, because of the lake's size and thus 

storage capacity provide significant concentrations of E. coli to the 

estuarine system. Recognition of this storage and release function oper

ating within the lakes will assist in understanding variation in E. coli 

concentration within oysters during different climatic events and subse

quent water conductivity. 
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3-5: SOURCES AND TRANSPORT OF FAECAL BACTERIA WITHIN THE CAMDEN 
HAVEN CATCHMENT 

a) Upper Catchment and up-river estua:t'ine sections of the 

Camden Haven and Stewarts rivers (above Watson-Taylor lake): 

Watson-Taylor lake connects both Stewarts and Camden Haven rivers 

to the ocean entrance section of the river. Most of the up-catchment 

agricultural and urban development fronts these rivers. Below the tidal 

limit agriculture is generally restricted to grazing with some small 

cropping. River bank vegetation is often minimal. Urban development is 

restricted to isolated dwellings, several village clusters and the town

ship of Kendall. Most residents have septic tanks. Performance of these 

tanks is varied. Location of these tanks is often inadequate for extended 

retention time. Many septic tanks, including those of a club are within 

20 metres of the river bank. 

Above the tidal limit on both Stewarts and Camden Haven rivers 

grazing gives way to a dairying/grazing mix with small cropping and 

extensive improved pasture areas. There are no large scale intensive 

feed lot operations in either catchment. Stream bank vegetation of any 

width is absent in most of the agricultural areas. Access to the rivers 

is often directly available to cattle for drinking purposes. Housing is 

generally restricted to single dwellings. Forested lands fringe the 

upper catchment. These are predominantly State Forests. 

Data is available on the bacterial pollutants within the fresh 

water of the Camden Haven river. Figures 2-9a and 2-9b detail the 

bacterial population in the Camden Haven river at Logans Crossing. Data 

presented spans the period June 1977 to March 1979. Although bacterial 

water quality tests have been carried out from March 1979 to the present, 

no data was made available. Oyster qual ity tests were carried out on 

oysters sampled between 21 March 1979 and 25 March 1980. This reduces 

the appl icabil ity of Figures 2-9a and 2-9b. However, as already discussed 

in section 2-4 bacterial population in the up-river system mirrors discharge. 

It has been assumed that such behaviour is a characteristic of runoff, 

particularly surface and subsurface runoff, with test results reflecting 

bacterial population exclusively at time of sampling. Higher concentrations 

of faecal col iforms can be expected during the peak runoff period of each 

rain event. Some indication of the magnitude of this upper catchment 

'source' in total can be gained from a consideration of discharge during 

the oyster sampl ing period. (Refer to section 3-6 and Figure 3-1). 
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For this up-river 'source' faecal coliforms/total coliform 

density has a mean of 26%, at a standard deviation of 12%. While recog

nizing that there is no definitive quantitative correlation for faecal 

coliform/total col iform, this mean indicates in qual itative terms that 

a significant proportion of the bacterial pollution is from enteric 

wastes. It is expected that the main sources are cattle and septic tanks. 

b) Camden Haven Rive~ - below Watson-Taylor Lake: 

The land adjoining the main river below Watson Taylor is predom

inantly urban, containing the townships of Laurieton, North Haven. Dunbogan, 

Dicks Hill and Camden Head. This urban area contains in total more than 

1500 lots and includes commercial ,residential and hoI iday accommodation. 

Most lots are sewered. The sewage treatment works is located in the hind 

dune area between Dunbogan and the ocean. The treatment plant has a maxi

mum design capacity of 7.500 persons. During summer (peak holiday period). 

with a total population of greater than 10,000 people. the sewage works 

are overloaded (Hastings Municipal Council, 1981). However, with ocean 

outfal I, the adverse impacts of the overloading are not immediately 

apparent. Contamination of the estuarine waters has not been reported. 

In the lower estuarine sector of the Camden Haven oysters are grown 

within two discrete areas. the main river channel up river of the Laurieton

Dunbogan bridge and Gogleys Lagoon. off the main river channel near the 

ocean entrancp. Figure 3-2 details the location of all oyster leases. 

The river channel area is upstream of most of the urban development. 

Several residences and one caravan park front the river on the eastern 

bank. A canal-based housing estate is presently being planned for the 

western foreshores, adjacent to Moores Island. 

All freshwater from the Camden Haven and Stewarts rivers flows 

through the river channel area after mixing with the waters contained 

within Watson-Taylor lake. Tidal flow of water to Watson-Taylor lake is 

generally of the order of 6.5 x 106 cubic metres (P.W.D. 1978, 1979). 

River width varies from 750 to 1400 metres, with Sinclair Knight (1981) 

estimating a effective channel width of between 250 and 350 metres. No 

quantitative assessment of flow character through this channel area is 

available, however observations during field work indicate that flow during ti 

periods is generally laminar, excessive turbulence and cross-channel 

mixing only occurring during periods of fresh. Oysters sampled and analysed 

by the Health Commission and the University of N.S.W. include those from 
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four leases within this area (Table 3-2). 

c) GogZeys Lagoon: 

The lagoon was formed in 1902 when the construction of the 

southern training wall isolated a section of the lower reaches of the 

Camden Haven. Prior to construction of the training wall the main 

river entrance channel swept around the base of Camden Head, past 

Dicks Hill and Dunbogan. The main entrance channel to the present 

Gogleys lagoon is at the western end of the lagoon between Dunbogan and 

Gogleys Island. The southern training wall has been breached during 

flood events on several occasions. 

Tidal flow into and out of the lagoon now occurs at the western 

and eastern entrances and at several points along the training wall. 

Total tidal flow is of the order of 1.3 x lOS cubic metres, with water 

within the lagoon exchanged in two tidal cycles (PWD, 1977), Of this 

flow, the Department of Public Works estimated that 69% entered through 

the western entrance, 16% through the eastern entrance and 1St through 

training wall breeches. Analysis of circulation patterns within Gogleys 

lagoon (PWD, 1977) has indicated that a nett circulation of 12% occurs, 

the waters being well mixed during a tidal cycle. During the flood tide 

approximately 10% of the water entering the lagoon from the western 

entrance is river water from the preeding ebb tide. 

The growing of oysters in Gogleys lagoon started on a large scale 

in 1965 with racks being built on the main sand banks. Since 1972, the 

use of-the area has intensified and racks now cover between forty and 

fifty percent of the waterway. Oysters from five leases within Gogleys 

lagoon were sampled by the Health Commission and University of N.S.W. 

d) Queer.s Lake ar.d Stingray Creek.: 

Queens lake is fed by Herons Creek catchment and three smaller, 

largely forested catchments (Waterloo, Bobs and limeburners Creek catch

ments). Herons Creek catchment is of simi lar development character as 

Stewarts River catch~ent, but of smaller scale. Contribution by Herons 

Creek catchment of faeCal bacteria to the estuarine system is expected to 

be minimal. No data is available. Urban development fronts the southern 

shore of Queens lake and associated Cemetry Bay. Most of the area is 

se'"ered. Further expansion of the urban area and associated developments 

is planned (Hastings Muncipal Council, 1981). 

Stingray Creek joins Queens lake to the main river approximately 

three ki lometres above the ocean entrance and approximately five kilometres 
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below Watson-Taylor Lake. Tidal flow of water to Q.ueens Lake is of the 

order of 2 x 10
6 

cubic metres (PWD 1978, 1979). Flow within Stingray 

Creek is generally laminar within channel areas. Edge effects and 

associated turbulence have been observed during normal tidal flow periods. 

Maximum velocity of tidal flow recorded at Stingray Creek entrance to the 

main river is 0.9 metres per second (PWD, 1979). Within Q.ueens Lake itself 

velocities of flow are much reduced. Channel configuration is similarly 

reduced. Sinclair Knight (1981) define a storage area between Herons 

Creek entrance and Stingray Creek ranging between 2.91 kilometres and 2.11 

kilometres width. Associated effective channel width varies. Sinclair 

Knight (1981) define the width of conveyance area as 230 metres at Herons 

Creek entrance, 900 metres adjacent to Christmas Cove Caravan Park and 169 

metres within Stingray Creek proper, below Cemetry Bay. Oysters sampled 

and analyzed by the Health Commission and University of N.S.W. include 

those from seven leases within Queens Lake and one lease in Stingray Creek 

downstream of Cemetry Bay. 

3-6: INTERPRETATION OF DATA AND IDENTIFICATION OF MAJOR BACTERIAL 
POLLUTION SOURCES 

a) Method of Analysis: 

In total there have been seventy four analyses of oyster composites 

from leases within the Camden Haven. Samples were collected in the 

period 21 March 1979 to 25 March 1980. Samples were not collected in 

any defined spatial arrangement, nor was sampling directly in response 

to climatic or estuarine hydrodynamic conditions. Tables 3-2,3-3, 3-4 

and 3-5 have assembled all the available data for a series of leases in 

an attempt to aid interpretation and the identification of pollution 

sources. Tables 3-2, 3-3 and 3-4 provide comparative data between leases 

in the same general area. Table 3-5 provides all available date for those 

three leases which consistently displayed higher concentrations of E. coli 

than other leases within the same general location. Figure 3-2 depicts 

the location of all oyster leases within the Camden Haven. 

Associated with the tables are indication of up-river discharge, 

local runoff and probable desorption rate from sediments. This information 

is provided as a preliminary quantification of possible sources and their 

impacts under differing climatic conditions. Up-river discharge details 

the actual fresh water flow for Camden Haven and Stewarts Rivers on the 

day of oyster sampl ing. 
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FIGURE 3-1: DAILY' DISCHARGE FOR CAMDEN HAVEN AND STEWARTS RIVERS, MARCH 1979 TO MARCH 1980 
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TABLE 3-2: Comparative Analysis of Oyster Contamination within 
the Camden Haven River 

LEASE: 71-192 
(Adjacent to Caravan Park) 

I 
Plate Count 2 
Faeca I to II forml 
E. ooli3 

LEASE: 71-97 
(Opposite Caravan Park, West Bank) 

Plate Count 
Faeca I Co I i forms 
E. coli 

LEASE: 68-66 
(West Bank, towards Watson Taylor) 

Plate Count 
Fa~cal Col I forms 
E. coli 

LEASE: 70-452 
(Eas1t Bank, upstream of 71-1· 2) 

Plate Count 
Faecal Col i forms 
E. coli 

Up-river Discharge6 

Loca I Runoff 

Probable Desorption Rate from Sediments 

·1. P I a te Coun tin Popu I at ion/ gram 

Oate of Sample 

4 29.5.79 

1.62 x 105 
2,000 

11,000 

1.51 x 105 
230 
700 

I .30 " 105 
200 
400 

1.24x105 
150 
900 

Moderate (128/28.5) 

High 

Moderate 

2. Faecal Co I i forms in Popul at ion/I 00 grams 

3. E. coZi in Population/laO grams 

4. Tests done by University of H. S. II. 

S. Tests done by Health Commission 

Date of Sample 

4 7.8.79 

4.8 x 104 

90 
150 

5 104 
.2 " 

Hi I 
40 

3.35 x 104 
40 
90 

2.9 " 10
4 

40 
40 

Low (96.0/9.73) 

Hi I 

Hi I 

6. /legal itreo/day for Camden Haven and Stewarts Rivers, respectively. 
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TABLE 3-3: Comparative Analysis of Oyster Contamination within 
Gogleys Lagoon 

LEASE: 76- 30 
(Western Entrance Channel) 

Plate Count l 2 
Fuca I Call forms 
E. oatil 

LEASE: 64-103 
(Eastern-most Lease) 

Plate Count 
Faecal Coliforms 
E. coli 

LEASE: 64-166 
(Lagoon Cent re) 

Plate Count 
faecal Col iforms 
E. ooU 

LEASE: 64-169 
(Northern-most of Centre Cluster) 

Plate Count 
Faecal Coliforms 
E. ooli 

LEASE: 68-273 
(Central to East) 

Plate Count 
Faecal Col iforms 
E. oali 

Date of Sample 
4 29.5.79 

1.95 j( 105 
400 
1,500 

1.8 x 105 
400 
900 

2.05 x 105 
210 
700 

2.2 x 105 
210 
230 

2.73 x 105 
230 
700 

Date of Sanple .. 
7.8.79 

1.8 j( 104 

40 
40 

2.6 x 104 

40 
230 

1.2 x 104 

Hi I 
90 

2. I x 104 

90 
150 

1.55x104 

90 
90 

NOTE: All qual i tative factors are as for Table 3-2. 
and desorption are of reduced importance; <20% 
entering Gogleys Lagoon being river water. 

Up-river discharge 
of flood tide waters 

I. PI"te Count In Population/gram 

2. Faecal Coliforms in Population/lOa grams 

3. E. ooli in Population/IOO grams 

4. Te.ts done by University of N.S.W. 

5. Tests done by Health Commission 

6. Hegalitres/day for Camden Haven and Stewarts Rivers, respectively. 
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TABLE 3~4: Comparative Analysis of Oyster Contamination within 
Queens Lake 

Date of Sam~ I e Date of Sam~le 

LEASE: 75~51 

(Closest to Caravan Park) 

Pllte Count l 2 
Faecal Col I forms 
E. ooU3 

LEASE: 66-39 
(Downstream of Caravan Park) 

Plate Count 
Faecal Coliforms 
E. coli 

LEASE: 66-157 
(Stingray Creek) 

Plate Count 
Faecal Col iforms 
E. coli 

D. 6 Up-river Ischarge 

Loca I Runoff 

Probable Desorption Characteristics 

21.3.79 5 

I .5 " 104 
330 
330 

4 1.5 x 10 
1,300 
170 

I. 2 " 10~ 
330 
170 

High (J~3176. 0)6 

Low-Moderate 

/Ioderate-High 

I. Plate tount In Populatlon/gr~m 

2. Faecal Collforms in Populatlon/IOO grams 

3. E. ooli In Population/IOO grams 

4. Tests done by University of N.S.W. 

5. Tests done by Health Commission 

2.5.79 5 

8.0 " 102 

110 
80 

1.0 x 103 

490 
80 

I .6 " 105 
130 
130 

Low l79.7121.4) 

Ni I 

Low 

6. Hegalitres/day for Camden Haven and Stewarts Rivers, respectively 

Date of Sa~le 

18.7.79 5 

2.0 x 102 

<20 
<20 

1.1 x 103 

20 
20 

1.1 x 104 

490 
490 

Moderate 

Hi I 

(108125.5) 

Moderate/Low 

Date of Samp I e 

8.8.79 
5 

~.o x 10 2 

2,400 
2,400 

1.0 x 102 

50 
50 

6 x 102 

20 
20 

Low /9.73) 

Hi I 

tnl 
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TABLE 3-5:"Oyster Contamination within three key leases, 
Camden Haven Estuary 

L:ASE: 75-51 
(Queens Lake, Closest to Caravan Park) 

Pl ate Count 1 2 
:ae::a~ .~ol j"forlTls 
:.... ::.:!.:.. 

~[;'S~: 76-30 
'.G09Ieys Lagoon, Western Entrance Channel) 

-late Count 
raeca 1 Col i forms 
Z. cc~i 

LEA.SE: 71-192 
~Ca~den Haven River, Adjacent to Caravan Park) 

. O' 6 U~-rlver Ischarge 

~oca I Runoff 

?Io~able Desorption Rate from Sedi~er,ts 

LEASE: 75-51 
(Queens Lake, Closest to Caravan Park) 

Plate Count 
Faecal Coliforms 
::. '~oU 

LEASE: 76-30 
(Gogleys Lagoon, Western Entrance Channel) 

Plate Count 
Faecal Col iforms 
~. coZi 

LEASE: 71-192 
(Camden Haven River, Adjacent to Caravan Park) 

Plate Count 
Faecal Col iforms 
2. (JoU 

Up-river Discharge 

Loea I Runo ff 

Probable Desorption Rate from Sediments 

Date of Sample 

1.5 x 104 

330 
330 

4 5.0 x 10 
2,400 
2,400 

2 x 104 

16.090 
16,090 

High (340/76.0) 

High 

Moderate-High 

~ate of Sa",ple 

5 8.B.79 

4 x 10Z 
2,400 
2,400 

<10 3 
50 
ZO 

1.6 
20 
20 

La ... 

Ni I 

Hi I 

)( 1'03 

( /9.73) 

I. Plate Count in Population/gram 

2. Faecal Coliforms in Population/IOO grams 

3. E. coZi in Population/lOa grams 

4. Tests done by University of N.S.W. 

5. Tests done by Health Commission 

6. Hegalitres/day for Camden Haven and Stewarts"Rivers, respectively. 

Date of Samp Ie 

5 2.5.79 

S.O x 
110 
80 

2.7 x 103 
230 

50 

7.0 x 102 

50 
20 

Low 09.7/21.4) 

Hi I 

Low 

Date of Sample 

2.10.79 5 

8.0 x 10 2 

80 
50 

x 10Z 
<20 
<20 

1.1 x 10 3 
80 
80 

Min i i1'.a I 

Ni I 

Hi I 

.-/ 

/5.55) 

Date of Sample 

4 
29.5.79 

No sal11>le 

1.95x103 

400 
1,500 

1.62 x 105 
2,000 

11,000 

Date of Sample 

IS.7.7,s 

2 " 
<20 
<20 

1.0 x 102 

110 
110 

5.0 x 102 

80 
So 

Date of Sample 

4 
7.S.79 

No sample 

1.8 " 10
4 

40 
40 

4.B x 104 

90 
150 

Moderate (128/28.5) Moderate (IOB/25.5) Low (96.0/9.73) 

High' 

Moderate 

Date of Same Ie 

13.11.795 

1.7 x 10 3 

20 
20 

1.7 x 103 

490 
490 

7.0 x 102 

3,480 
3.4BO 

Minimal 

:-Iode ra te 

Ni I 

/6.26) 

Hi I 

Moderate-low 

Cate of Samp I e 

8. 1.805 

3 x 102 

<20 
<20 

4.0 x 102 

Z30 
130 

4 x 102 

700 
7100 

Mini;nal 

Low 

Ni I 

/ 

Ni I 

Hi I 

Date of Samole 

.99) 

20.2.305 

I. I x 10 3 

50 
50 

3.0 x 103 
1.300 

3 )0 

I .2 x 10 3 

80 
So 

Mi;j i~al 

Ni I 

Ni 1 

/ .23) 
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Flow is in megalitres per day and has been obtained from data provided 

by the Water Resources Commission. Discharge data for the period of 

oyster sampling is presented in Figure 3-1. Fresh water flow of signifi

cant magnitude only occurred during March, May and June-July 1979. Samples 

taken on March 21 are most likely to contain faecal coliforms of any 

quantity from up-river sources. With no detailed knowledge of the 

survival of E. coZi within the Camden Haven estuarine system, let alone 

any knowledge of the behaviour of viral pathogens, no quantitative assess

ment is possible. Oysters sampled during this period were generally of 

higher contamination levels than those of other periods, however a signi

ficant proportion of this contamination is attributable to local runoff 

and desorption from estuarine sediment. 

All oysters sampled subsequent to July 1979 can be assumed to be 

free'of contamination by faecal col iforms transported within river flows 

from the upper catchment to the lower estuarine areas. This assumption 

is based upon the magnitude of river flow, recorded faecal coliform 

concentrations during similar flow conditions {refer to Figure 2-9b)and 

recognition of the survival rate of E. coZi within aquatic systems. 

Local runoff has been assessed qualitatively on the basis of rain

fall records. Rainfall data is available for Laurieton, Kendall and 

Comboyne. The concern here was to define periods of high runoff in the 

urban areas adjacent to the oyster leases. Inadequate storage and treat

ment of wastes within septic tanks is more likely to occur during such 

periods. Rainfall records for Laurieton were used as the basis for the 

classification. of runoff. Runoff characteristics up stream may be 

different. Figure 2-5 depicts monthly rainfall for Laurleton, Kendall 

and Comboyne for the period 1976 to 1981. Significant differences in 

rainfall quantity and pattern exist for the three centres. 

Probablp. desorption rate from sediments has been assessed as a 

function of up-river discharge and knowledge of the expected salinity 

variation associated with discharge. Salinity fluctuation within the 

Camden Haven estuary has been monitored for the period August, 1980 

to December 1981 (Technical Report No.2). Desorption, and for that 

matter contamination from within up-river discharge are more I ikely to 

affect those oysters below Watson-Taylor lake in the main river (Leases 

71-192, 71-97, 68-66, 70-452). However, because the major source of 

sewage. pollution found by this study is within the vicinity, no quantitative 
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FIGURE 3-2: OYSTER LEASE LOCATION, CAMDEN HAVEN 
ESTUARY. 

Data suppl ied by N.S.W. State 
Fisheries. 
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assessment of the contribution of desorption can be made •. 

General location of possible sources of bacteriological 

pollution was obtained from the preceeding analysis and accompanying 

tables. On-site investigation of these areas resulted in the identi

fication of two major sources of bacteriological pollution. Both sources 

were caravan parks, with pollution being the result of poorly located 

and overtaxed septic systems. 

b) Caravan Park, Main River Channel 

This caravan park is located adjacent to lease 71-192 (Tables 

3-2 and 3-5). Table 3-2 illustrates the relative levels of pollution 

from this source during periods of high and nil runoff. Correlation 

with estuarine hydrodynamics and the channel behaviour of flow at this 

site is illustrated by the comtamination level of samples from oyster 

lease 70-452, on the same side of the river, as compared to leases 71-99 

and 68-66 on the western bank of the main channel. Excellent correlation 

exists between lease 71-192 and local runoff characteristics, as evidenced 

in Table 3-5. On-site investigation revealed a drainage channel dis

charging directly to the estuary. Algal blooms within the drainage channel 

and on the estuarine mud flat were consistent with high nutrient loadings. 

Once within the estuary, rapid dispersal of pollutants is gained through 

tidal movement. It is expected, because of the magnitude of discharge 

and tidal mixing available that the impact of this discharge on oysters 

is not contained within the river channel, but may affect other areas. 

Fairly good correlation exists between lease 76-30 and 71-192 (Table 3-5). 

This correlation between Gogleys Lagoon entrance channel and the main 

river channel may reflect the estuarine hydrodynamics and transport 

mechanisms operating within the Camden Haven. Alternatively the cor

relation may simply be a function of local runoff, a second source of 

smaller proportions being located in close proximity to lease 76-30. 
No second source was located. Investigation revealed that all sites in 

the Gogleys Lagoon area have been on sewage for several years. All con

nections, including the amenities block in the park adjacent to Gogleys 

Lagoon entrance are believed to have been implemented well prior to 

oyster sampling (Personal Communication - Hastings Municipal Council). 

The high levels of comtamination in lease 76-)0 (at Gogleys Lagoon 

entrance) are thus attributed to contamination entering the lagoon from 

the main river, particularly from sources such as the Caravan Park. 
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Hastings Municipal Council were notified of the inadequacy 

of sewage waste treatment by the Caravan Park. Council dye tests 

during a dry period (late 1981) did not indicate contamination of 

estuarine waters. However the Caravan Park proprietor reported to 

Council that caravan owners often emptied their sullage into the drain. 

Residents of the park have been asked to cease this practice. This 

may account for the levels of contamination during low runoff periods. 

No dye tests have been done during or after periods of runoff. It 

is postulated that during these periods subsurface runoff through the 

highly permeable sand assists in transporting wastes to the estuary, 

The disposal of shower water wastes adjacent to faecal wastes places 

further stress on the sand's ability to assimilate waste. The presence 

of the drainage channel would accelerate the transport of waste. Trans-

port by the watertable may also occur. During high rainfall 

periods, because the area is already under stress from shower wastes, 

the water table may rise sufficiently to transport wastes. 

It is recommended that:-

The drainage channel be filled with a gravel/soil mix to 

slow the transport of water/waste, yet still act as a semi

permanent disposal system. Conventional semi-cyl indrical 

drainage arches may be required. 

Tests be carried out on the system during periods of sub

surface runoff. Substandard performance by the system has 

been observed during periods of slight sub-surface runoff, 

The Caravan Park, being an area of high use, and because 

of its location be connected to sewage or, a pump out 

system, be installed. 

Note: Discussions concerning septic tank performance with 

Health and Building officers of several north coast Councils have 

indicated a philosophy of tolerance to the poor performance of septics 

when under stress. Generally Council representatives are reluctant to 

test septics during or after periods of rainfall. An investigation of 

the use of septic tanks may lead to the establishment of definitive 

guidelines and regulations for their use within the Coastal Region of 

N. S. W. 
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c) Caravan Park, Queens Lake 

This caravan park is located on the southern foreshore of Queens 

Lake. Closest oyster lease is 75-51, slightly upstream, with lease 66-

39 downstream of the caravan park. Table 3-4 gives the comtamination rate 

under various conditions for these two oyster leases. As a quantifier 

of the input/output from Queens Lake of faecal pollution, comtamination 

in lease 66-157 (situated in Sttngray Creek) has been included. Due to 

the magnitude of faecal col iforms and E. coli within oyster samples, 

pollution from this source was not thought to be as great as that from 

the Caravan Park on the main river channel. However on-site investigation 

revealed that discharge was occurring by means of an open drain as well 

as through the emergence of subsurface flow on the lake foreshore. This 

discharge was toasmall cove, remote from the main channel of flow within 

Queens Lake. In situ faecal contamination is thus expected to be much 

higher than that within oysters sampled from adjacent leases. At point of 

entry of discharge,algal blooms, very dense zostera and a overabundance 

of many forms of estuarine life evidenced the high nutrient loading, sub

sequent partial eutrophication of waters and limited flushing of the site 

during tidal cycles. 

Hastings Municipal Council were notified of the inadequacy of 

waste treatment by the Caravan Park. Residence time for waters within 

the septic treatment plant was tested using dyes. The system was found 

to be overloaded. Council have arranged for the connection of the 

Caravan Park to the Municipal sewage system. 

3-7: THE APPLICATION OF FURTHER SAMPLING AND ANALYSIS OF OYSTERS 

This discussion has documented the application of available data 

to the identification of point sources of bacterial pollution within 

the Camden Haven. No oyster analysis has occurred after the identifica

tion of the discharges from both Caravan Parks. Further sampling and 

analysis may prove of worth in locating additional sources of bacterial 

pollution within the estuarine area. Any sources located are expected 

to be of a minor nature. 

The location of one of the discharges in the main river channel 

below Watson-Taylor lake prohibited specific comments being made on up

riversources of bacterial pollution. Further oyster sampling, if done 

in response to defined climatic conditions would provide information on 

sources of bacterial pollution up-river, particularly in terms of their 
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magnitude and influence within the lower estuarine area. For these 

reasons, further sampling of Camden Haven oysters is recommended. 

Such sampling must be in response to climatic conditions and at specific 

10cations(leases)within the estuary. 

3-8: ASSOCIATED POLLUTANTS AND NUTRIENTS 

The identification of existing major sources of bacterial 

pollution within the Camden Haven also identifies major sources of 

organics, possibly some toxic chemicals, and of course, sources of viral 

pathogens. The control of the discharges from the caravan parks would 

ensure the reduction of pollution within the estuary, not only bacter

ially, but also in terms of oxygen demanding wastes and toxic chemicals. 

In assessing the biological consequences of such discharges there are 

usually two main considerations. One is the oxygen demand exerted as 

organic constituents of the discharges are broken down by microorganisms 

or by chemical reactions, thus reducing the oxygen content of the receiving 

waters. The second is the toxicity of the constituents of the discharge 

to aquatic life. Lowering of dissolved oxygen will enhance the toxicity 

of any poisonous waste constituent in the water. Both the oxygen demand 

and the toxicity are dependent upon the concentration of the various 

materials present. 

a) Oxygen Demanding Wastes: 

In this case, both discharges being sewage, prime concern is for 

the effect of the oxygen demanding organics on the estuarine system. 

Estuarine condition and productivity can be assessed through the moni

toring of dissolved oxygen levels at selected sites throughout an estuary. 

Both discharge sites were included in the field work program of dissolved 

oxygen monitoring. By monitoring the two sites of major discharge 

indication is given of estuarine behaviour under conditions of stress. 

Full detail of this aspect of the research program is given in the 

following chapter. 

b) Toxic ChemicaZs: 

No facilities were available for the chemical analysis of the 

discharges from the Caravan Parks to determine concentration levels of 

associ'ated toxic chemicals. Heavy metals within the Camden Haven have 

been investigated (N.J. Mackay, R.J. Wi II iams, J.L. Kaeprzac, M.N .. 

Kazacos, A.J. Collins, and E.H. Auty, 1975). These researchers investi

gated the concentrations of copper, zinc, cadmium, lead and arsenic in 
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oysters sampled from nineteen important oyster production areas within 

N.S.W. Further application of oysters as indicators of estuarine'pol

lution by trace metals and organochlorines is contained within the State 

Pollution Control Commission Environmental Control Study of Botany Bay 

(BBS 19 - Toxic Chemicals). No similar research has been done for the 

Camden Haven. 

Levels of all toxic chemicals within the estuarine area of the 

Camden Haven are not expected to be high. There are no major industrial 

areas within the catchment. The use of toxic chemicals is confined to 

the application of pesticides, weedicides and herbicides within the 

agricultural, forestry and urban sectors. By character of use and 

application methods these pollutants from the agricultural, forestry 

and urban sectors occur as non-point sources. Non-point sources of 

pollution are less easy to define and control, but measures to alleviate 

the effects of non-point sources are vital if water quality is to be 

monitored. Pisano (1976) considers that the problem of control of non

point sources of pollution is possibly equal to or greater than the 

problems caused by point sources. 

The approach to non-point source pollution control is generally 

based on the concept of "s tewardsh i p of the I and" (Depa rtment of Con

servation and Environment, Western Australia, 1980). Wise land use 

allocation and management can do much to reduce the transport of toxic 

chemicals to waterbodies. For example, the maintenance of stream bank 

vegetation by control I ing stock access, the control of runoff by contour 

ploughing, the provision of a filter strip adjacent to creeks during 

logging and the creation of retention ponds within urban areas are all 

means to control and to minimize the transport of toxic chemicals (and 

soil particles) to waterbodies. A inventory of catchment lands, their 

position with respect to stream flow and other relevant biophysical 

attributes is contained within Technical Report No. I. This report also 

contains recommendations for land use allocation and management, as 

relevant to pollution mitigation and control. 

c) ViraZ Pathogens: 

The impetus for the investigation of faecal contamination within 

oysters by the Health Commission was to determine the levels of faecal 

pollution within N.S.W. estuaries. The levels of pollution found has 

been used as evidence of the need for purification of oysters. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

75. 

Purification is aimed at the removal of viral pathogens. It must be 

emphasised that indicator organisms used (e.g. E. coU) only serve to 

indicate faecal pollution and cannot be taken as a measure of the 

quantitative degree of faecal pollution or of the presence of pathogenic 

microorganisms. The general phisosophy in using indicator bacteria is 

that if it can be shown that faecal contamination of the water has 

occurred, then pathogenic organisms may also be present. As stated by 

Hart (1974):-

"It should be stressed that indicators cannot se!'Ve as a 

direct means of measuring the presence of pathogens, either 

qualitatively or quantitatively, nor can they se!'Ve as a 

means of studying the su!'Vival of other microorganisms in 

water, whether it is natural water or water subject to 

artificial purification processes. It is genemlly assumed 

that by the time the indicator organisms have died off in 

water, any pathogenic microorganisms will also have lost 

their viability. However, because of the great variety of 

pathogens involved in water-borne transmission of disease 

and because of the vast differences in their morphological 

and physiological characteristics, this assumption is by 

no means always true". 

In the face of such lack of knowledge, control of viral pollution at its 

source is the only legitimate solution. Further, with the recognition 

that health risks associated with the ingestion of viral pathogens are 

not the domain of the oyster alone, purification of oysters can be seen 

as only part of any concern for public health. This study has located 

two sources of viral pathogens within the Camden Haven estuary. The 

control of these discharges can be seen as a reduction in the risk to 

public health, whether it be through the ingestion of oysters, mud crabs 

and other species, or through the intake of water during swimming and 

boating wi-thin the estuary or adjacent coastal waters. 

CONCLUDING COMMENTS - AN EVALUATION OF THE METHOD AND ITS 
APPLICATION TO THE COASTAL REGION 

a) Data Available 

The identification and assessment of two major sources of bacteria 

pollution for the Camden Haven catchment has been based upon the appli

cation of available data. The data used and also readily available for 
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most other N.S.W. estuaries is displayed below. 

TABLE 3-6: AVAILABLE DATA, SOURCES AND APPLICATION 

DATA SOURCE APPLICATION 

Fresh water quality 

Fresh water flow 

Sal inity fluctuation in 
oyster areas 

Oyster lease location 

Oyster contamination data 

Estuarine Hydrodynamics 

Land Use and Waste 

Treatment Data 

b) The Method: 

Local Counc i I Upper catchment contami-
nat i on 

Water Resources Com- Upper catchment contami-
mission nat ion 

N.S.W. State Fisheries Desorption of E. coli from 
sediments 

N.S.W. State Fisheries Point source location 

Health Commission 'of 
N.S.W. and 

Food Technology/UNSW 

Hydraulic Survey, 
P.W.D. 

Loca I Counci I 

Contamination levels 
throughout estuary 

Definition of transport 
within estuary 

Local knowledge and advice 

The application of the above data relies upon interpretation in 

a manner similar to that outl ined within the proceeding discussion of 

Camden Haven. Locations where a discharge is suspected to occur is defined 

by this analysis. On-site inspection of the defined locations is then 

necessary to locate imbalances wtihin shoreline estuarine biota. The 

presence of these imbalances "verifies" the location of a adverse dis

charge, excessive nutrients being mirrored by biotic performance. If the 

discharge is from a septic treatment system further verification can be 

obtained using the normal methods of dye testing. The only other major 

source of faecal pollution of N.S.W. estuaries is likely to be intensive 

animal feedlots. These are in most cases situated well up river. The 

lower estuary oyster producing areas are expected to respond to such a 

source in direct relation to their access to contaminated up river waters. 

The low survival rate of E. coli within estuarine waters will further 

dampen the effects of such sources. 

At most, the method will define all major sources of bacterial 

pollution within a catchment. At least, the method is pertinent to the 

resolution of bacterial pollution problems within the lower estuarine 
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areas. More often than not it is expected that such pollution problems 

are attributable to the poor location, performance and/or overtaxing of 

septic tank systems. 

c) The Application 

Septic systems are very much a part of coastal urban development 

within N.S.W. Concern is here expressed for two aspects of their use. 

Firstly there exists the problem of development intensity serviced by 

septics and the associated possibility of exceeding the soil's capacity 

for assimilation of waste. Secondly, recognition must be given to the 

location of septic tanks with respect to waterbodies and the possible 

rapid transport of nutrients, bacteria and viral pathogens to the water 

body. Consider first, density of development. While the effectiveness 

of septic effluent disposal systems depends upon local conditions such 

as soil type (permeability and water holding capacity) and ground water 

level, it has been suggested by Patterson, Minear and Nerved, (1971) that 

septic tanks are not satisfactory when the population is greater than 

2.5 famil ies per hectare. Caravan parks, clubs, hotels and amenities 

associated with recreational areas are obvious examples of facilities 

with high effluent loadings which may be unsuitable for septic treatment. 

The Environmental Protection Authority of Victoria considers that: 

"~ovision of a full sewage system, including tertiary 

treatment where dictated by water quality, should be a 

requirement in all urban subdividions, i.e. lots of 0,4 

hectares or less .............. In coastal areas with 

sandy soils nutrient enrichment of water bodies can occur 

from effluent discharges. These areas are generally not 

suitable for ground absorption of waste water' discharges". 

No similar recommendations are known to exist for N.S.W. Municipal 

Councils and Shires within northern N.S.W. are generally unaware of such 

problems, moderate to high density development often proceeding in coastal 

areas without adequate waste disposal facilities (Creighton, 1982). 

The site location of septic tanks within coastal areas where 

density of development and environmental conditions such as soil type 

are suitable is often inadequate (Creighton, 1982). The West Australian 

Department of Conservation and Environment discussing this aspect recom

mend that:-

" septic tanks and leach drains should be situated at least 

2 metres above the expected highest level of the water table 

to minimise the leaching Or' flushing of pollutants into the 
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grourzdLJater . .•.... 

Septic tanks and leach drains should be set back at a 

sufficient distance to minimise the transport of pol

lutants (in the soil 01' in the groundwater flow) to the 

water body". 

The Environmental Protection Authority of Victoria has nominated 

the following locational guidelines:-

100 metres from shallow, small and poorly flushed lakes 

50 metres from large deep lakes 

25 metres from major, minor and intermittent streams. 

These guidelines are in recognition of the possibility of nutrient 

contamination and the ability of the waterbody to assimilate wastes. 

Limited information is available on the behaviour of bacteria within the 

scope of these locational guidelines (e.g. Parker, Carbon and Grubb, 1979). 

Even further limited information is available on the behaviour of viral 

pathogens. With recognition of these factors the Department of Con

servation and Environment (W.A.) recommend that Ita minimum setback of 

100 metres from any wetland be adopted, and that greater setbacks be 

considered in cases of high density development". No guidel ines of a 

similar nature are known to exist for the coastal region of N.S.W. 

The Camden Haven was one of six northern N.S.W. rivers defined 

by the Health Commission as being heavily polluted by organisms of faecal 

origin. The information required for similar investigations of other 

estuaries is readily available. It is recommended that, at least, the 

Macleay, Brunswick, Wooli, Tweed and Manning Rivers be investigated for 

the location of point sources of bacterial pollution. If successful, the 

investigation could be extended to all oyster-growing estuaries within 

N.S.W. A project such as this would be simple to implement, assist in 

control of associated pollutants such as organics and viral pathogens, 

be of benefit to estuarine biota and, of benefit to the health of the 

general public. Recommendations could also be made towards the implem

entation of guidelines for the treatment of human waste within the coastal 

region of N.S.W. 
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SUMMARY 

Disease may be transmitted by viral pathogens. Viral 

pathogens may be present in estuarine waters or concentrated 

in shellfish. Coliform bacteria may be used as indicators 

for viral pathogens. 

The Health Commission has analized oysters from all the 

oyster producing estuaries of N.S.W. Series of leases 

in each estuary have been tested for Total Colony Count, 

Faecal Coliforms and E. coli. 

This data together with other available water quality, 

climatic and hydrodynamic data provides the basis for the 

identification of pollutant sources. 

Within the Camden Haven catchment two caravan parks were 

identified as being major sources of bacterial pollution. 

Both caravan parks were using septic systems to treat waste. 

The method has applicability to the other oyster growing 

estuaries of N.S.W. Septic systems are expected to be the 

major contributors to the bacterial pollution of estuaries. 

Associated with bacterial pollution are oxygen demanding 

wastes, toxic chemicals and viral pathogens. 

Public health problems are associated with this type of 

pollution. Control at source is preferable. Regulations 

and guidelines for the use of septic tanks within the coastal 

region are necessary. 
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WATER QUALITY WITHIN THE CAMDEN HAVEN 

CHAPTER 4 DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS -

CAMDEN HAVEN ESTUARY 

4-1. OXYGEN SOURCES, CONCENTRATION LEVELS AND 

FLUCTUATIONS 

4-2. DISSOLVED OXYGEN REQUIREMENTS OF ESTUARINE LIFE 

4-3. APPLICATIONS OF DISSOLVED OXYGEN MONITORING 

WITHIN ESTUARIES 

4-4. MONITORING OF DISSOLVED OXYGEN WITHIN THE CAMDEN 

HAVEN - METHOD 

4-5. DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS WITHIN 

QUEENS LAKE 

a) Tidal and Weather Data 

b) Physical Parameter Variation 

c) Monitoring Site Location and Diurnal Fluctuation 

d} Specific Site Analysis 

4-6. DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS WITHIN 

WATSON TAYLOR LAKE AND CHANNELS 

a) Tidal and Weather Data 

b) Physical Parameter Variation 

c) Monitoring Site Location and Diurnal Fluctuation 

d) Specific Site Analysis 

e) Concluding Comments 

4-7. SUMMARY 
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Queens Lake, Herons Creek 
entrance delta. Dissolved 
oxygen site number 4 . 

Watson Taylor Lake . Dissolved oxygen 
site number 14. 

Mangrove I ined channel, Camden Haven 
delta . Dissolved oxygen site number 
13. 

Watson Taylor Lake, adjacent 
to Bensons Inlet . Dissolved 
oxygen site number 17 . 
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it:-! : OXYGEN SOURCES. CONCENTRATION LEVELS AND FLUCTUAT tONS 

(After Hart 1974; Tyler 1976; Eaton 1977; Welch 1980). 

Oxygen dissolved in estuarine waters is predominantly derived from 

photosynthetic reactions in such as algae and seagrasses. Further oxygen

ation at the surface may occur from the atmosphere. The total concentration 

of oxygen that can be dissolved is dependent on the water temperature. the 

partial pressure of the oxygen in the atmosphere in contact with the water. 

and the sal inity of the water. The rate at which oxygen wil I dissolve 

into water from the atmosphere depends on the turbulence of the water. depth 

of vertical mixing, and the partial pressure gradient between the atmosphere 

and the water surface. The rate of the photosynthetic reactions occurring 

in seagrass and algae, and thus the rate of oxygen availability from 

vegetative sources is primarily a function of light intensity. Aspects 

such as cloud cover, turbidity, colour and absorptive effect of the water 

are important. 

Dissolved oxygen concentration in surface waters is dependent on 

the relative rates of biochemical depletion and reaeration. Biochemical 

depletion of oxygen may occur when organic matter or free ammonia is 
1 

oxidized by such· as bacteria. The biochemical depletion in slightly or -
moderately polluted waters may be fully offset by natural reaeration 

processes, such as photosynthesis in seagrasses and algae. Such waters 

can be said to be partially eutrophic, exhibiting the biological and 

chemical consequences of increased nutrient loading. Respiratory oxygen 

demands may,in cases of excessive nutrient loading, exceed replenishment 

rate. Oxygen deficiency then occurs. Biotic changes are concurrent with 

reduced oxygen levels. These biotic changes are evidenced by a reduction 

in diversity. Most of the normal species are eliminated and replaced by the 

few organisms which can tolerate the condition, including such as bacteria 

sp., protozoan sp., and certain worm sp. Increased algal growth is often 

associated with such biotic changes (Fillos and Molof, 1972). Low dissolved 

oxygen concentrations also lead to a greater susceptibility to disease and 

increase the effective toxi~ity of certain chemicals (Perkins, 1974). 

Figure 4-1, (after Grave, 1969); depicts the effect of organic pollutants 

on dissolved oxygen concentration, and population densities of bacteria, 

protozoa and fish. 
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F [CURE 4-1 i:FFECT OF ORGANIC PCLLUTA~TS O!l HATER COtlD[TIO:JS 

(aftec (;ra,,'a, 1969) 

Diurnal fluctuations within dissolved oxygen concentrations are 

primarily due to changes in water temperature and photosynthetic rates. 

High dissolved oxygen concentrations may occur in such as seagrass 

beds during the day, with depletion of this oxygen occurring during the 

night due to respiration of seagrass together with the aerobic decom

position (chemical or biological) of organic matter. Excessive amounts 

of organic matter will accentuate the diurnal fluctuation.ln such cases, 

.oxygen depletion may be the control I ing factor in determining the presence 

or absence of plant and animal species. 

4-2: DISSOLVED OXYGEN REQUIREMENTS OF ESTUARINE LIFE 

.. 

Research on oxygen requirements for aquatic life have been reviewed 

by Doudoroff and SlulTMay, 1970, EIFAC, 1973 and Hart (1974). Although most 

of the inv~stigations reviewed have dealt specifically with the oxygen 

requirements of fish, it appears that the requirements of fish and their 
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forage animals are compatible (EIFAC, 1973). Thus aquatic environments 

with dissolved oxygen levels that are adequate to sustain a fish popu

lation will also support invertebrates if other habitat requirements are· 

met. Further research may indicate a need to modify this general ization. 

Also, that research available is generally for overseas fresh water fish 

species. Some conclusions may need modification when specific informa

tion on the dissolved oxygen requirements of Australian estuarine and 

marine fish and invertebrates is known (Hart, 1974). 

Two aspects of the estuarine environment must be emphasized in 

consideration of dissolved oxygen levels and subsequent requirements by 

estuarine species. Firstly, large natural fluctuations in dissolved 

oxygen levels occur within estuaries. This is a function of fluctuations 

in sal inity and temperature. Tidal movement of water, while assisting 

the dispersal of available dissolved oxygen, also assists in the formation 

of temperature and salinity gradients. Concurrent with these temperature 

and salinity gradients are the formation of dissolved oxygen gradients. 

Secondly, the estuarine environment is utilized by many species 

as a nursery and development area. Forty seven species of commercially 

valuable fish have been found in the juvenile stage within the estuary 

(SPCC, 1981). All of these species are particularly vulnerable in the 

larval and juvenile stages. Natural fluctuations in dissolved oxygen level~ 

within an estuary place these organisms under stress. This emphasizes the 

need to ensure no further variation in oxygen levels occur as a result of ~ 

actions within the catchment. 

Fish kills as a result of reduced levels of dissolved oxygen have 

been reported. larval kills often pass unobserved. Those fish kills 

reported are generally of large scale. For example, Middleton (1955) 

. documented the mass mortal ity of fish in the Swan estuary, Western 

Austral ia. Middleton attributed the kill to deoxygenation following a 

flood condition. Thomson and Dunstan (1968) reported 3 similar event 

in Moreton Bay, Queensland, when the Brisbane River flooded. Deoxygen

ation in this case resulted .from a heavy algal bloom (non-toxic). Early 

in 1982 fish kills in Crescent Head lagoonal system (Killick Creek) were 

reported within the local press. This kill was attributed to the oxygen 

consumption of decaying Redweed (Cer~i~ sp.). The redweed had entered 

the lagoonal system before littoral drift closed the ocean entrance. 

Three fish kil Is in the Georges and Cooks Rivers between 1972 and 1976 

have been attributed, at least in part, to very low dissolved oxygen 
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levels (SPCC, 1981). No fish kills have been known to occur within 

the Camden Haven. Table 4-1 (SPCC, 1981), displays the characteristics 

of fish mortality caused by oxygen depletion and toxic algae blooms. 

~vsi':a:' 3i~s 
AS30ci.3.:~·i ·",i:~ 
?:'s:: :':G=-:ali~ 

Cat:se "Jf l10rtality 

GaS"Din.;z: and 2"1ii.=.:ni2g Con"~::"si-,e, =ITatic 
at t!le .... 5~i'ace swj ~~.; "g, le::::'argy 

c;e~~S5 se:e':~i~,tity !:or:s if ,:'e;·letion is ]'c:::.e, all species 
1.:1 fish ~l t'J'tal, carp an·:! 'bl~l affec';ed 

=.ead. ':J..3Y 3l.l .. :"'7i Ye if 
depletion is ?artial 

Size 'Jf r:.sn. 

P 1 a.r:tct: ·JIl 
ab:...t=:.,:!a.::.·~e 

Dis301 ~;ed oxyge!:!.. 
le7els 

\.later ~a 
Water coler 
and ~dQur 

Algal 'bloom 

large fi3h ~illed Small fish killed 
firs~ t e-.re::.t!;.a!.ly first, e"";-3:::.1:i..ia:ly 
~ay ~ill a~l s~ecies ~~ k!ll all sizes 

:iight a::1 ear:y 
rnor:!:iLg ncu.:'s 

Algse ~-g, little 
zQoplawkton prese~t 

C!!ly durir.g hO~3 
of cright slJ..Cligtt, 
aboClt 08CO to ~700 

Abur.danc e of or.e 
algal species, 
little zoopl=kton 
present 

less than 2 ::og/L Very high, often 
usually below 1 ng/L saturated or 

supersaturated ~ear 
s=face 

5.0 - 7.;; 
Brcwn, grey, or 
black 

"<any dead and dying 
algal cells 

9.;; and abo'le 
Yery dark green, 
brmlIl or golden 
colour, sometimes 
with musty odour 

Abundant algae but 
predomir.antly all 
of c:ce species 

As well as the more obvious large kills, changes in species 

diversity and abundance within an estuarine environment may also result 

from a reduction in dissolved oxygen levels. Ruello (1976) reported 

thirty less species in the Hunter River then were present in Stockton 

Bight,S kilometres distant. He attributed this in part to the hi"gh 

organic loading within the Hunter estuary, causing a reduction in 

dissolved oxygen levels. 

Criteria for dissolved oxygen levels vary. Usually these 

criteria are simply the minimum observed under 'natural' conditions or, 

observed species toxicity levels. The report of the National Technical 

Advisory Committee on Water Quality (NCWQ, 1968) recommended that the 

dissolved oxygen concentrations in coastal ~aters should not be less 

"." 
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than 5.0mg/l, except when natural phenomena causes this value to be 

depressed. A value of 6.0 mg/I is recommended by the US Water Qual ity 

Criteria document (EPA, 1973). Both documents suggest that dissolved 

oxygen concentration in marine and estuarine waters should not be less 

than 4.0 mg/I at any time or place except where natural conditions cause 

this value to be depressed. Hart (1974) recommends the adoption to 

Australian waters of these criteria subject to recognitton that a lack 

of data exists on the variability of dissolved oxygen conc~ntrations and 

levels required by Australian species. As data becomes available it may 

be necessary to alter these criteria. 

Supersaturation of water with oxygen, as may occur with the onset 

of eutrophic conditions, can also be fatal to fish. Perkins (1974) stated 

that oxygen concentrations in excess of 17 mg/I (:200% saturatioll) 

produces adverse effects amongst biota. Dissolved oxygen levels of 250% 

saturation have produced gas bubble disease and subsequent death in various 

species in Galvaston Bay, Texas. Similar phenomena may occur with 

Australian estuarine species (SPCC, 1981). 

APPLICATIONS OF DISSOLVED OXYGEN MONITORING WITHIN ESTUARIES 

Monitoring of dissolved oxygen levels within an estuary over 

twenty four hour periods will provide information on the bxygen production 

transport and consumption mechanisms. The magnitude of oxygen concentra

tion and variation in concentration over the twenty four hour period 

provides information on estuarine health. That point or series of points 

monitored represents a 'localized area' within the estuary. The 'localised' 

areas' monitored vary in character depending upon the relative importance 

of the production, transport and consumption mechanisms. 

The size of a 'localized area' is a function of the transport 

mechanisms involved. More specifically, size is predominately a function 

of tidal flow at the point of monitoring. Further contributions to size 

are made by such as wind/wave action, vertical mixing, fresh water flow 

(when present) and the relative partial pressures of oxygen in the 

atmosphere and in the surface waters. Mechanisms such as wind/wave action, 

vertical mixing and partial pressure variation may be assumed constant 

for a series of points, particularly with respect to the comparative 

magnitude of tidal transport. Analysis of surface and bottom concentra

tions of salinity, temperature and dissolved oxygen provides a further 

basis for this assumption and definition of the magnitude of transport 
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by these mechanisms. Such an assumption allows for the comparison 

between locations of differing productivity and consumption under 

similar tidal influence. Further, this assumption allows for the com

parison of locations similar with respect to production and consumption 

but subject to differing tidal influence to assist in ascertaining the 

importance of tidal transport mechanisms in dissolved oxygen dispersal. 

By these methods information is obtained on the importance and location 

of oxygen 'production areas'. 

The production in a'localized area' ('area', as defined by the 

transport mechanisms operating) is a function of the photosynthetic 

organisms within that area together with the oxygen made available to 

the system from the 'atmosphere. Aga i n assumpt ions can be made. Assump

tions here concern the, relative magnitude of the sources of oxygen. 

Provision of data on surface and bottom dissolved oxygen concentration 

levels is required. A knowledge of the vertical mixing forces assists 

in estimating the relative magnitude of the photosynthetic and atmosphere

derived sources. Thus, the monitoring of dissolved oxygen levels at 

bottom and surface can provide information on those species producing 

surplus oxygen through photosynthetic reactions, indication of the rate 

of production by various species, and, information on the diurnal fluc

tuations of dissolved oxygen concentration associated with photosynthetic 

production and respiration. 

The consumption of dissolved oxygen within a local ized area is 

primarily a function of the biochemical utilization/depletion of available 

oxygen. While the effects of consumption are often masked by production 

and transport variability, comparison of surface and bottom dissolved 

oxygen concentrations together with comparison of day and night-time 

concentrations does provide information on consumption. Further 

reference data on consumption could be obtained if the respiratory rate 

of various species was known together with laboratory analysis of BOD for 

the sites monitored. 

In total the collection of data on dissolved oxygen concentration 

levels together with an analysis of the mechanisms of transport, produc

tion and consumption assists in ascertaining the present environmental 

condition of an estuary. Firstly, this information defines the inter

action between areas and between differing habitat types, A systems 

approach to estuarine productivity becomes possible. The I inkage and 

ecosystem concepts of interrelation between areas of differing vegetative 
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characteristics. becomes well defined. Secondly, monitoring of 

dissolved oxygen levels assists in asssssing the biological consequences 1 
of the discharge to the estuary of oxygen demanding wastes (e.g. septic 

tank outfall). Oxygen demand is exerted as organic constituents of the 

discharges are broken down by microorganisms and by chemical reactions. 

The previous chapter has detailed two point sources of organic pollu-

tion within the Camden Haven estuary. Both discharge sites were included 

in the dissolved oxygen field work program. By monitoring these two sites 

of major discharge indication is given of estuarine behaviour under con

ditions of stress. 

4-4: MONITORING OF DISSOLVED OXYGEN LEVELS WITHIN THE CAMDEN 
HAVEN ESTUARY - METHOD 

Field work associated with dissolved oxygen monitoring was carried 

out in late 1981. In October specified locations in Queens Lake were 

monitored over a twenty four hour period. In December, locations within 

Watson Taylor lake and associated estuarine channels were monitored over 

a period of forty eight hours. Because of the time period elapsed between 

the two surveys and hence, variation in dayl ight hours and weather con

ditions only 1 imited comparison can be made between the two field work 

periods and thus between Queens and Watson Taylor lakes. Comparison 

between locations within each survey however, can be achieved. 

The data was collected using a YSI Model 5'7 Dissolved Oxygen Meter 

in association with a Hamon Sal inity and Temperature recorder. Surface 

and bottom salinity, temperature and dissolved oxygen concentration data 

were collected at time intervals over a twenty four hour period. Turbidity 

information was collected using a Secchi disc. Bottom sediments were 

sampled using a vacuum cover and associated vegetative cover identified. 

Notes were made on percentage cloud cover, wave conditions, wind con

ditions, tidal flow and water depth. All sites of monitoring were 

marked with flashing lights to ensure replication of sampling site over 

the twenty four hour period. Sites were chosen to provide a series of 

substrate, vegetative and tidal flow conditions. Figure 4-2 

provides locational detail of dissolved oxygen monitoring sites within 

the Camden Haven estuary. 

4-5: DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS WITHIN QUEENS LAKE 

a} Tidal and Weather Data: Tidal information for Camden Haven 

entrance during the period of dissolved oxygen survey of Queens Lake is 
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FIGURE 4-2: LOCATION OF DISSOLVED OXYGEN MONITORING 
SITES WITHIN CAMDEN HAVEN ESTUARY. 

Sites 1 -6 : 
Sites 7-17: 

Queens Lake 
Watson Taylor Lake and Associated 

Channels. 

Tidal L;,C1it 

Herons Creel< 

Tidal 

Ceme try 
Bay 

WATSON TAYLOR LAKE 

Li,T.eourni:(i 

lim it 
L i mi t 

Sea I e I: 50. 000 
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as follows:-

20/10/81 0824 0,5 m 

1458 1.5 m 

2156 0.3 m 

21/10/81 0410 1.2 m 

0946 0.6 m 

1612 I .5 m 

For these tidal conditions, amplitude of tidal variation within Queens 

Lake is less than 0.2 m at a lag period of approximately two hours. Depth 

variation for all sites excepting Stingray Creek was less than 0.1 m, 

Stingray Creek entrance channel depth varying by 0.2 m. 

Weather during the survey period varied considerably. Early on 

Tuesday, the first day of survey, conditions were calm with 100% cloud 

cover. Cloud cover reduced to approximately 60% during the day, with 

winds freshening to 5-10 knots from the northeast. Wind chop on the lake 

during this period was of less than 0.5 metres ampl itude. The northeast 

winds backed off in the mid late afternoon proceeding a thunderstorm from 

the south. Rain fell between 1400 and 1500 hours. Conditions following 

the storm were calm with 50% cloud cover until sunset at 1840. Following 

sunrise at 0540 conditions on the Wednesday were calm until mid-morning. 

Cloud cover varied from nil at dawn to approximately 30% at midday. By 

mid-morning the wind was 5 knots from the northeast setting up wind chep 

of 0.3 metres amplitude. 

b) Physical Parameter Variation: Weather fluctuations were 

reflected within the parameters measured during the period of monitoring. 

Turbidity under calm conditions was generally reduced, in most cases the 

bottom being observable. During wind periods turbidity increased in a 

direct relationship to wind generated wave amplitude. Maximum turbidity 

reading recorded was 0.4 m during the northeast wind period early Tuesday 

afternoon. Temperature variation was less than 20 C for all sites, 

variation as such resulting from diurnal fluctuations and the input of 

cooler tidal waters from Stingray Creek during the incoming tides. 

Variation between surface and bottom temperatures at all sites was also 

less than 2oC, this temperature gradient being reduced during periods of 

wind-generated wave action. 

Salinity variation was minimal, the only significant fluctuation 

occurring at Heron's Creek entrance. Under calm conditions and outgoing 
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2. 

3. 

4. 

5. 

6. 

TABLE 4-2: 

Location 

Stingray Creek 

Lake off 
Cctrallan Park 
>500m 

Adjacent to Cara-
van Park ou t fall 

Herons Creek 
entrance del ta 

l;,ke Cen t re 

Back Cove -
adjacent to 
L imeburners Cove 

WATER QUALITY WITHIN QUEENS LAKE - DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS, OCTOBER 1981 

Depth (m) 
Tidal Inter- Sediments Vegetative Cover Dominant Mechanisms 
change/mixing 

Mean 'Jar 

High Sand <10% mud Sparse Zostero Transport 0.8 <0.2 

<25% Cover 

Moderate Mud,>90% mud Ni I Product ion/Transport 1.2 <0. I 

Low Sandy mud, Algal growth, sparse Production/Consumption 0.8 <0. I 
59-90% mud Zoatero,<25% cover; 

sparse HaZophiZa, 
<25% cover 

Moderate Muddy sand, Sparse Zostero Transport/Consumption 1.4 <0. I 
10-50% mud <25% Cover 

Moderate/Low Mud >90% mud Sparse Zostera t Product io·n/Consumpt ion 1.3 <0. I 
<25% cover; sparse 
HaZophiZa <25% cover 

Low/M i n i rna I Sandy mud Medium Zostera. 25- Production/Consumption 1.5 <0. I . 
50-90% mud 75% cover; sparse 

lIalophUa, <25% cover 

Sal inity (ppt) Temperature (oC) Turbidity(m) Dissolved Oxygen (mg/1 ) 

Surface Bot tom Su rface Sot tom Surface Bottom 

Mean Var Mean Var Mean Var Mean Var Mean Var Max Min Max Min 

34.4 <0.8 34.3 < 1.0 19.0 <I. 6 19.0 <1.6 0.7 <0.3 9.7 7. I 9.3 6 7 

34. I <2.7 33.4 <2.7 19.4 < I. 3 20.0 <1.5 0.8 <0.4 10. I 7.0 10.0 5.2 

34.9 <0.5 34.3 d.7 20.6 <1.7 20.4 < I .7 0.7 <0.3 10.3 5.8 10.0 3.~ 

32 . 7 < 5.7 34.9 <0.9 21.0 <1.8 21.5 <0.8 1.0 <0.3 8.5 5.7 8.7 3.9 

34.4 <0.4 34.0 <1.7 19.5 < 1.0 19.7 < I .2 0.9 <0.4 8.7 7.6 8.5 7.2 

33.0 <I. I 34.8 <2.2 19.3 <1.3 21.1 < 1.0 1.1 <0.4 8. I 7. I 8.5 5.9 
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tide salinity was 6 ppm less than incoming tide (at surface). This 

salinity fluctuation indicates a input of fresh water to Queens Lake 

during the outgoing tide. Some indication of magnitude of the input 

can be provided by the sal initiesat bottom at Heron's Creek entrance. 

Fluctuation at bottom was less than 1 ppm. The flow of fresh water can 

be assumed to be negligible compared with tidal flow. (Approximately 

25% by volume of lake waters interchanging over a tidal cycle). Salinity 

variation at Stingray Creek entrance was less than 1 ppm. This further 

supports the assumption of negl igible fresh water input as well as prov

iding quantification of the lake's temporal position with respect to 

tidal flow, the lake, having over time become well mixed with respect 

to tidal input. 

c) Monitoring Site Location and Diurnal Fluctuation: The six 

sites within Queens Lake were chosen to provide where possible information 

on the mechanisms of transport, production and consumption of dissolved' 

oxygen. Site 1, at Stingray Creek entrance provides information on tidal 

transport of dissolved oxygen into and out of Queens Lake. Site 4 details 

a similar function for the main up-river component of Queens Lake, Heron's 

Creek. Sites 2, 5 and 6 were located to provide information on differing 

flow, vegetative cover and sediment types within the lake proper. Site 

3 was chosen with a prior knowledge of the Christmas Cove Caravan Park's 

performance as the major point source of organic pollution to Queens Lake. 

Figure 4-2 displays the location of all sites. 

Figure 4-3 details the diurnal fluctuation of dissolved oxygen 

for sites 3, 4 and 6. Both surface and bottom oxygen concentrations 

are plotted against time. In general, all sites showed some amount of 

diurnal fluctuation. The magnitude of this fluctuation is indicative 

of the relative importance of the mechanisms of transport, production 

and consumption at the sites. Further variation can be expected to depend 

on climatic conditions. For example, all sites displayed higher levels 

of dissolved oxygen concentration on the second day. This results from 

the reduced cloud cover and turbidity of Wednesday, thereby increasing 

available light intensity to photosynthetic organisms. 

d) Specific Site AnaZysis: Specific comments as relevant to 

each site follows. 

Site 1 - Stingray Creek Entrance ChanneZ: Variation in dis-

solved concentration between bottom and surface was minimal for the 

entire twenty four hour period. This is indicative of the nett movement 
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of water past the site, together wHh verttcal Illlxlng during periods 

of wave action. The peak on Tuesday of 9.7 mg/I represents the trans

port of dissolved oxygen from production areas within Stingray Creek 

and locations such asCemetry Bay into Queens Lake on the flood tide. 

Fluctuation during the night was minimal. This can be attributed in 

part to the well mixed condition of the lake water passing the site on 

the out tide. No information on consumption or on-site production is 

provided by the graph. 

Site 2 - Lake - Off Caravan Park, Greater than 500 metres: 

In magntiude and shape the plot of dissolved oxygen against time for 

site 2 is similar to that for site I. This is as expected, site 2 being 

located in the main channel of flow, within the lake proper, between 

Herons and Stingray Creeks. Variation between surface and bottom con

centrations is however increased. This can be attributed to the reduced 

importance of the transport mechanism at site 2. Bottom concentration 

of dissolved oxygen at the start of monitoring was fairly low (5.2 mg/I). 

Similar low values occur at sites 4 and 6. 

Site 3 - Caravan Park Septic Outfall: This site provided 

the highest diurnal fluctuation of all sites. The high productivity of 

the site during daylight hours can be attributed to algal blooms within 

the immediate area. Low concentration values during the night period· 

reflect the large amount of organics present, with the consumption of 

available oxygen by aerobic bacteria, chemical reactions and plant 

respiration. Dissolved oxygen concentration fell below the recommended 

minimum of 4.0 mg/I for a period of less than three hours. More extended 

periods of low oxygen concentration could be expected as a function of 

climatic conditions. The disjunction in bottom dissolved oxygen concen

tration during Tuesday is a result of the thunderstorm/rain and thus 

reduced available light for photosynthetic production. This disjunction, 

though present in all sites is not as well discernable as for site 3. 

Productivity at bottom prior to the rain event was greater than the oxygen 

available at the surface from the atmosphere and from diffusion/vertical 

mixing of the water column. This concentration gradient is present and 

of similar magnitude at sites 5 and 6. The gradient is also present to 

a lesser extent at sites 2 and 4. During night time the concentration 

gradient is present in the opposite direction. Consumption by aerobic 

bacteria and such as respiration during the night set up a concentration 

gradient between surface and bottom of 1.9 mg. Concentration gradients 

... 



I~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.1 

91. 

at all other si.tes were less than 1.4 mg. It is worthwhile noting 

however, that at Herons Creek entrance mixing and tidal interchange 

may have reduced the actual gradient. 

Site 4 - Herons Creek Entrance Delta: Measured maximum con

centration gradient at Herons Creek entrance was 1.4 mg. Mixing and 

tidal interchange of water over the entrance delta has been rated as 

moderate .. For such a concentration gradient to be present under these 

mixing conditions the deltaic sediments must be of high biochemical 

oxygen demand. No further quantification of the biochemical oxygen 

demand of the deltaic sediments is available. Peak concentration of 

dissolved oxygen during day 1 is much reduced compared to that of sites 

1, 2 and 3. This reduced peak concentration is also present in sites 

5 and 6. 

Site 5 - Lake Centre: Peak concentration during the first 

day is the resul t of photosynthetic production in the sparse zostera 

vegetative cover, dissolved oxygen concentration at bottom exceeding 

that at surface for approximately five hours. Maximum concentration 

at bottom was 8.5 mg/l, being 0.5 mg/l greater than that at the surface. 

Water depth was 1.3 metres. A gradient of similar magnitude but reverse 

direction occurred during the night. This presumably was a result of 

respiration within the zostera beds together with the consumption of 

oxygen by such as aerobic bacteria. 

site 6 - Back Cove - Adjacent to Limeburners Cove: The shape 

of the dissolved oxygen/time plot for this site is similar to that of 

site 5. The magnitude of concentration gradients during both production 

and consumption phases is greater than that for site 5. This is pre

dominantly a function of the increased coverage by zostera. Variation 

within the degree of mixing may also contribute to the difference in 

ampl itude between sites. 

e) Concluding Comments: During the period of survey Queens Lake 

can be assumed to be well-mixed with respect to tidal flows. Fresh 

water input can be assumed to be nil. No data is available on the 

oxygen demanding waste and solids input to Queens Lake from land use 

within the Herons, Bobs and Waterloo Creek catchments. Some indication 

of the effect of oxygen demanding wastes and solid loading is however 

given by the data collected. 

Minimum bottom concentrations of dissolved oxygen for all sites 

ranged from 3.9 mg/l to 7.2 mg/l, with a mean value of 5.5 mg/l. 
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. Lowest values were recorded at s(tes 3 and 4, Stte 3 monitored the 

discharge of inadequately treated human waste from a caravan park. 

Plant respiration (algae, zostera, halophila) can be expected to 

influence the minimum dissolved oxygen concentration at this site. 

Site 4 monitored the dissolved oxygen concentration at Herons Creek 

entrance delta. Plant respiration (sparse zostera) can be expected 

to have only a limited effect on concentration levels. Tidal movement 

of waters past the site can be expected to replace deoxygenated water. 

Under these constraining conditions, a minimum value of 3.9 mg/l reflects 

a loading within the deltaic sediments of oxygen-demanding organic matter. 

BOD analysis of sediments throughout the lake and associated channels 

would quantify these concepts of estuarine condition. 

Overall in terms of dissolved oxygen consumption it is postulated 

that consumption occurs in greater amounts within the lake proper than 

in associated estuarine channels (refer to site I and 2 data). This 

greater consumption can be attributed to the reduced current velocity 

within Queens Lake resulting in the settl ing out of any oxygen demand-

ing organics transported from the upper catchment, or from other estuarine 

areas, or from sources such as the caravan park. Management impl ications 

include the need to control septic outfall ,to control the runoff from 

agricultural lands (e.g. by increasing stream bank vegetation, reducing 

cattle access to watercourses, contour ploughing) and, to control runoff 

from adjacent urban areas. 

The input of fine sol ids to Queens Lake is evidenced by the increase 

in turbidity during wind/wave conditions. Turbidity for all sites ranged 

from 0.4 metres to 1.5 metres over the varied climatic conditions. During 

periods of high turbidity oxygen production was affected. Control of 

solids input to Queens Lake would not only assist in reducing high 

turbidity but also reduce such phenomena as the smothering of sessile 

flora and fauna (e.g. creek deltas) and, the covering of seagrass leaves, 

thereby inhibiting photosynthetic activity. 

In terms of the overall managemerit of the estuarine system site I 

provides data of some significance. Site 1 (and to a lesser extent site 

2) monitored the input of dissolved oxygen to Queens Lake from external 

productive sources such as the zostera beds in Stingray Creek and Cemetry 

Bay. While no complete mass balance is possible with the limited data 

available, it is postulated that a significant proportion of the dissolved 
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oxygen util ized by the biota within Queens Lake is produced external 

to the lake. This dissolved oxygen is transported to the lake by tidal 

movement. It must be noted that seagrass beds within Stingray Creek, 

because of the higher current velocities do not exhibit the same leaf 

covering by solids as do those of Queens Lake. Similar comments are 

appl icable to the seagrasses in Cemetry Bay compared to the seagrass of 

Queens Lake: Management impl ications include the need to ensure preser

vation of all oxygen producing areas, the need to ensure no restriction 

of tidal flows and, the need to reduce wherever possible the loading of 

sol ids on the estuarine environment. 

4-6: DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS WITHIN WATSON 
TAYLOR LAKE AND CHANNELS 

a) Tidal and Weather Data: Tidal information for the Camden Haven 

entrance during the period of dissolved oxygen survey of Watson Taylor 

Lake and channels is as follows:-

17/12/81 0739 0.4 metres 

1402 1.5 " 
2048 0.4 " 

18/12/81 0305 1.2 " 
0848 0.6 " 
1504 1.4 " 
2146 0.3 " 

19/12/81 0408 1.2 " 
1001 0.6 It 

1607 1.3 " 

For these tidal conditions, amplitude of ti~al variation within Watson 

Taylor lake is less than 0.1 m at a lag period of approximately two hours 

twenty minutes. Depth variation for all sites within the lake and up 

river channels was less than 0.1 metre. At lake entrance and Camden 

Haven river below Watson Taylor lake depth variation increased. Maximum 

depth variation of 0.6 metres occurred in the river channel above the 

Dunbogan Bridge. 

Weather during the survey period of three days and two nights varied 

considerably. Early on Thursday, the first day of survey, conditions were 

calm with 80% cloud cover. During the day the wind increased to five knots 

from the south. Cloud cover remained at approximately 80% until sunset at 

2005. Wind chop was less than 0.3 metres amplitude in exposed sections of 
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the lake and channels, increasing to. 0.5 metres when tidal flow was 

in the opposite direction to wind, particularly within the entrance 

channel to Watson Taylor lake. Thursday night was calm, the southerly 

winds dropping at sunset. There was 100% cloud cover all night with a 

sl ight mist on the lake before dawn. Following sunrise at 0530, con

ditions on the Friday were calm, cloud cover increasing from 10% to 80% 

by 1000. Northeast winds freshened in the early afternoon, blowing at 

approximately 10 knots by 1400. These winds generated chop of amplitude 

less than 0.6 metres in the entrance channels and Camden Haven river 

below the lake. Within the lake proper chop was less than 0.4 metres. 

During the afternoon six porpoises were sighted in the main river channel, 

swimming up river into the lake entrance area with the incoming tide. 

The porpoises left with the outgoing tide. Northeast winds backed off at 

sunset. Friday night was calm until a southerly change at approximately 

0100 hours. Following the change winds were gusting to approximately 

thirty knots until 0430. No rain fell. Chop during this period was of 

amplitude greater than 0.8 metres in the lake entrance channel area. No 

readings were taken during this period. By sunrise on the Saturday 

conditions were calm. Cloud cover ranged between nil and 10% until the 

end of the survey period at 1200 hours. Winds freshened from the north

east during the morning, reaching a velocity of approximately 10 knots 

by 1030. Chop in the river channel against the tide was of 0.6 metres 

amplitude. Within the lake, (reduced tidal velocities) chop was reduced 

to less than 0.4 metres amplitude. 

b) Physi~al Parameter variation: The weather fluctuations were 

reflected within the parameters measured during the period of monitoring. 

Turbidity under calm conditions was reduced in comparison to turbidity 

during wind periods. Turbidity overall however, was much higher than 

for similar conditions within Queens Lake. Within the lake proper 

turbidity varied from 0.7 metres to less than 0.1 metres. Following 

periods of bottom disturbance recovery to low turbidity took extended 

periods, often, full recovery not occurring prior to the subsequent 

disturbance. Turbidity within the channels was generally much reduced 

compared to that within the lake. Turbidity for the channels varied from 

3 metres to 0.4 metres, the proximity of monitoring site to the .Iake and 

direction of tidal flow being the predominant determining characteristics 

of channel turbidity. 

. '-
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TABLE 4-J: WATER QUALITY WITHIN WATSON-TAYLOR LAKE AND CHANNELS - DISSOLVED OXYGEN AND ASSOCIATED PARAMETERS, 

DECEMBER 1981 

location Tidal Inter
change/m i xing 

/. Adjacent to cara Moderate/high 
van park Dutfal 1-
river channel 

8. Centre of ri~er High 
chdnne I - off 
~aral/an par\.. 

9. Edge of Watson- High 
Taylor ell[ranCe 
cnanllt!1 

10. End of Bay Low/minimal 
$Ollth of Mud 8.1Y 

II. Wat ion Tay lor Moderate 
Lake north-
wt!S tern sec (or 

12. Camden Haven Moderate 
r i , .. ~r - above 
wat~on-Taylor 

dt! ita 

I]. Han9rove frin~eJ Moderate 
<:hannel - Wdl~on 

Taylor delta 

14 Warson Ta",lor low 
14;"e south-

IS. Stewarts riy~r 

entr,iOce del ta 

16. Ste .... arts ri'ler 

17. 'Wiltson Ta'flor 
ldlo.e ,outn 
1:!3':1tern sector 

Moderate 

Low 

Sediments 

Muddy sand 
10-50% mud 

Sand 
<10% mud 

Sand 
< I 0% mud 

Huddy sand 
10-50% ""d 

Muddy sand 
10-50% mud 

Huddy sand 
10-50~ mud 

Huddy ~dnd 

la-sot mud 

Sandy mud 
50-90% mud 

Mud 
>90% mud 

Huddy sand 
10-50% mud 

Vegetative Cover 

Algal growth, medium 
208 t"ra, 25-75% cover 

Ni I 

H~d i um 208 t~ro 
25-75% cover 

Dense Zoaterra 
>75% cover 
sparse Halophilu 1 

<2S% 

Sparse Hal~philu, 
<25; cover 

Ni I 

Ni I 

Ni I. spar:;e Zoater'a 
on .djolccnt 'unay Illud 

Sparse Zoste!".1 
..:25% co .... er 

Ni I 

Medium ZOBtel~1 sparse 
Halophil-v. 

Dominant Mechanism 

Production/Consumption/Transport 

Transport 

Transport/Production 

Production/Consumption 

Production/Consumption 

Trans por t/Consumpt ion 

Trans~rt/Consumption 

PrOduction/Consumption 

Tran~port/Consump[ion 

Transport/Consumption 

Production/Consumption 

Depth (m) Salinity (Ppt) Temperature (oC) Turbidi ty(m) Dissolved Oxygen (mg/I) 

1 Surface Bottom Surface Bottom Surface BoU"om 
!------------------------------------------------~------~~~--~~~---
"ean Var Mean Var Mean Var Mean Var Mean Var Mean Var Max Hln Max Min 

0.6 <0.6 31.2 <3.0 31.3 <3.0 24.1 <2.J 23.9 <2.1 0.5 <0.5 8.8 6.2 9. I 5.8 

3.4 <0.6 30.8 <6.0 JI.5 <J.2 23.7 <1.4 23.8 <2.4 1.6 <I." 7.4 6.1 7.4 6.5 

0.6 <0.2 29.0 <4.6 28.9 <4.7 24.2 <1.9 24.0 <1.5 0.6 <0.2 7.5 6.4 7.5 6.3 

0.6 <0. I 27.3 <0.9 27.7 <1.4 25.5 <1.8 26.5 <1.9 0.6 <0. I 10.3 6.4 13.0 0.6 

0.7 <0. I 26.6 <2.9 26.1 <3.4 24.8 <1.0 24.8 <0.8 0.4 <0. I 7.7 6.5 7.8 6.5 

2.0 <0. I 19.7 <2.J 26. I < 1.4 27.4 <1.5 26.6 <2.5 1.0 <0.3 7 3 6.0 8.2 5 r, 

0.5 <0. I 2J.9 d.1 2J.4 <1.6 27.5 <2.9 27.2 <2.8 0.2 <0. I 8.8 6. I 8. 6.0 

0.4 <0. I 24.0 <I.B 23.3 <2.5 27.8 <J.4 27.2 <3.6 0.2 <0. I 9 6 6.3 ~. 6.3 

0.6 <0. I 25.3 <1.0 25.0 <2.0 27.4 <2.4 27.2 <2.2 0.2 <0. I 12.0 6.6 10.4 6.5 

2.0 <0. I 24.0 <1.6 2J.8 <2.1 27.6 <2.6 24.5 <1.8 0.7 <O.J 10.2 6.8 9.8 5.6 

0.6 <0. I 26.5 <0.9 21i.7 <0.7 27.3 <1.6 27.2 <0.1 0.3 <0. I 9.8 7. I 13.2 6.4 
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Diurnal temperature variation was less than 3.50 C for all sites. 

Variation reflected the transport of cooler tidal and up river waters 

together with the influence of daily climatic fluctuations. Variation 

between surface and bottom temperatures was less than 10C for all sites 

except Stewarts River (site 16). The site within Stewarts River varied 

by 30C, this temperature gradient occurring over a depth of 2 metres. 

Presumably simi lar channel sites to the Stewarts River site in Camden 

Haven river both above and below Watson Taylor had reduced temperature 

gradients because of increased mixing/volumetric change of water. 

Salinity variation during the period of survey reflected the 

transport mechanisms of tidal and freshwater flow occurring within' the 

estuarine system. Fresh water flow for the Camden Haven and Stewarts 

Rivers for the survey period was:-

Stewarts River 

Camden Haven 

Thursday 

3.7 ml 

NA 

Friday 

3.6 ml 

NA 

Saturday 

3.6 ml 

NA 

(Data obtained from the Water Commission) 
"'.te! C ... J~ M.~_ "/0/.' "'~ ".~ "".;/ ... b14. -"'""J pr_-..I. 

Tidal flow of water to Watson Taylor, is generally of the order of 6.5 x 

106 cubic metres (PWD Hydraulic Surveys 1978, 1979). Using approximate 

volume calculations for Watson Taylor lake and assuming minimal alter

ation of tidal hydraulics by the fresh water flow, turnover of water 

should occur within three tidal cycles. The actual turnover period 

varies with proximity to channels of high tidal flow. This hydraulic 

behaviour was apparent from the salinity variations for each site and 

from the variations intra-site. Overall salinity ranged from 34.7 ppm 

at the river channel above Dunbogan Bridge to 17.4 ppm surface salinity/ 

26.5 ppm bottom salinity in Camden Haven river above Watson Taylor lake 

(site 12). Salinity for some sites varied little. For example, sites 

10 and 17, both being remote from main channels of flow, varied less 

than 1.5 ppm over two tidal cycles. Watson Taylor lake and environs 

under these hydraulic conditions can be described as partially to 

moderately mixed. Quantification of tidal mixing for each site is given 

in Table 4-3. The sites were monitored over the two concurrent twenty 

four hour periods described. On Thursday to Friday sites 7, 8, 9, 10 

and II were monitored. On Friday to Saturday sites 12,13,14, 15, 16 

and 17 were monitored. 
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c) Monitoring Site Location and Diur>nal Flwtuation: The eleven 

sites within lake and channels were chosen to provide where possible, 

information on the mechanisms of transport, production and consumption 

of dissolved oxygen. For example, site 7 in Camden Haven river channel 

below the lake provides information on tidal transport of. dissolved 

oxygen into and out of Watson Taylor lake. Site 8 was chosen with prior 

knowledge of the Caravan Park being a point source of organic pollution 

to the river system. Sites 12 and 16 provide a similar function to site 

7, representing the transport of dissolved oxygen into and out of the 

up river envi ronments of the Stewarts and Camden Haven rivers from the 

lake. Sites 13 and 15 provide an intermediate monitoring position between 

up river and lake environments. Site 13 is located in a mangrove fringed 

channel.at the bottom of the Camden Haven inlet del ta to Watson Taylor. 

Site 15 is located on the Stewarts River entrance delta to Watson Taylor. 

Sites 9, 10, 11, 14 and 17 are all within the lake proper and subject to 

varying amounts of tidal flushing.· Site 9 at the zostera fringed entrance 

channel is subject to high tidal interchange. Site 11 is subject to 

moderate tidal influence with tidal currents flowing around Moores 

Island as well as through the main lake inlet channel. Sites 10, 14 

and 17 being remote from the main channels and areas of high tidal inter

change have all be quantified as having low interchange characteristics. 

This is reflected in the low variability of salinity over the monitoring 

period for each of these three sites. These sites were also chosen to 

represent differing substrate and vegetative cover, zostera cover varying 

from dense to medium to nil in sites 10, 17 and 14 respectively. 

Figures 4-4 and 4-5 detail the diurnal fluctuation of dissolved 

oxygen for specific sites. Both surface and bottom dissolved oxygen 

concentrations are plotted'against time. All sites showed some amount of 

diurnal fluctuation. The magnitude of this fluctuation is indicative of 

the relative importance of the mechanisms of transport, production and 

consumption at the sites. For example site 10, of low interchange 

characteristic showed a dissolved oxygen concentration (at bottom) diurnal 

fluctuation of 12.4 mg/l. Both production and consumption mechanisms are 

important at this site while transport can be assumed to be negligible. 

Compare this with site 8, where the transport mechanism is of primary 

interest and production is assumed negligible. Dissolved oxygen concen

tration at bottom at this site varied by only 0.9 mg/l. Further variation 

can be_expected to depend on climatic conditions. On the last day of the 
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,survey,with cloud cover minimal, and in the morning turbidity reduced~ 

light intensity available for photosynthetic production was higher 

than that for the preceeding day. Resultant dissolved oxygen concen

trations reflect this cl imatic variability. At site 14, dissolved 

oxygen concentration at 1100 was 2.0 mg/l higher on the second day of 

survey. 

d) Specifio Site Analysis: A brief comparative analysis of sites 

follows: -

Site 7 - Adjaoent to Caravan Park Outfall, River Channel: 

Dissolved oxygen concentration for this site varied as a function of the 

tidal velocity'and the relative values of productivity (zostera plus 

algae) and consumption (biochemical oxygen demand of wastes). Maximum 

and minimum on the graph correspond to intertidal periods when tidal 

flow was minimal. These maxima and minima define the production and 

consumption of the site for the climatic conditions then operating. If 

no tidal movement occurred it is expected that maximum and minimum values 

would be of greater magnitude, the graph taking a similar shape to that 

for the Caravan Park in Queens Lake. 

Site 8 - Centre of River Channel, Off Caravan Park: Variation 

in dissolved oxygen concentration for both bottom and surface at this 

site was less than 1.3 mg/l. Maximum value at all times was less than 

the saturated concentration of oxygen in equilibrium with the atmosphere. 

This site, together with site 9 (Watson Taylor entrance channel) and 

site 11 (Watson Taylor, North West) all showed minimum values at 1400 

hours when ocean water was flowing into the lake system. During run out 

periods, dissolved oxygen concentration though higher, was not of sufficient 

magnitude to positively define a transport system providing dissolved 

oxygen for the lower river channels from Watson Taylor lake. Further 

field work would be required to affirm or reject this hypothesis. 

Site 12 - Camden Haven River, above Watson Taylor Lake: Both 

surface and bottom concentration of dissolved oxygen varied in phase 

with tidal flow to the up river component of the estuarine system. This 

defines the importance of the transport mechanisms at this site, 

dissolved oxygen being made available to the up river biota from the 

production areas within Watson Taylor lake. A significant peak in 

dissolved oxygen concentration occurred at 2000 hours, during the final 

stages of the flood tide. Minimum concentration values occurred after 

dawn and prior to the end of the tidal cycle. This presumably reflects, . -
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at least in part, consumpt\on within the Camden Haven deltaic system. 

Site 16 - Stewarts River: In shape, magnitude and corres

pondence to tidal phase this site repl icated site 12, Camden Haven river. 

Similar comments can be made on the significance of the transport 

mechanism, on the availability of oxygen for the up-river biota and on 

oxygen consumption within the entrance delta. 

Site 13 - Mangrove Fringed Channel, Watson Taylor Delta: This 

site replicated site 12 in shape, correspondence to tidal phase and 

magnitude. 

Site 15 - Stewarts River Entrance Delta: Because of on-site 

productivity (sparse zostera) the shape of the dissolved oxygen versus 

time plot varied from that of the up-river monitoring site. Again, 

because of on-site productivity, the magnitude of diurnal and tidal 

fluctuations was greater than that for site 16. Increased dissolved 

oxygen concentration on the second day compared to the first day reflects 

increased productivity as a function of changed cl imatic conditions. 

Minimum dissolved oxygen concentration levels are a function of consum

ption within the deltaic system. 

Site 9 - Watson Taylor Entrance Channel: In shape, magnitude 

and correspondence to tidal phase this site replicates site 8, the river 

channel above Dunbogan Bridge. On-site productivity of medium cover 

zostera is not apparent because of water movement past the monitoring 

site. 

Site 11 - Watson Taylor Lake, North West: Similar comments, 

as for site 9 are applicable to this site. 

Site 10 - End of Bay, south of Mud Bay: This bay is situated 

directly opposite the main entrance channel of the Camden Haven river 

to Watson Taylor. Tidal flow however, is minimal, extensive sand bars 

separating the main tidal channel from the bay. Dense zostera covers 

a muddy sand bottom. The dissolved oxygen concentration plot showed 

high diurnal fluctuation as a result of production and consumption 

mechanisms operating in absence of significant transport mechanisms. 

The bottom showed a concentration variation of 12.4 mg/I. Limited wave 

action within the bay reduced vertical transport of oxygen, particularly 

during the night, with a concentration gradient of 6.7 mg/l occurring 

over a depth of 0.6 metres. This site, because of the I imited trans

port mechanisms operating emphasizes the importance of seagrass beds 

as a source of dissolved oxygen for the estuarine system. Similar 
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levels' of productivIty may occur in other areas, with the dissolved 

oxygen concentration in situ not reflecting this productivity because 

of water movement past the site. The minimum of 0.6 mg/I for bottom 

dissolved oxygen concentration represents the consumption of oxygen 

by respiration withIn the zostera together with the requirements of such as 

aerobic bacteria and protozoan sp. No information is available on the 

biochemical oxygen demand 'of the site, however its location opposite 

the Camden Haven river entrance to Watson Taylor may have some signifi

cance, particularly during flood events when nutrient loading is high 

and water flow is not restricted to the tidal channels. 

Site 17 - Watson Taylor Lake, Southeast: This site is of 

increased tidal flow to that of site 10. The site has however, still 

been rated as 'low' in recognition of tidal flows within other sections 

of the estuarine system. Substrate is, as for site 10, muddy sand, with 

zostera seagrass vegetative cover. The substrate is of slightly higher 

mud proportions than site 10 and the zostera cover is medium, as compared 

to dense for site 10. Climatic conditions for the two survey periods 

reduce the appl icabil ity of comparison of dissolved oxygen concentration 

plots for the two sites. 

site 14 - Watson Taylor Lake, Southwest: This site is of 

similar tidal character to site 17. Substrate is mud with no vegetative 

cover. Increased concentration of dissolved oxygen at site is a function 

of direction of flow, the oxygen being made available to the site from 

adjacent areas of medium cover zostera seagrass. 

e) Concluding Corrments: During the period of survey Watson Taylor 

lake can be assumed to be partially to moderately mixed with respect to 

tidal flow. Fresh water input is of sufficient magnitude to ensure 

sal inity gradients over both depth and distance. Limited data is 

available on the oxygen demanding waste and solids input to Watson 

Taylor Lake from land use within the Camden Haven and Stewarts River 

catchments. Chapter 2 detailed that information available for the Camden 

Haven upper catchment. Chapter 3 detailed one point source of organics 

(Septic Outfall - Caravan Park) below Watsbn. Taylor in the Camden Haven 

estuarine channel. 

Minimum bottom concentrations of dissolved oxygen for all sites 

ranged from 0.6 mg/I to 6.5 mg/I at a mean of 5.6 mg/I. Actually the 

lowest recorded concentration of 0.6 mg/I was markedly reduced compared 

to all other sites, the.remaining ten sites ranging between 5.6 mg/I and 
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6.5 mg/l for a mean of 6.2 mg/l. Minimum surface concentrations varied 

from 6.0 mg/l to 7.1 mg/1 for a mean value of 6.4 mgt!. 

The exceptionally low value of 0.6 mg/l for site 10 may have resulted 

from a series of interacting biophysical conditions. These conditi.ons 

would include the lack of vertical mi·xing, the lack of tidal movement of 

waters within the bay, the respiration rate of benthic vegetation and 

the oxygen demand of entrapped sediments. Wave acti'on at site was mini

mal. Vertical mixing is thus confined to diffusion. No information is 

available on the respiration rate of zostera and halophila, however the 

dense cover of zostera would lead to significant dissolved. oxygen demands 

during respiration. No information is available on the oxygen demand of 

the sediments.· Overall, these conditions may account for the low dissolved 

oxygen concentration at bottom. Further investigation of the lake system 

may provide further explanatory data concerning consumption within the 

lake proper and within the surrounding estuarine channels. 

The input of suspended sol ids to Watson Taylor lake from the Camden 

Haven river upper catchment is detailed within Chapter 2. No information 

is available for the Stewarts catchment or the lower estuarine areas. 

Within the lake and channels, turbidity for all sites ranged from 0.7 

metres to less than 0.1 metres. Turbidity levels are significantly 

greater within Watson Taylor Lake than for Queens Lake under similar 

climatic and mixing conditions (refer to Technical Report 2}. Biotic 

impacts and the methods for control are similar to those detailed within 

the discussion on Queens Lake. 

Interaction between areas and habitat types within Watson Taylor 

lake and the surrounding channels is not easily definable. Some sites 

were observed to vary in oxygen concentration as a function of tidal 

direction and nearby production areas (e.g. site 14). Up river sites 

were also observed to exhibit similar concentration patterns as adjacent 

sites within the lake, as a function of tidal flow direction. However 

no definite mass balance or demonstration of defined linkages for Watson 

Taylor lake is possible without further research. While research of this 

type would be useful, it can be simply stated that in terms of manage

ment impl ications, similar comments apply as for Queens Lake. These 

management implications include the need to ensure preservation of all 

oxygen production areas, the need to ensure no restriction of tidal 

flows and, the need to reduce wherever possible the loading of solids 

on the estuarine environment. 
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4-7: SUMMARY 

This chapter has detailed the oxygen sources, concentration 

levels and diurnal fluctuations of the Camden Haven estuary. Particu

lar emphasis has been placed upon the two lakes. This is in recognition 

of the lakes' importance to both biota and, as a sink for the agglom

erated affects of man's actions within the catchment. The following 

comments summarize the results of the field work program. 

• 

• 

Production of dissolved oxygen varies with site attributes . 

Oxygen concentration as high as 13.2 mg/l were recorded. 

These concentration levels are largely the result of photo

synthetic reaction - (e.g. dense beds of zostera). 

Consumption of dissolved oxygen varies with site character

istics. Overall, consumption of dissolved oxygen occurs 

in greater amounts within the lakes proper than in the 

associated estuarine channels. 

There is a distinct interaction between areas and between 

differing habitat types within the estuarine area. Linkage 

and ecosystem concepts of interrelation between areas of 

differing vegetative characteristics are important. 

To ensure continued interaction and ecological balance (and 

thus estuarine health) no further restriction of tidal flows 

throughout the estuarine system must occur. Similarly, 

oxygen production areas must be retained and factors affect

ing oxygen production minimixed (e.g. turbidity, solids 

loading, mechanical damage). In association with these 

factors, oxygen consumption should reflect natural phenomena. 

Loading of the estuarine system with oxygen demanding wastes 

should be minimized. 
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