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1. INTRODUCTION 

Coastal lagoons are naturally very vulnerable to pollution 

pressure and disturbance. They are typically shallow with 

narrow openings to the sea. Thus, the lack of capacity to 

dilute poiiutants and the lack of tidal flushing make the 

lagoons very sensitive, to pollution inputs generated by 

urban, industrial and agricultural activities in the 

surrounding catchments. Wamberal, Terrigal, Avoca and_ 
• 

Cockrone Lagoons (Fig. 1) are no exceptions to this general 

picture. Over the last few decades in particular there 

ha"s been inC!lreasing pressure affecting these lagoons -

caused by rapid urbanisation of the catchment and there 

has been community concern that unless this trend is 

reversed or at least controlled, serious environmental 

problems may develop, leading to long term degradation 

of the lagoons. 

In a healthy ecological state, it is generally recognised 

that a lagoon is an important natural asset for the area, 

providing a full range of recreational opportunities; 

and passive enjoyment. Hqwever- in a polluted or disturbed 

state, a lagoon is a serious liability and a health hazard. 

This study aims to produce information on the key parameters 

on water quality, sediment quality and biota, necessary 

for a meaningful assessment of the ecological 'health' 

of the lagoons to be made. As far as possible, each 

parameter is 'assessed' against available water quality 

criteria or other criteria as appropiate. The information 

would also provide baseline data of the existing conditions 

of the lagoon so that future changes may be detected and 

assessed by follow-up studies and monitoring. 

A previous study on the ecology of the lagoons nad been 

carried out in 1974 by P.A. Management and reported in 

1975. Due to the long time lapse, a new study would seem 

very timely. 
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Other more recent studies exist e.g. Energy Consultants 

of Australia Pty. Ltd. (1984), Gosford City Council, 

(1985. 1987) and Eardley (1986). However, except for 

Eardley's report on Wamberal Lagoon, these studies 

were concerned with other aspects of the lagoon and 

therefore contained little relevant information on 

the water quality, sediment quality of the lagoons-and 

their biota. 

For this study, due to resources and time constraints, 

a full scale study, involving frequent sampling over 

long period was not possible. As an alternative, this 

study colle~ted and assessed the data for a full range of 

water quality and sediment quality parameters and biological 

indicators, collected under dry weather and wet weather 

conditions. As the condition of an 'urban' lake or lagoon 

tends to be at its best under dry weather and worst under 

wet weather with heavy rainfall, the study should give 

a reasonably good picture of the lagoon, allowing an 

assessment to be made. 

Specifically, this study aims to: 

• collect or measure the key ecological parameters 

in respect to water quality, sediments, seagrasses 

and algae; 

• assess the ecological 'health' of the lagoons 

based on the data obtained; 

• identify the problem areas and to suggest causes 

of such problems where possible; 

• suggest management options to problems iQ~ntified, 

where appropiate. 

I 
j 

I 
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Fig. 1. Location maps of Wamberal, Avoca, Terrigal and 

Cockrone Lagoons. 
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METHODS 

SAMPLING 

Maps of the lagoons showing the locations of the sampling 

stations are given in Figs. 2-5. 

I 

Samplings wer~ carried out 3 times, for water quality. 

The first sampling, represnting dry weather, was carried 

out on 15.3.91. The second, representing wet weather 

was carried out on'25.7.9J. The last sampling, another 

dry weather sampling again, was carried, out on 26.9.91 

two months after the wet weat~er sampling. It was designed tc 

detect'any 'after' effect caused by the earlier rainfall. 

PHYSICO-CHEMICAL PARAMETERS 

Water temperature/dissolved oxygen/depth profiles were 

determined using a YEO CAL 603, Multi-range Analyser. 

Salinity/temperature profiles were determined using 

a YSL Salinity meter. Light penetration was measured 

using a Secchi disk, pH was determined uSing a radiometer 

Model 28 pH meter and turbidity determined with a HACH 

Turbidiometer. 

Total phosphorus was determined using the ascorbic 

acid method after persulphate digestion. Nitrate was 

determined by the cadmium-copper reduction method and 

ammonia colorimetrically using the phenohypochlorite 

method (Major et aI, 1972). Silicate was determined 

colorimetrically (APHA, 1980). Chlorophyll a was 

determined using the boiling methanol method (TaIling 

and Driver, 1963). 

For the 'analysis of total phosphorus in sediment, a 

~nown amount of powdered oven-dried sediment was 

digested with a mixture of concentrated sulphuric acid 

and nitric acid. After neutralisation, the phosphate 

in the digest WRS determined by the ascorbic acid 

metho';'(APHA,1980). 
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For the determination of total nitrogen in sediment, a 

known amount of powdered sediment was digested following 

a semi-micro Kjedahl techniques described by Allen et 

al (1973) followed by determination of the resultant 

ammonia by the indo-phenol blue method (Allen et aI, 

1973) • 

Organic carbon was determined on oven-dried soil using . 
the chromic acid method (APHA, 1980). 

Trace metals were determined by atomic absorption 

specterophotometry (APHA, 1980) and hyd~ocarbons were 

determined by extraction of the sediment samples 

with feon (APHA, 1980). 

2.3. BIOLOGICAL PARAMETERS 

Algal cell counts were carried out using the inverted 

microscope method of Lund et al (1958). Seagrasses 

and macroalgae abundance was determined by field 

inspection only as the di,stribution of these plants 

was too patchy and the amounts present too small to 

warrant an intensive sampling programme. 
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Fig, 2. Sampling stations on Wamberal Lagoon 
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Fig. 3. Sampling stations on Terrigal Lagoon. 
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Fig. 4. Sampling stations on Avoca Lagoon. 
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Fig. 5. Sampling stations on Cockrone Lagoon. 
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RESULTS AND DISCUssioN 

PHYSICAL FEATURES, RAINFALL AND LAGOON OPENINGS 

The general features of the lagoon systems, including 

geomorphology, vegetation, land use, climate and other 

subjects have been dealt with in some details in the , 
Gosford Environmental Study Report of 1975 (~.A. 

Management Consultants, 1975) and more recently in , 
the Wamberal Lagoon Catchment Study (Gosford City 

Council, 1987) and the Avoca Lake Draft Development 

Control Plan (Gosford City Council, 1985>" reports. 

For this study, only those areas which directly affect 

water quality are discussed here. 

3.1.1. Bathymetry 

The bathymetric maps for the lagoon systems produced 

by P.A. Management Consultants (1975) have been 

reproduced in .Figs. 6-9. 

It is clear from the maps that all :4 lagoons were 

shallow. Together with their narrow opening to the , 
sea and therefore limited natural flushing these lagoons 

are both very vulnerable to pollution pressure and 

also likely to experience rapid and large changes in 

certain water quality parameters such as salinity, 

turbidity, suspended solids etc. 

For all four lagoons, the bulk of the lagoon basins. 

have water depths of 1m or less in relation to flood 

mark. The only deeper waters generally occur near 

the mouth of the lagoons. 
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Fig. 6. Map of Cockrone Lagoon showing depth contours. 

Source: P.A. Management (1975). 
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Map of Wamberal Lagoon, showing depth contours. 

Source: P.A. Management (1975) 
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Fig. 8. Map of Avoca Lagoon, showing depth contours. 

Source: P.A. Management (1975) 
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Fig. 9. Map of Terrigal Lagoon, showing depth contours. 

Source: P.A. Management (1975). 
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3.1.2. Rainfall 

The average monthly rainfall data over 90 years 

prior to 1975 have been reproduced from the P.A. 

Management report (1975). The data shows that on 

average August-November is the period with lowest 

rainfalls and the high~st rainfalls usually occur 

From February to May (Table 1 ). 

For the interpretation of the results of this study 

it is necessary to examine the actual rainfalls for 

1990 and 1991. The rainfall data for the period and 

the mean monthly values are given in Tables 2 and 3 

respectively: The data shows that for the 6t months 

prior to the dry weather sampling on 15.3.91, the 

total rainfall was only 222.5mm, of which 110 mm 

fell in January 1991. Compared with an average 

rainfall of 650mm, the period preceeding the dry 

weather sampling was indeed exceptionally dry. 

The wet weather sampling was carried out on 25.7.91, 

2 days after a heavy fall of 23.7mm on 23.7.91. Indeed 

over the earlier period 1.6.91-25.7.91, the total 

rainfall was a very high 360mm. For 1.5.91-25.7.91 

it was 493mm. Thus, the sampling on 25.7.91 was a 

represent ion of wet weather sampling. 

The lagoons were sampled for a third time on 26.9.91 

as a follow up study to the wet weather sampling. As 

the preceeding period 26.7.91-25.9.91 was very drYJ 

with a total of only 13mm of rain, this sampling 

is best viewed as another dry weather sampling 

following a very wet period. 



Table 1 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

16 

Average monthly rainfall over 90 years. 

Source: Fitzpatrick (1975) 

Mean rain,fall Median S.D. 

mm mm 

111 110 

129 110 

147 120 

128 94 

124 79 

117 79 

101 58 

82 55 

79 60 

76 65 

85 78 

100 76 

1282 1249 

Monthly average 107 mm 

of mean 

mm 

93 

105 

129 

115 

123 

133 

95 

85 

67 

64 

60 

82 
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Table 2a. 1990 daily rainfall totals over Gosford ,(Kincumber) 

. 

JAN FF:IJ MAR APR MAY JUN lUI. AUG SEP OCT NOV DEC 
1 0.5 4.5 0.5 0.5 

2 O.S 13.5 2~ 38.5 1.0 1.5 

3 287.0 14.5 47.5 0.5 8.0 

4 187.0 4.5 38.5 1.0 

5 6.5 49.0 

6 5.5 29.0 2.0 1.0 15 

7 0.5 135.5 8.5 9.0 . 
8 11.5 5.0 " 
9 69.5 j.O 9.0 

10 34.S 1.0 O.S 

11 37.5 22.5 0.5 IS 0.5 15.5 

J2 8.5 10.5 

13 0.5 3.5 

14 0.5 j).5 2.,0 

15 1.0 1.0 O.S 4.0 

16 " O.S 1.5 1.5 

17 1.0 

18 1.5 4.0 

19 1.5 16.0 3.5 " 
20 6.5 1.5 2.0 4.5 

2\ 0.5 10.0 2.0 

22 0.5 

23 13.0 

24 3.0 3.0 

2S O.S 30.0 0.5 

26 1.5 

27 5.5 . 

28 • 3.5 1.0 23.0 0.5 

29 26.5 29.5 • • 
30 0.5 19.0 1U 1.0 1.0 

.. 

31 11.0 

* TnSIJ'lnncnt malfunction. data loss. 
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fig. 2b. 1991 daily rainfall totals over Gosford (Kincumber) 

JAN FEU MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 O.S 1.5 4.0 

2 0.5 0.5 

3 6.0 9.0 

4 1.5 1.0 
I 

5 

6 22.0 5.5 0.5 3.0 
, 

7 8.5 22.0 1.0 

8 16.5 0.5 

r-2-.. 5.0 O.S 2.0 10.0 10.5 

10 30.0 91.5 11.0 

II 9.0 0.5 5.0 107.5 13.5 5.5 1.5 34.0 

12 18.5 4.0 26.5 7.5 62.0 

13 0.5 1.0 1.5 33.0 

14 14.0 46.5 36.5 

15 11.5 0.5 4.0 0.5 3.5 0.5 19.5 

16 1.5 4.5 12.5 5.5 

17 3.5 0.5 7.5 

18 O.S 0.5 5.5 

19 2.0 0.5 0.5 

20 

21 3.5 5.0 1.5 7.0 O.S U .. -
22 18.5 86.5 -
23 14.5 2.0 9.S 

24 0.5 0.5 0.5 0.5 

25 

~. 0.5 O.S 1.0 

27 37.S 0.5 2.5 0.5 4.5 

211 3.0 10.5 0.5 2.0 0.5 

29 9.5 0.5 5.0 

30 :!.5 32.0 - 5.S 5.5 

31 !l.5 21.0 -



19 

Table 3 • Mean monthly rainfall for 1990 and 1991 over the 

Gosford area (Kincumber). 

Rainfall mm 

j 990 1991 

January 3.0 112.5 

February 798.0 21 .5 

March 45.5 41.0 

April 130.0 2.0 

May 1 28.5 133.0 

June 47.0 287.0 

July 52.5 73.0 

August 132.0 5.5 

September 3.0 7.5 

October 18.0 6.5 

November 0 76.0 

December 42.5 317.0 
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3.1.3. Lagoon openings. 

The number of separate occasions when the lagoon 

were opened have been summarised in Table 

As a whole, Terrigal Lagoon was opened far more 

frequently than the other lagoons. The number of 

months- in which '1- or-more-openings had occurred 

1988 1989 1990 1991 

Terrigal 1 0 7 7 3 

Avoca 4 3 5 1 

Cockran 4 3 4 1 

Wamberal 5 4 4 

are: 

The data clearly showed that Terrigal -Lagoon was 

opened far more frequently than the other lagoons 

and that there were far fewer openings in 1991 than 

the previous 3 years, due to the much lower rainfall 

year, as the lagoons were usually opened to 

release excess water from the lagoons to prevent 

floodings of the surrounding low areas. 

Prior to the dry weather sampling on 15.3.91, the 

length of time since the last opening was: 

Wamberal 

Avoca 

Cockrone 

Terrigal 

18.9.90 

18.10.90 

25.7.90 

15.9.90 

6 months 

5 months 

7~ months 

6 months 

Thus because of the exceptionally low rainfall 

and long duration of isolation, the lagoons had 

been relatively free from the influence of the 

sea for about 6 months prior to sampling. 



21 

Table 4 • Summary of lagoon openings 

Wamberal 

11.6.91 

18.9.90 
31.7.90 
5.4.90 
19.4.90 
3.2.90 

20.12.89 
15.12.89 
23.6.89 
16.5.89 
1 .4.89 

19.9.88 
8.7.88 
3.5.88 
30.4.88 

Avoca 

11.6.91 

-18.10.90 
19.9.90' 
25.7.90 
5.4.90 
2.2.90 

8.7.89 
6.7.89 
19.5.89 
1 .4.89 
6.1 .89 

29.4.88 
2.5.88 
6.7.88 
17.9.88 

Cockrone 

21.2.91 
19.2.91 

25.7.90 
28.6.90 
26.6.90 
25.6.90 
25.3.90 
3.2.90 

17.5.89 
1 .4.89 
5.1 .89 

17.9.88 
6.7.88 
3.5.88 
30.4.88 

Terriqal 

12.12.91 
11.12.91 
10.6.91 
11.5.91 

15.9.90 
1.8.90 
6.7.90 
5.7.90 
4.7.90 
19.6.90 
18.6.90 
30.5.90 
23.5.90 
12.3.90 
2.3.90 
2.2.90 

5.12.89 
15.8.89 
28.7.89 
28.4.89 
27.3.89 
14.3.89 
24.2.89 
6.1.89 
5.1.89 

2.12.88 
14.11.88 
17.11 .88 
16.11 .88 
30.9.88 
26.9.88 
14.9.88 
23.8.88 

.12.8.88 
6.7.88 
6.6.88 
3.6.88 
31.5.88 
3.5.88 
30.4.88 
20.1.88 
17.1.88 
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3.2. WATER QUALITY 

3.2.1. Dissolved oxygen 

Ecological significance 
, 

Dissolved oxygen is by far the most important single 

water quality indicator as aqautic life is dependent on 

dissolved oxygen for ~urvival and many important physico

chemical processes are controlled by dissolved oxygen 

concentration. 

Dissolved oxygen in an estuarine system is controlled by 

many factors including tidal flushing, degree of vertical 

mixing, production of oxygen by aquatic plants .and oxygen 

consumption by fauna and microbial activity. Because of 

the latter, a disturbed habitat, especially one affected 

by excessive loading of organic pollutants, generally 

shows markedly reduced dissolved oxygen level. 

In the marine or estuarine environment, it is generally 

agreed that dissolved oxygen levels that are adequate 

to sustain a fish population will also support the 

invertebrate fauna. For the protection of marine and 

estuarine systems, Hart (1974) recommends the derived 

working level of dissolved oxygen to be 6 mg/L. 

Assessment of lagoons 

The results obtained for all 4 lagoons were very similar. 

With very few exceptions, the dissolved oxygen values 

recorded for all 4 lagoons on all 3 sampling~ were 

uniformly high. The values were all above ·ihe-6 mg/L 

level recommended by Hart (1974) as being adequate for 

the maintenance of fish and other aquatic life. 
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There were some discernable changes in dissolved oxygen 

levels temporally, but these merely reflected the c~anges 

in oxygen solubility in water. The solubility of oxygen 

depends on a number of factors. At sea level, the main 

factors are water temperature and salinity. Oxygen 

solubility increases with both decreases in water , 
~~~:=m~p~e~r~a~t~u=r~e~a=n=d=-·=s~a~l~i~n~~~'t~y~. Thus, the higher dissolved 

oxygen levels recorded for all 4 lagoons on 25.7.91 \ 

were due to lower water temperature in winter and lower 

salinity after heavy rainfall, compared with the other 

two samplings. 

Again, because of variations in oxygen solubility, 

dissolved oxygen values are often expressed as % saturation. 

In terms of this, the values for the lagoons were mostly 

around 100% saturation, which were very acceptable. 

Spatially, there were only little or no differences 

between the stations within each lagoon. 

The 4 lagoons were of different shapes and sizes and 

with different catchment' characteristics. However, they 

all share one important feature which would account for 

their very similar dissolved oxygen regime - shallowness. 

All 4 lagoons were very shallow, especially under dry 

weather conditions with little inflows. This would mean 

that atmospheric interchange, especially wind induced 

mixing and oxygenation would be the key factor maintaining 

high dissolved oxygen regime in the lagoons. Photosynthetic 

activities by aquatic plants would have played a minor 

role in influencing the oxygen regimes, as the phytoplankton 

and macrophyte standing crops present were bo·th quite low. 

The significance of wind induced oxygenation in shallow 

water was high-lighted by the vertical profiles obtained 

for the deeper waters. 

obtained at Station 1 in 

at Station 2 in Terrigal 

while the surface layers 

For example, the vertical profiles 

Avoca Lagoon on 15.3.91 and 

Lagoon on 25.7.91 showed that I 
of water contained high levels 

Jffivf~ 
/~I~ 
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of dissolved oxygen, the lower strata showed much 

lower concentrations. This can be regarded as supporting 

evidence for the view that high dissolved oxygen levels 

in the shallow lagoon water were essentially due to 

wind induced oxygenation. In deeper waters, where the 

effect of surface oxygenation was much reduced, the 

dissolved oxygen levels in the lower layers also 

decreased. 

In summary, it may be concluded that the dissolved 

oxygen values obtained for Wamberal, Avoca, Terrigal 

and Cockrone wer.e generally good. The values were 

mostly around saturation and were therefore adequate 

for the maintenance of fish and other aquatic life. 

The high dissolved oxygen values would also ensure 

that undesirable effects associated with oxygen 

depletion, such as production of obxious gases, e.g. 

hydrogen sulphide and methane would be minimised and 

that large scale fish kills were.also unlikely to occur. 

Possible releases of plant nutrients into the water 

column from the nutrient-rich sediments would also 

be reduced. 

However, such a good assessment for the lagoons is 

somewhat tempered by the fact that the dissolved 

oxygen levels had been maintained largely by the 

physico-chemical process of wind induced mixing and 

oxygeneration and little through photosynthetic activity 

by aquatic plants as the standing crops especially 

seagrasses were generallll very low (see Section 3.4.2 ). 

In a natural lagoon. system, it is normal for·~quat~ 

macrophytes to play a more significant role in the -oxygen regime in the water body. 

The field results are summarised in Tables 5-8. 
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Table 5 • Temporal and spatial changes in dissolved oxygen/ 

depth profiles in Wamberal Lagoon 

station 15.3.91 25.7.91 26.9.91 

Depth ~.O. Depth D.O. Depth ~.O. 

(m) mg/I. (m) mg/L (m) mg/L 

1 0 6.7 0 8.9 0 7.6 

0.2 6.7 0.& 8.8 0.4 7.6 

lA 0 7.2 0 8.8 

0.3 7.2 0.5 8.7 

0.8 8.7 

2 0 7.4 0 9.0 0 7.5 

0.5 7.1 0.5 8.7 0.5 7.5 

1 .0 8.7 0.8 7.5 

2A 0 7.6 0 8.7 

0.5 7.6 0.5 8.7 

0.8 7.5 1 .0 8.7 

1 .4 8.7 

3 0 6.9 0 8.6 0 7.5 

0.5 6.8 0.5 8.6 0.5 7.3 

1 .4 6.1 1 .0 8.6 1 .0 7.2 

1 .5 8.6 1 .5 7.1 

1 .7 7.1 

3A 0 6.9 0 8.6 0 7.5 

0.5 6.5 0.5 8.6 0.5 7.4 

0.8 6.0 1 .0 8.6 .J .0 7.4 

1 . 5 7.9 1 • s-. 7.3 

2.0 7.6 2.0 7.2 

2.5 7.6 2.5 6.8 

3.0 7.6 3.0 6.5 
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Table 6. Temporal and spatial changes in dissolved oxygen 

depth profiles in Avoca Lagoon 

station 

1 

~:~\ 
2 

3 

4 

15.3.91 

DeEth 

(m) 

0 

1.0 

2.0 

3.0 

3.5 

o 
0.3 

o 
0.5 

1 .0 

o 
0.2 

D.O. 

mg/L 

6.9 

7.2 

6.7 

3.1 

2.2 

6.1 

6.1 

6.8 

6.7 

6.7 

6.3 

6.3 

25.7.91 

DeEth 

(m) 

0 

0.5 

0.7 

? 
0 

o 
0.5 

o 
0.5 

1.4 

o 
0.5 

D.O. 

mg/L 

8.3 

8.3 

8.3 

9.2 

9.2 

8.3 

8.2 

8.2 

9.0 

9.6 

1.0 9.9 

26.9.91 

DeEt!! 

(m) 

o 
0.25 

o 
0.5 

0.8 

o 
0.25 

( 
• 

D.O. 

mg/L 

7.0 

7.0 

6.9 

6.9 

6.9 

6.7 

6.7 
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Table 7 • Temporal and spatial changes in dissolved oxygen/ 

depth profiles in Cockrone Lagoon. 

station 15.3.91 25.7.91 26.9.91 

DeEth D. @. , DeEth D.O. DeEth D.O. 

(m) mg/}. , (m) mg/L (m) mg/L 

1 0 5.0 . 0 9.4 0 8.2 

0.6 5.4 0.5 9.3 0.5 8.2 

1.0 9.3 1.0 8.1 

2 0 5.4 0 9.0 0 7.2 

0.7 5.3 0.5 9.0 0.5 7.3 

1 .0 8.9 1.0 7.5 

1.4 8.9 1..5 7.5 

2.0 7.1 

3 0 6.4 Q 9.1 0 7.5 

0.5 6.4 0.5 9.0 0.5 7.6 

1 • 0 I} 1 .0 9.0 1 .0 7.6 

1 .5 w 1.5 8.8 1.5 7.6 

2.0 7.6 2.0 7.6 

2.5 6.6 2.5 7.6 

3.0 6.6 

~ 3.5 6.6 
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Table 8. Temporal and spatial changes in dissolved oxygen 

profiles in Terrigal Lagoon. 

station 

1 

2 

3 

4 

5 

25.3.91 

DeEth· 

(m) 

0 

0.4 

0 

0.5 

1 .2 

o 
0.5 

0 

0.5 

1 .0 

1 .2 

o 
0.3 

D.O. 

. mg/L 

7.2 

7.2 

7,·2 

7.2 

7.2 

7.3 

7.1 

6.5 

6.5 

6.5 

6.5 

7.2 

7.2 

25.7.91 

DeEth 

(m) _ 

0 

0.45 

0 

0.5 

1 .0 

1 .5 

1 .65 

-: 0 

0.5 

0.65 

0 

0.5 

1 .0 

1 .5 

2.0 

o 
0.3 

D.O. 

mg/L 

8.8 

8.6 

9.4 

9.2 

7.0 

5.2 

4.2 

9.3 

7.5 

7.5 

9.0 

8.8 

6.8 

6.1 

6.0 

8.6 

8.4 

~ 

26.9.91 

DeEth 

(m) 

0 

0.35 

o 
0.35 

D.O . 

.mg/L 

7.3 

7.3 

7.2 

7.2 

~ 

o 
0.48 

6.8 

6.7 
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3.2.2. Salinity 

Ecological significance 

Salinity affects the physiological and structural 

characteristics of aquatic organisms through changes 

in osmotic concentration, ionic ratios, co-efficients 

of absorption and satu~ation of dissolved gases, density 

and viscosity, transmiassion of sound and electrical 

impulses (Hart, 1974). On a larger scale, salinity 

may modify the species composition of an ecosystem. 

In an estuarine system, salinity is constantly fluctuating 

due to tidal movement and freshwater inflow. Estuarine 

organisms are generally adapted to changing salinity 

but are adversely affected if the changes are too great 

or over excessively long durations. 

Apart from natural inflows of freshwater, inflows from 

other sources such as sewage effluent discharge may 

lower the salinity of an esturine system, at least 

locally, if the flow is sufficiently high. 

Hart (1974) recommends that any project, likely to 

cause permanent changes in salinity, should be very 

carefully assessed as to possible adverse effects on 

aquatic ecosystems. 

However, because of the shallowness of the coastal 

lagoons in Gosford and their frequent isolation from 

the sea it is to be expected that large salinity 

changes would be a normal feature of thi~ lagoon. 
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Assessment of lagoons 

There were considerable variations in the salinity 

regimes in the 4 lagoons studied, reflecting differences 

in hydrology and also frequency of lagoon opening by 

a'r.tilf±cial,·means. The. resul ts are given' in -Tables 8-11. 

(a) Wamberal 'Lagoon 

The most strikiRg feature of the salinity results 

was that on 15.3.91, after a long period of drought 

the salinity of the Lagoon was superhaline. At 

44 ppt it was 9 ppt over the normal salinity of 

seawat~r. It is clear that the superhaline 

condition was achieved as a result of evaporative 

concentration of salt associated with the drought, 

and lack of interchange with the sea due to prolonged 

closing of the sand bar. 

Although estuarine flora and fauna are genera~ly 

adapted to changing salinity, the prolonged 

hypersaline condition probably had a most profound 

effect on the biota of the lagoon. On the day 

of sampling, the Lagoon was almost completely 

devoid of benthic macrophytes, which were. known to 

exist in great abundance in 1986 when a study was 

carried out (Eardley, 1986). Although no subsequent 

record- is available, based on the salinity 

tolerance of the macrophytes present, it is 

postulated that the superhaline condition was 

probably a key factor causing the death and 

subsequent disappearance of the macrophytes. 

This in turn would have the effect of causing 

a marked increase in the turbidity of.the water 

due to resuspension of sediment particle~·loosened 

by the disappearence of the carpeting macrophytes 

and their root and rhizome systems. 

Under wet weather condition as on 25.7.91, there 

was a very marked reduction in salinity, falling 
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to just under 20 ppt. This moderate salinity 

persisted when the lagoon salinity was measured 

again on 26.9.91, some two months later. 

Because of the shallowness of the Lagoon, there 

was little vertical gradient in salinity. The 

only vertical grad~ent detected was at a deep 

part of the lagoon mouth on 25.7.91 after heavy 

rain •. The surface,salinity was measured to be 

15.1 ppt while the bottom salinity was 31.9 ppt 

at 3m depth. 

Spatially, there was also little difference between 

the stations. Together with the general lack of 
I 

obvious vertical gradients, it can be concluded 

that the Lagoon was quite well mixed. 

Overall, it is clear that because of the shallowness 

and small size of the Lagoon, large changes in the 

salinity of the Lagoon can be expected to occur 

relatively quickly. This in turn could have very 

significant impact of the Lagoon biota, especially 

those which are less tolerant to very large 

salinity changes. Although such large changes 

are probably a natural_feature of coastal lagoons. 

if so desired the changes may be regulated .. somewhat 

by the frequency of lagoon opening. 

(b) Avoca Laqoon 

As in the case for Wamberal Lagoon, Avoca Lagoon 

developed_superhaline condition, with the salinity 

reaching 38 ppt, 3 ppt above normal seawater 

salinity on 15.3.91. 

After heavy rainfall, the salinity of the Lagoon 

fell, reaching 27.0 - 29.8 ppt on 25.7.91, dropping 

further to 25 - 27 ppt on 26.9.91. 
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Again, because of the the shallowness of the 

Lagoon, there was 

If ~~linity gradient 

little evidence of vertical 

except at a deep hole at Station 

Spatially, there was no large salinity gradient 

even after heavy 'rain. Together with the lack 

of ve-rtical gradierits -it did indicate a fair 

degree of mixing'within the Lagoon, despite its 

rather dissected geometrical shape. 

Overall, it is clear that large changes in salinity 

could be expected to-occur relative~y quickly. As 

a result of heavy rainfall and that superhaline 

condition can also develop over a period of drought. 

Again, this could have very significant impact on 

the biota of the Lagoon." 

(c) Cockrone Lagoon 

Prior to the commencement of the project on 15.3.91, 

this lagoon was last opened· on the 21~2.90, some 

13 months earlier. Yet the salinity of the Lagoon 

on 15.3.91 was only around 23 ppt, much lower than 

those recorded for either WAmberal or Avoca. As 

the evaporative process and period of isolation 

were similar to Wamberal and Avoca Lagoons, the: 

most likely explanation for the much lower salinity 

on 15.3.91 much greater level of ground water 

intrusion into the lagoon. This needs to be 

further investigated. 

After heavy falls there was a reduction in salinity 

with values of 18.5 - 19.5 for the suiface waiers 

as measured on 25.7.91. On 26.9.91, the salinity 

values remained similar, ranging from 19.4 - 20.5 ppt. 

Again, because of its shallowness, there was little 

vertical salinity gradient, except at a deep part 
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near the mouth of the Lagoon with the measurements 

taken under wet weather on 25.7.91. 

Spatially, there was little difference. between 

the stations. Together with the above, it can 

concluded that there was reasonable mixing within , 
the Lagoon itself, in respect to salinity. 

It is clear that Cockrone Lagoon was much more 

stable in respect to salinity. This would mean 

that the lagoon was much less stressful an 

environmental for the biota than Wamberal Lagoon. 

(d) Terrigal Lagoon 

Prior to the commencement of the project on 15.3.91, 

the Lagoon was last opened on 15.9.90. As in the 

case for Cockrone Lagoon, the salinity on 15.3.91 

were only moderate, ranging from 17.8 - 19.0 ppt. 

When measured again,on 25~7,91, following a 

period of heavy rainfalls, the salinity of 

the lagoon actually went up to 24.1-28.8 ppt. 

This increase was probably due to the effect of 

of lagoon openings before the sampling date, 

letting in more saline water from the sea. 

Ecologically, it is highly significant that 

given the same climatic conditions,as Wamberal·" 

Lagoon, Terrigal Lagoon did not develop 

superhaline condition. Like Cockrone Lagoon, 

Terrigal Lagoon would be a much less stressful 

envionmental for the aquatic biota than 

Wamberal Lagoon. 

.y 



Table 8 

station 

1 

lA 

2 

2A 

3 

3A 

34 

Temporal and spatial changes in salinity/depth 

profiles in Wamberal Lagoon 

15.3.91 25.7.91 26.9.91 

Depth Sal. Depth Sal. Depth Sal. 

(m) pp"t (m) ppt (m) ppt 

0 44.0 0 18.9 0 19.2 

0.2 44.0 0.5 19.0 0.4 19.2 

0 44.0 0 1 9.1 

0.3 44.0 0.5 i 9.1 

0.8 19.2 

0 44.0 0 18.3 0 18.5 

0.5 44.0 0.5 21.4 0.5 18.5 

1.0 19.0 0.8 18.6 

0 44.0 0 1 7.3 

0.5 44.0 0.5 17.5 

0.8 44.0 1.0 18.5 

1.4 19.4 

0 44.0 0 19.0 0 19.1 

0.5 44.0 0.5 19.0 0.5 19.0 

1.4 44.0 1.0 23.8 1 .0 19.0 

1.5 1.5 19.0 

1.7 19.0 

0 44.0 0 1 5.1 0 18.2 

0.5 44.0 0.5 1 5.1 0.5 18.6 

0.8 44.0 1.0 18.9 1 • O~. 18.8 

1.5 27.5 '\ 1 .5 18.9 

2.0 30.1 2.0 18.6 
I 

2.5 31.0 f 2.5 18.1 ! 

3.0 31 .9 IJ' 3.0 17.2" 

: 

'\-
,} 
~ 



Table 9 

station 

2 

3 

4 

35 

Temporal and spatial changes in salinity/depth 

profiles in Avoca Lagoon 

15.3.91 

Deeth 

(m) 

0 

1 .0 

2.0 

3.0 

3.5 

o 
0.3 

o 
0.5 

1 .0 

1 .4 

o 
0.2 

Sal. 

ppt 

38.0 

38.0 

36.0 

35.0 

35.0 

38.4 

38.4 

36.8 

36.4 

36.2 

36.2 

36.4 

36.4 

25.7.91 

Deeth 

(m) 

0 

0.5 

0.7 

o 
0.5 

o 
0.5 

1 .0 

1.5 

o 
0.5 

Sal. 

ppt 

27.8 

28.0 

29.0 

30.2 

30.2 

27.3 

27.6 

27.0 

27.0 

29.8 

29.2 

1.0 29.8 

26.9.91 

Deeth 

(m) 

o 
0.25 

o 
0.5 

0.8 

o 
0.25 

Sal. 

ppt 

25.4 

25.4 

26.2 

26.1 

26.1 

27.0 

27.0 
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Table 10. Temporal and spatial changes in salinity/depth 

profiles in Cockrone Lagoon. 

Station 15.3.91 25.7.91 26.9.91 

Depth Sal. Depth Sal. Depth Sal. 

(m) ppt (m) ppt (m) ppt 

0 23.1 0 18.5 0 20.0 

0.6 23.1 0.5 18.7 0.5 20.9 

1.0 18.8 1.0 21 .• 0 

2 0 23.8 0 18.2 0 20.5 

0.7 23.8 0.5 18.2 0.5 20.6 

1.0 18.6 1 .0 20.6 

1.4 1 9.0 1 .5 20.4 

2.0 20.4 

3 0 22.8 0 18.8 0 19.4 

0.5 22.8 0.5 1 8.9 0.5 19.2 

1.0 22.8 1 .0 1 8.8 1 .0 19.4 

1.5 22.8 1.5 1 9.0 1 .5 19.8 

2.0 23.1 2.0 19.5 

2.5 24.9 2.5 19.5 

3.0 25.1 
3.5 25.1 
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Table 11. Temporal and spatial changes in salinity/depth 

profiles in Terrigal Lagoon 

station 

1 

2 

3 

4 

5 

15.3.91 

DeEth 

(m) 

0 

0.4 

0 

0.5 

1.2 

o 
0.5 

0 

0.5 

1.0 

1.2 

o 
0.3 

Sal. 

ppt 

19.0 

19.0 

18.8 

18.7 

17.8 

18.3 

18.3 

18.1 

18.1 

18.1 

1 8. 1 

18.1 

18.1 

25.7.91 

DeEth 

I (m) 

0 

0.45 

0 

0.5 

1.0 

1.5 

1.65 

o 
0.5 

Sal. 

ppt 

24.1 

24.5 

23.3 

23.8 

30.8 

31.0 

29.5 

27.2 

28.5 

0.65 28.5 

0 

0.5 

1.0 

1.5 

2.0 

o 
0.3 

25.2 

25.7 

30.0 

29.5 

28.0 

25.0 

26.2 

26.9.91 

DeEth 

(m) 

0 

0.35 

o 
0.35 

o 
0.48 

Sal. 

ppt 

20.5 

20.5 

20.1 

20.1 

20.0 

20.1 
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3.2.3. Water temperature 

Ecological significance 

Water temperature is an important ecological parameters 

as temperature variations affects the physiology of 

aquatic life and a whole range of physico-chemical 

processes, including the solubility of. oxygen, are 

also temperature dependent. In shallow waters, as 

a result of wind mixing, water temperature tends to 

be fairly uniform throughout. In deeper waters, water 

temperature is often not uniform throughout the water 

column due to unequal heating by the sun and reduced ------------vertical mi~g, especially in --------- summer. This is referred 

to as thermal stratification. 

Assessment of lagoons 

The water temperature regimes in all 4 lagoons were 

very similar, reflecting their very similar physical 

characteristics, especially their shallowness. 

Within each lagoon, there was little or no vertical 

or horizontal differences in water temperature when 

measured under dry weather condition, as on 15.3.91. 

This reflected wind induced mixing in these shallow 

water bodies. 

When measured under wet weather condition, as on 

25.7.91, vertical gradients were observed in the 

deeper sections of the lagoons. These gradients 

were associated with freshwater influxes from the 

catchment areas and were transient and would not 

have very significant ecological effects. 

It is interesting to note that on anyone sampling 

day, the temperature differences between the lagoons 
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could be quite significant. On 15.3.91 for example, 

the temperature range for Wamberal Lagoon was 22.7Co 

_ 24. 6Co, 'while the temperature range for Avoca 

Lagoon was 23.2 CO - 28.9 Co. One reason for the 

observed difference was the time of sampling, but 

it could also reflect ?ifferences in hydrology or 

other aspects of the lagoon systems. 

In summary, it can be concluded that the temperature 

regimes of Wamberal, Avoca, Terrigal and Cockrone 

Lagoons were similar. Within each lagoon, there were 

minor vertical gradients in the deeper sections of 

the water body under wet weather due to influx of 

freshwater. At other times, the lagoons did not 

show significant spatial differences in water temperature 

suggesting that the lagoons were well mixed. 

The temperture results are given in Tables 12-15. 
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Table 12 . Temporal and spatial changes in temperature/depth 

profiles in Wamberal Lagoon 

Station 15.3.91 25.7.91 26.9.91 

Del2th Teml2 Del2th Teml2 Del2th Teml2 

(m) (CO) (m) (CO) (m) (CO) 

1 0 22.7 , 0 10.5 0 19.5 

0.2 22.7 0.5 10.5 0.4 19.5 

lA 0 22.6 0 10.9 

0.3 22.6 0.5 11 .0 

0.8 11 .0 

2 0 23.1 0 10.5 0 18.5 

0.5 23.1 0.5 10.4 0.5 18.5 

1 .0 10.4 0.8 18.6 

2A 0 23.1 0 10.8 

0.5 23.0 0.5 10.8 

0.8 23.0 1 .0 10.8 

1.4 11 .5 

3 0 24.4 0 11 .2 0 19.1 

0.5 24.4 0.5 11 .2 0.5 1 9.1 

1 .4 23.6 1 .0 11 .5 1 .0 1 9.1 

1.5 11 .5 1 .5 19.0 

1 .7 19.0 

3A 0 24.6 0 10.1 0 18.9 

0.5 24.6 0.5 10.1 0.5 18.9 

0.8 24.0 1.0 10.1 1 .0 18.9 

1 .5 10.3 1 .5 18.9 

2.0 10.3 2.0 18.7 

2.5 10.3 2 .5.. 18.5 

3.0 10.3 3.0 1 7 • 1 
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Table 13. Temporal and spatial changes in temperature/depth 

profiles in Avoca Lagoon 

station 

1 

2 

3 

4 

15.3.91 

DeQth 

(m) 

0 

1 .0 

2.0 

3.0 

3.5 

o 
0.3 

o 
0.5 

1 .0 

1 .4 

o 
0.2 

TemQ 

(CO) 

26.2 

26.5 

24.4 

23.5 

23.2 

28.5 

28.5 

26.6 

26.6 

26.2 

24.7 

28.9 

28.9 

25.7.91 

DeQth 

(m) 

0 

0.5 

0.7 

o -
0.5 

o 
0.5 

1.0 

1.5 

o 
0.5 

Temp 

(CO) 

14.5 

14.5 

13.8 

15.0 

15.0 

13.8 

13.2 

13.2 

13.0 

15.0 

15.0 

1.0 14.2 

26.9.91 

DeQth 

(m) 

o 
0.25 

o 
0.5 

0.8 

o 
0.25 

TemQ 

(CO) 

17.9 

17.9 

18.0 

18.0 

1 8.1 

19.0 

19.0 
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Table 14. Temporal and spatial changes in temperature/depth 

profiles in Cockrone Lagoon. 

station 15.3.91 25.7.91 26.9.91 

DeEth TemE ' Det2th .TemE DeEth TemE 

(m) (CO) (m) .( CO) (m) ( CO) 

1 0 25.4 0 1 2.1 0 1 8.0 

0.6 25.4 0.5 12.6 0.5 18.0 

1 .0 12.7 1.0 18.0 

2 0 26.4 0 11.8 0 18.6 

0.7 26.6 0.5 12.0 0.5 18.5 

1.0 12.1 1.0 18.4 

1 .4 12.4 1.5 18.5 

2.0 18.5 

3 0 25.4 0 1 2.0 0 18.3 

0.5 25.4 0.5 12.9 0.5 18.3 

1 .0 25.8 1 .0 12.2 1.0 18.3 

1.5 25.8 1 .5 12.0 1 .5 18.2 

2.0 13.2 2.0 18.2 

2.5 14.0 2.5 18.2 

3.0 14.9 

3.5 15.0 
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Table 15. Temporal and spatial changes in temperature/depth 

profiles in Terrigal Lagoon 

station 

1 

2 

3 

4 

5 

15.3.91 

DeEth 

(m) 

0 

0.4 

o 
0.5 

1 .2 

o 
0.5 

o 
0.5 

1 .0 

1 .2 

o 
·0.3 

TemE 

(CO) 

27.3 

27.3 

26.5 

, 26.5 

26.5 

25.7 

25.7 

25.1 

25.1 

25.1 

25.1 

27.5 

27.5 

25.7.91 

DeEth 

( m) 

0 

0.45 

o 
0.5 

1 .0 

TemE 

(CO) 

14.0 

14 .0 

12.6 

12.0 

14.9 

1.5 17.0 

1.65 17.2 

o 
0.,5 

13.0 

13.0 

0.65 14.0 

o 
0.5 

1 .0 

1 .5 

13.0 

13.0 

15.0 

16.5 

2.0 17.0 

o 
0.3 

1 4.1 

1 4 • 1 

26.9.91 

DeEth 

(m) 

0 

0.35 

o 
0.35 

o 
0.48 

TemE 

(CO) 

19.0 

19.0 

18.5 

18.5 

20.0 

20.0 
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3.2.4 . Suspended solids 

Ecological significance 

The composition and concentration of suspended solids 

in surface waters are important as they affect light 

penetration, solubility products and because high 

suspended solids concentration has adverse effects on 

aquatic life. 

High suspended solids load reduces the depth of the 

euphotic zone and therefore primary productivity. It 

is reported that practically no light is transmitted 

beyond a ,<;lepth of 8 cm when suspended solids reaches 

150 mg/L. 

Finely divided solids also serve as an important 

transport medium for pollutants such as pesticides 

and toxic heavy metals and other biologically active 

substances that are readily sorbed onto clay particles. 

High suspended solids load also affects aquatic life 

adversely including killing of fish directly or 

indirectly due to abrasive action; inhibition of 

growth or development of egg and larval stages; 

covering animals, plants and their habitats; 

interferring with natural movements; and reducing 

both food availability and ability of some fish to 

capture food organisms. 

Suspended solids generally refers to finely divided 

particles which in natural systems include plankton, 

organic detritus, clay and silt. Additional materials 

may be generated by human activities such as clearing 

of vegetation, building activities, sewage and storm 

water discharges and the like. 

There is as yet no generally accepted quantitative 

standard for the protection of aquatic life. Hart 
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(1974) notes that data from European freshwater 

fisheries suggests that suspended solids levels 

(measured as NFR, non-filterable residues) below 

80 mg/L should be capable of supporting moderate 

to good fisheries. Hart suggests that this value 

be used as a guide. 

Assessment of lagoons 

All 4 lagoons showed significant suspended solids 

loads. Microscopic examination showed that the 

great bulk of the particles were either inert or 

detrital .. in nature, as there were quite few planktonic 

organisms in the water. Because of the shallowness 

of the lagoons and also the lack of benthic vegetatiori 

cover, these particles were either derived from 

resuspension of sediment particles due to wind mixing 

or derived from the inflows under wet weather conditioris. 

(a) Wamberal Laqoon 

When sampled on 15.3.91, the Lagoon was extremely 

turbid and high to very high NFR values were 

recorded. The actual values ranged from 52.6 to 

157.3 mg/L. Some of these values certainly well 

exceeded the 80 mg/L value quoted by Hart (1974). 

The very high values were most certainly associated 

with the complete lack of benthic vegetation cover 

and high level of easily erodable sediment material. 

After heavy rain, the suspended solids loads 

actually decreased. This was partly due to 

increased water depth but perhaps more importantly, 

due to influx of water from the catchment· with 

lower suspended solids load. The actual NFR values 

recorded were 18.0 - 31.0 mg/L for 25.7.91 and 

25.6 - 34.2 mg/L for 26.9.91. 
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Overall, it can be concluded that the suspended 

solids loads in the water of the Lagoon were 

very variable, at times excessive. 

(b) Avoca Lagoon 

1 

)1 As in the case of Wamberal Lagoon, very high 
i " 

suspended solids values were recorded from parts 

of the lagoons. These very high values, reaching 

as much as 216.9 '~g/L were generally associated 

with sampling points with low water depths and 

a very silty sediment , easily suspendable by 

wind action. 

The occurrance of heavy rainfall had caused an 

increase in water depth and influx of large amount of 

less turbid runoff water and thereby resulting 

'in an overall decline in suspended solids values. 

The values for 25.7.91 ranged from 19.6 to 42.3 

mg/L. 

The overall assessment is that the NFR values 

of the Lagoon were very variable, and at times 

excessive. 

(c) Cockrone Lagoon 

Except for one relatively high value of 65 

mg/L, the NFR values for cockrone lagoon 

were mostly moderate ranging from 8.1 .~ 43.2 

mg/L. It is noted that station 3, located at 

the mouth of the Lagoon generally had lower 

NFR values than the other sites. This was 

b2cause sediment at Station 3 was sandy while 

the sediments at Station 1 and 2 were silLY. 

It is also noted that the lower NFR values 

also reflected, the more sheltered position of the 

Lagoon, resulting in less wind induced turbulence. 
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The overall assessment is that the NFR values 

of Cockrone Lagoon were generally moderate, 

and within the value of 80 mg/L quoted by Hart. 

(1974). 

(d) Terrigal Lagoon 

I 
3 out of 15 NFR --- values recorded for Terrigal 

Lagoon ·were relatively high, ranging from 62.1 

to 98.4 mg/L a~d which were invariably associated 

with shallow sampling areas with ~asily disturable 

sediments. 

The rest of the NFR values recorded were moderate, 

with values ranging from 10.2 to 43.1 mg/L. 

After rain, the NFR values generally dropped, 

again reflecting increased water depth and influx 

of runoff waters with lower NFR values. 

The overall assessment is that the NFR values 

of Terrigal Lagoon were generally moderate and 

within the value oi 80 mg/L quoted by Hart (1974). 

The suspended solids results have been summarised in 

Tables 16-19. 
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Table 16 . Temporal and spatial changes in suspended solids 

concentration in Wamberal Lagoon. 

SusEended solids (mg/L) 
II 

TOE Bottom 

15.3.91 " 

Station 1 107.5 

Station :2 157.3 

Station 3 65.7 
" 

Station 3A 52.6 

Mean 95.77 

S.D. 40.90 

25.7.91 

Station 1 31. 0 36.4 

Station 2 35.7 37.5 

Station 3 28.6 39.1 

Station 3A 18.0 26.5 

Mean 28.33 

S.D. 6.48 

26.9.91 

Station 2 27.2 

Station 3 34.2 

Station 3A 25.6 

Mean 29.00 

S.D. 3.73 
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Table 17. Temporal and spatial changes in suspended solids 

concentrations in Avoca Lagoon. 

15.3.91 

Station 1 

Station 2 

Station 3 

Station 4 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

26.9.91 

Station 2 

Station 3 

Station 4 

I 
I 

, , 

Mean 

S.D. 

Mean 
S.D. 

Mean 

S.D. 

Suspended 

Top 

34.5 

216.9 

41.2 

62.3 

89.48 
34.46 

42.3 

27.9 

19.6 

38.2 

32.0 

8.87 

1 06.2 

28.3 

119.5 

84.66 

40.20 

solids (mg/L) 

Bottom 

20.8 

40.5 
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Table 18 • Temporal and spatial changes in suspended solids 

concentration in Cockrone Lagoon. 

15.3.91 

Station 1 

Station 2 

Station 3 
" 

25.7.91 

Station 1 

Station 2 

Station 3 

26.9.91 

Station 

Station 2 

Station 3 

II 

" 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

SusEended 

TOE 

65.7 

43.2 

35.6 

48.17 

12.78 

21.0 

20.3 

1 1 .3 

17.53 

4.41 

14.2 

10.2 

8.1 

10.87 

2.53 

solids (mg/L) 

Bottom 

21 .5 

13.6 

'. 
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Table 19. Temporal and spatial changes in suspended solids 

concentration (NFR) in Terrigal Lagoon. 

15.3.91 

Station 

Station ~2 

Station 3 

Station 4 

Station 5 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

26.9.91 

Station 1 

Station 3 

Station 5 

Mean 

S.D. 

Mean 

S.D~ 

Mean 

S.D. 

" 

Suspended 

Top 

29.1 

27.8 

26.5 

43.1 

65.2 

38.34 

14.70 

13.4 

10.2 

14.2 

13.8 

38.8 

18.08 

14.46 

.98.4 

20.6 

62.1 

60.37 

31 .78 

solids (mg/L) 

Bottom 

16.3 

22.4 

31 .2 
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3.2.5. Turbidity 

Ecological significance 

Turbidity is related to suspended solids and to particle 

size. Very finely divided particles will yield higher 

turbidity thanlarger"particles of the same total mass. 

High turbidity reduces light penetration and therefore 
" 

biological production and from the aesthetic point of 

view highly turbid water is visually unattractive. 

Turbidity and suspended solids are related and they 
" 

affect the transparency of water. The criteria for 

transparency and suspended solids have been discussed 

elsewhere. 

Assessment of lagoons 

Because turbidity is related to suspended solids, the 

comments for suspended solids given in Section 3.2.4 

also apply here. 

(a) Wamberal Lagoon 

When sampled on 15.3.91, the Lagoon was visibly 

very turbid throughout even though the turbidity 

values were significantly lower near the mouth 

of the Lagoon. The recorded range of values was 

9.0- 32.5 FTU, with a mean of 17.1 FTU. 

After a period of heavy rain, the turbidity values 

declined sharply giving mean values of 4.8 FTU and 

5.5 FTU for 25.7.91 and 26.9.91 respectively. The 

reduction in turbidity was due to the influx of 

freshwater from the catchment. 

Overall, it can be concluded that the turbidity 

of the Lagoon was quite variable, at times excessive. 
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(b) Avoca Lagoon 

Very high turbidity values, re:aching as high as 

42.0 FTU had been recorded in parts of the 

Lagoon. These high values were generally 

associated wit~ sampling points with low water 

depths and a soft" muddy sediment" , easily 

disturbed by wind action. . 
The occurrance of heavy rainfall resulted in 

an influx of freshwater, increase in water 

depth and general decrease in turbidity. 

The overall assessment is that the turbidity 

values of the Lagoon were vary variable, and 

at times excessive. 

(e) Cockrone Lagoon 

The turbidity values for this lagoon were 

moderate on 15.3.91, with a mean of 8.0 FTU. 

After a period of rain, the turbidity values 

fell further, with mean values of 2.9 FTU 

for 25.7.91 and 1.6 for 26.9.91 respectively. 

The overall assessment is that the turbidity 

values for Cockrone Lagoon were moderate and 

were quite acceptable. 

(d) Terrigal Lagoon 

3 out of 15 turbidity values were relatively 

high and which were associated with sAallow 

sampling areas with easily disturable sediments. 

( 
\ 
\ I 
I" 
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The rest of the turbidity values ~ere moderate, 

with values ranging from 1.7 FTU to 8.0 FTU. 

The overall assessment is that the turbidity 

values of Terrigal Lagoon were generally 

modera,te and acceptable. 

The results are given in Tables 20-23. 
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Table 20. Temporal and spatial changes in turbidity in 

Wamberal Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

Station 3A 

25.7.91 

Station 1 

Station 2 

station 3 

Station 3A 

26.9.91 

Station 2 

Station 3 

Station 3A 

Turbidity 

I 
I Top 

17.5 

32.5 

. 9: a 

9.5 

Mean 17.13 

S.D. 9.50 

4.3 

6.2 

4.5 

4.0 

Mean 4.75 

S.D. 0.86 

4.7 

6. 1 

5.6 

Mean 5.47 

S.D. 0.58 

(FTU) 

Bot. 

6. 1 

4.7 

5.3 

5.2 
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Temporal and spatial changes in turbidity in 

Avoca Lagoon 

15.3.91 

Station 

Station 2 

Station 3 

Station 4 

25.7.91 

Station 

Station 2 

Station 3 

Station 4 

26.9.91 

Station 2 

Station 3 

Station 4 

II 

" 

EJvt\.1.-.(,t. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

, S.D. 

Turbidity 

Top 

6.0 

42.0 

7.0 

12.5 

16.88 

14.72 

8.0 

5.4 

3.2 

8.3 

6.23 

2.08 

17.0 

4.4 

27.5 

16.30 

9.44 

(FTU) 

Bot. 

3.2 

8.8 
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Table 22. Temporal and spatial changes in turbidity in 

Turbidity (FTU) 
I 
I 

Top Bot. 

15.3.91 

Station . 1 9.0 

Station 2 8.0 

Station 3 7.0 

Mean 8.00 

S.D. 0.82 
25.7.91 

Station 1 3.9 

Station 2 2.6 2.7 

Station 3 2.3 2.3 

Mean 2.93 

S.D. 0.69 
26.9.91 

Station 2.1 

Station 2 1 . 6 

Station 3 1 .2 

Mean 1 .63 

S.D. 0.37 
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Table 23 • Temporal and spatial changes in turbidity in 

Terrigal Lagoon 

15.3.9'-

Station 1 

Station 2 

Station 3 
.. 

Station 4 

Station 5 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

26.9.91 

Station 1 

Station 3 

Station 5 

" 

.-

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Turbidity 

Top 

5.5 

5.5 

5.0 

8.0 

10.5 

6.90 

2.08 

2.0 

1 .7 

2.2 

2.1 

7.9 

3.18 

2.37. 

21 .0 

4.7 

13 .5 

13.06 

6.06 

(FTU) 

Bot. 

2.1 

4.8 

5.8 
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Light penetration (measured as Secchi transparency) 

Ecological significance 

Water absorbs light energy strongly and when a light 

beam penetrates water it undergoes both attenuation 

in intensity and changes in spectral composition. 

As light is ~mportant in photosynthesis, factors 

which inhibit light ,penetration, such as coloured 

organic matter, suspended solids or~elf-shading by 

phytoplankton_would tend to reduce biological 

production. Submarine light is measured with a light 

meter or m9re conveniently, though less accurately 

with a Secchi disk. Light measuremnt with a Secchi 

disk is referred to as Secchi transparency. Tyler 

(1968) proposes that a factor of 2.5 times the Secchi 

transparency reading gives a rough estimate of the 

depth of the euphotic zone. 

For recreational waters high water clarity~e. high 

transparency)is a desirable attribute from the point 

of view of visual appeal, recreational enjoyment and 

safety. For bathing and swimming areas Hart (1974) 

recommends a Secchi transparency value of no less 

than 1.2m. 
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Assessment of lagoons 

Because of the shallowness of the lagoons, it was not always 

possible to make transparency readings. Where it was 

possible to do so, the values were generally relatively 

low and in general agreement with the turbidity, suspended 

soilds values as these three parameters are related. 
" 

Cal Wamberal'Lagoon 
" 

On 15.3.91, preceeded by a long period of dry weather, 

I; the transparency readings were very low, ranging from 

II O.3m to 0.60m. These values were all well below the 

recommemded value of 1.2m for waters to be used for 

bathing and swimming purposes. 

After heavy rainfall, the Secchi transprancy readings 

as recorded on 25.7.91 and later on 26.9.91 increased 

with values ranging from O.8m - 1.25m. Despite the 

increase, nearly all the readings were still well 

below the 1.2m value recommended for bathing and 

swimming. 

On all 3 samplings, it was clear that Station 3A 

and Station 3 showed the highest transparency values. 
This was due to greater depths and the influence of 

the sea as these two stations were located closest 

to the mouth of the lagoon. 

Despite the very low transparency values, the whole 

lagoon basin was still well within the euphotic 

depth because of its shallowness. Consequently, 

given the right water quality, benthic macrophytes 

could eventually colonise and inhabit the benthic 

zone. When this happens, the ,sediment will be 

stabilised and this would in turn lead" to clearing 

of the water column and increased water clarity. 
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The overall assessment for Wamberal Lagoon is that 

the transparency values were too low. For safety 

reasons, the lagoon was not suitable for most 

water sports, except for a small stretch of water 

just behind the sand bar where the transparency 
I 

values were close tQ the recommended standards. 

(b) Avoca Lagoon 

Unfortunately, due to the shallowness of the lagoon 

it was not possible to make accurate transparency 

readings. Where possible, estimates had been made. 

The results showwd that on 15.3.91, all the values 

were lower than the 1.2m recommended by Hart for 

swimming and bathing. On 25.7.91, after heavy 

rainfalls, there was some improvement, but the 

values would still be marginally below the 1.2m 

value recommended. 

The overall assessment for Avoca Lagoon is that 

the transparency values for the lagoon were 

marginally below the recommmended value for 

swimming and bathing. Because of the shallowness, 

the entire basin would be in the euphotic zone. 

(c) Terrigal Lagoon 

Due to the shallowness of the lagoon, only 2 

transparency readings had been accurately determined 

on 15.3.91. Both readings were O.9m 

After a period of heavy rainfalls, the- t-r_ansparecny 

values increased and two readings made at-Stations 

2 and 4 gave values of 1.Sm. 
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The overall assessment is that the transparency 

values of the lagoon were often less than the 

recommended value for swimming and bathing. Again, 

because of its shallowness, the entire basin would 

be within the euphotic depth and would be capable 

of supporting benthic macrophytes. 

" 
(d) Cockrone.Lagoon 

The transparecny at Station 3, near the mouth of 

the lagoon was consistently good, with values 

ranging from 1.50m+ - 2.5m+. 

The transparency values in the main basin were much 

lower. It was estimated to be 1m on 15.3.91 and 

about 1.5m on 25.7.91. 

The overall assessment for Cockrone is that the 

transparency values near the mouth of the lagoon 

were good and would make this part of the lagoon 

suitable for swimming and bathing. The transparency 

values in the main water body were marginal only. 

Again, because of shallowness, the entire lagoon 

basin should be capable of supporting benthic plant 

growth. 

The results for the lagoons are given in Tables 24-27. 
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Table 24. Temporal and spatial changes in Secchi transparency 

in Wamberal Lagoon. 

Transparency 

(m) 

15.3.91 

Station 1 0.20+ 

Station 1A 0.20+ 

Station 2 0.35 

station 2A 0.30 

Station 3 0.60 

Station 3A 0.60 

25.7.91 

Station 1 0.80+ 

Station 1A 0.80+ 

Station 2 0.80 

Station 2A 0.80 

Station 3 1 .00 

Station 3A 0.95 

26.9.91 

Station 0.40+ 

Station 2 0.80+ 

Station 3 1 .00+ 

Station 3A 1 .25 
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Table 25. Temporal and spatial changes in Secchi transparency 

in Avoca Lagoon 

15.3.91 

Station 

Station 2 

Station 3 

Station 4 

" 25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

26.9.91 

Station 2 

Station 3 

Station 4 

" 
Transparency 

0.90+ 

0.30+ 

0.90+ 

0.30+ 

0.70+ 

0.60+ 

1 .30+ 

1 .00+ 

0.25+ 

0.80+ 

0.25+ 

(m) 

". 
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Temporal and spatial changes in Secchi transparency 

in Cockrone Lagoon. 

15.3.91. 

Station 1 

Station 2 

Station 3 

25.7.91 

Station 1 

Station 2 

Station 3 

26.9.91 

Station 

Station 2 

Station 3 

" 

\ 

Transparecny 

0.60+ 

0.70+ 

1 .50+ 

1 .00+ 

1 .40+ 

1 .90 

1 .00+ 

2.00+ 

2.50+ 

(m) 
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Table 27 • Temporal and spatial changes in Secchi transparency 

in Terrigal Lagoon. 

15.3.91 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

26.9.91 

Station 

Station 3 

Station 5 

" 

H 

Transj2arency 

0.40+ 

0.90 

0.50+ 

0.90 

0.30+ 

0.45+ 

1 .50 

0.60 

1 .50 

0.30+ 

0.35+ 

0.35+ 

0.45+ 

(m) 



67 

3.2.7. E!:! 

Ecological significance 

pH is an important factor in the chemical and biological 

systems of natural wate~s. Changes in the pH of water 
. , 

can have adverse effects on aquatic life. Direct effects 

of pH changes increased fish, larva and egg mortality , 
and indirect effects include the modification of the 

toxicity of certain toxic agents by affecting their 

degree of solubility. The solubility of metal compounds 

in bottom Sediments, suspended particles can also be 

affected by pH'changes. 

The normal pH of seawater is 8.0 - 8.3. Hart (1974) 

recommends that the pH change in marine water of more than 

0.2 unit from the normal values should be investigated 

to ascertain the cause of the change. Likewise, the 

Clean Waters Act stipulated that "wastes are not to be 

discharged into the waters if the pH of the wastes is 

less than 6.5 or more than 8.5 or if the discharge 

induces a variation in the pH value of the waters of 

more than 0.2". 

Assessment of lagoons 

The normal pH of seawater is about 8.0-8.3. The 

values for brackish estuarine waters could deviate 

from this, depending on the nature of the catchment 

runoffs and ground water quality. 

(a) Wamberal Lagoon 

The pH values recorded for WAmberal Lagoon were 

satisfactory. The value ranged from 8.0-8.3, 

reflecting the marine influence. 
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(b) Avoca Lagoon 

With the exception of a value of 7.7. recorded 

at Station 1 on 25.7.91, under wet weather, the 

pH values of the lagoon ranged from 8.1-8.5, 

which were indicative of its marine influence. 

II 

Overall, .. the pH values recorded for Avoca Lagoon 

were satisfacto~y. 

(c) Cockrone Lagoon 

The pH vlaues for Cockrone Lagoon differed 

signif.icantly from the other two lagoons above 

in that the values were all below 8.0 on both 

15.3. 91 and 25.7.91. This was probably due to 

the influence of ground water intrusion and 

catchment catchment runoff. Furthermore, organic 

acids could also have been produced by the thick 

layer of organic mud present on the lagoon basin 

(see Section 3.3.) could also lower the pH. 

On the other hand, the pH values recorded on 

26.9.91 were all quite high, with values ranging 

from 8.8-8.9. 

The causes for such large changes are not known 

and should be investigated. 

(d) Terrigal Lagoon 

With the exception of value of 7.7. measured on 

25.7.91, after heavy rainfalls, the pH values 

were within the range 7.9-8.4, again reflecting 

the marine influence on the lagoon. 

The overall assessment is that the pH values 

were satisfactory. 

The results are given in Tables 28-31. 
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Table 28. Temporal and spatial changes in pH in Wamberal 

Lagoon. 

pH (units) 
I 
I 

Top Bot. 

15.3.91 

Station 1 8.0 

Station 2 8.0 

Station', 3 8.0 

Station 3A 8.0 

mean 8.0 

S.D. 0 

25.7.91 

Station 1 8.3 8.2 

Station 2 8.3 8.3 

Station 3 8.3 8.3 

Station 3A 8.3 8.3 

mean 8.3 

S.D. 0 

26.9.91 

Station 2 8.2 

Station 3 8.2 

Station 3A 8.2 

mean 8.2 

S.D. 0 



70 

Table 29. Temporal and spatial changes in pH in Avoca 

Lagoon 

15.3.91 

Station 1 

Station 2 .. 
Station 3 

Station! 4 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

26.9.91 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

I, 

" 

pH 

Top 

8.4 

8.5 

8.4 

8.4 

8.22 

0.23 

7.7 

8.1 

8.2 

8.2 

8.05 

0.21 

8.2 

8.2 

8.2 

8.20 

a 

(units) 

Bot. 

8.2 

-. 
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Table 30. Temporal and spatial changes in pH in Cockrone 

Lagoon. 

15.3.91 

Station 1 

Station 2 

Station '3 

mean 

S.D. 

25.7.91 

Station 1 

Station 2 

Station 3 

mean 

S.D. 

26.9.91 

Station 1 

Station 2 

Station 3 

mean 

S.D. 

I 
I 

, , 

EH 

TOE 

7.9 

7.9 

7.9 

7.90 

a 

7.6 

7.6 

7.7 

7.63 

0.05 

8.8 

8.9 

8.8 

8.83 

0.05 

(units) 

Bot. 

7.7 

7.7 
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Table 31. Temporal and spatial changes in pH in Terrigal 

Lagoon. 

pH (units) 

" Top 

15.3.91 
" 

Station 8.4 

Station 2 8.2 

Station 3 8.2 

Station 4 8.2 

Station 5 8.3 

mean 8.26 

S.D. 0.08 

25.7.91 

Station 1 8.0 

Station 2 8.0 7.7 

Station 3 8.0 

Station 4 8.0 

Station 5 7.9 

mean 7.98 

S.D. 0.08 

26.9.91 

Station 8.0 

Station 3 8.0 

Station 5 7.9 

mean 7.96 

S.D. 0.05 
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3.2.8. Key Plant Nutrients- phosphorus and nitrogen 

Ecological significance 

Aquatic plants are of obvious importance in a water 

body as they oxygenate the water and provide food and 

shelter for aquatic animals. Plant production is 

largely a function of light and nutrient supply and when 
I 

certain plant nutrients become limiting increased input 

of plant nutrients will' cause increased growth. Nitrogen 

and phosphorus are regarded as key nutrients in aquatic 

systems as they are frequently the limiting factors 

controlling productivity of aquatic plants. 

Various human activities such as sewage and industrial 

waste disposals, runoff from urban areas and from 

agricultural lands etc. can inject excessive amounts of 

plant nutrients into the receiving waters. - This 

artificial enrichment of water is termed cultural 

eutrophicationand nutrient enriched water bodies are 

said to be eutrophied. 

A detailed discussion of-the causes and symptoms of 

eutrophication can be found in a report by Wood (1975) 

which addresses the Australian situation. Briefly, 

the major problems associated with eutrophication are: 

(a) Reduction of aesthetic quality due to excessive 

growth of water weeds and algae. A water body is 

usually a visual focal point for the surrounding 

areas and excessive growth of algae in the water 

would reduce its aesthetic appeal. Blooms of 

planktonic algae discolour the water and increase 

turbidity and algal scum collecting at the surface 

is unsightly. Furthermore, certain algaei_such 

as blue green algae and dinoflagellates can be 

toxic with the potential to cause fish kills and 

a range of health problems for humans who use 

the water. 
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(b) Interference with recreational activities. 

Excessive plant growth in the water interferes with 

various water sports such as boating, water skiing, 

fishing and swimming. Dense growth of free floating 

algae can also be"a safety hazards by obscuring 

underwater objects such as rocks, logs etc. 

" 
(c) Reduction in water quality. 

Heavy growth of planktonic algae increases the 

turbidity and apparent colour of the water and 

reduces, ,light penetration. The algae can also 

cause significant changes in the pH of the water. 

(d) Toxic algae. 

Certain blue green algae and dinoflagellates are 

toxic. Blue green algae for example, can contain 

neurotoxins and liver toxins of considerable potency. 

Toxic algal blooms can cause fish kills and a range 

of health problems for water users. 

(e) Reduction of water depth. 

Increased production of plants cause~ increa~ed 

sedimentation of organic material, reducing the 

depth of a water body over a period of time. This 

could be quite significant for shallow lakes. 

(f) Deoxygenation. 

In the event of a large algal bloom, photosynthetic 

activity during day light hours in the surface layer 

of water may cause oxygen supersaturation. At night, 

however, a combination of respiratory activity by 

the algae and decomposition by bacteria may cause 

severe deoxygenation. One of the most obvious 

effects of this is fish kills. 



(g) Changes in species composition and diversity. 

Eutrophied system tend to have low species diversity. 

As far as fish are concerned the less deisrable 

species often replace the desirable species. 

Water bodies are usually divided into three broad , 
categories: oligotrophio, mesotrophic and eutrophic. 

Oligotrophic wat"ers are nutrient-poor and low in 

biological productivity: Mesotrophic and eutrophic 

waters show intermediate" and high nutrient and 

productivity levels respectively. In nature, there 

appears to be a tende~cy for oligotrophic waters to 

mature into eu~rophic conditions, a process referred 

to as natural eutrophication and which is relatively 

slow process. In contrast, cultural eutrophication can 

be extremely rapid, transforming an oligotrophic water 

into eutrophic state in a matter of years rather than 

decades or centuries as would be the case in nature. 

To establish the trophic status of water body and 

therefore its sensitivity to eutrophication process 

is clearly important. A number of water quality 

parameters have been used as index of eutrophy and of 

these the concentrations of plant nutrients are most 

frequently used as indices of eutrophy. It should be 

obvious from the aesthetic and recreational potential 

points of view a low trophic status is to be preferred. 

Such a water body is aesthetically pleasing and is 

much less likely to be troubled by excessive plant 

growth. 

It is generally accepted that phosphorus and nitrogen 

are the key limiting nutrients in natural waters. 

A number of workers observed that if the concentration 

of phosphorus and nitrogen exceeded a certain value 

nuisance algal growth can be expected (Sawyer, 1947, 1952, 

Syvester, 1961). On this basis, a number of schemes have 
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been drawn up to classify the trophic status of lakes 

based on phosphorus and nitrogen concentrations. 

Sakamoto, quoted by Vollenweider (1971) gives the 

following classification scheme based on data from 

Japanese lakes: 

'/ 

Total P u9./L Total bound N 

Oligotrophic lakes " 2 - 20 20 - 200 

Mesotrophic lakes 10 - 30 100 - 700 

eutrophic lakes 10 - 90 500 - 1300 

The values· .are given as limiting values. 

By comparing the data of Thomas, Vollenweider (1971) 

produced the following guidelines on lake eutrophy: 

u9./L 

Total P u9./L Inor9.anic N u9./L 

Ultra-oligotrophic 5 200 

oligo-mesotrophic 5 - 10 200 - 400 

meso-eutrophic 10 - 30 300 - 650 

eu-polytrophic 30 - 100 500 - 1500 

polyeutrophic 100 1500 

In the absence of a comparable scheme for estuarine 

waters the above schemes are used here as a basis for 

discussion. 

Article B(e) in the Clean Waters Act Regulations states 

that wastes are not to be discharged unless the 

concentration of plant nutrients in the wastes is 

controlled so as to prevent excessive plant growth 

in the receiving waters. However, the permissable 

upper limits of nutrients in the receiving 

waters have not been specified. It is noted also 

that the United States Environmental Protection 

.. 
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Agency recommends that the acceptable limit in receiving 

waters where it is a limiting factor for aquatic plant 

growth is given as 50 ug P/L at the point where a river 

enters a lake or reservoir and 25 ug P/L within lakes 

and reservoirs. Although there is no specific nutrient 

criteria for estuarine s~stems, the above values can be 

used as a guide., As an estuary is subjected to tidal 

movement, it seems that,the limit of 50 ug P/L can be , 
reasonably adopted as a guide for discussion here. 

As far as sources of nutrients are concerned, apart from 

sewage effluent, other sources include illegal discharges 

from boats, runoffs from developed areas and from natural 

catchment areas, and also from internal recycling processes 

especially nutrient release from the sediments. 

ASSESSMENT OF LAGOONS 

(a) Wamberal Lagoon 

There had been large' variations in total phosphorus 

levels in Wamberal Lagoon associated with changes in 

rainfall and hydrological conditions. Under dry 

weather condition, as on 15.3.91, the total phosphorus 

values were very high, ranging from 68-95 ug P/L. 

Based on total phosphorus values alons, this would 

place the lagoon well into the eutrophic category, 

according to the schemes proposed by Vollenweider, 

given above. 

However, although the phosphorus values were high, 

the data did not necessarily indicate gross pollution. 

Because of the shallowness of the lag60n~,it is 

expected that wind induced stirring effect on the 

sediment would cause suspension of nutrient-rich 

sediment particles. The view is supported by the 

very high suspended solids and turbidity values 

obtained. Nevertheless, the data does suggest that 
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the lagoon was already rich in phosphorus and would be 

sensitive to further increase in pollution load. 

In contrast, the concentrations of soluble ortho

phosphate values were rather low, ranging from 1-2 

ug/L on 15.3.91. This strongly suggested that the 

great bulk of the tot~l phosphorus measured was in 

fact associated with or in particles form and not 

so readily available ~or biological utilisation. This 

tends to lend further support to the view that the 

bulk of the total phosphorus was derived from 

resuspension of sediment particles. 

Following heavy rainfalls, there was a general reduction 

in total phosphorus concentrations, coinciding with a 

corresponding reduction in turbidity and suspended 

solids. This in turn indicates that the catchment 

runoffs did not carry a heavy phosphorus load. On 

25.7.91 and 26.9.91, the ranges og total phosphorus 

concentrations recorded were 20-25 ug p/L and 19-25 

ug p/L respectively. 

As far as orth-phosphate was concerned,the concentrations 

remained low, the actual concentration ranges were 

0-8 ug/L and 2 ug plL respectively. 

In contrast to phosphorus, the values for all 3 forms 

of inorganic nitrogen - nitrate, nitrite and ammonia 

were all low and except for one value of 138 ug/L 

total nitrogen, the values were all below 50 ug NIL. 

In terms of total inorganic nitrogen alone, the values 

would have place the lagoon in the oligotrophic category. 

This would indicate that nitrogen was the key limiting 

factor for plant growth in Wamberal Lagoon. ~t also 

would follow that large increases in nitrogen input into 

the lagoon would' very likely cause a corresponding 

increase in plant growth. 
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It is noted that ammonia consituted a very significant 

portion of inorganic nitrogen in the lagoon, especially 

under dry weather. This indicates that much of the 

inorganic nitrogen in the water was derived from the 

decomposition of organic matter. Under wet weather 

conditiop. , there was still some ammonia in 
. " the water, but less in terms of overall %, as a 

result of di·lution from catchment inflows • 
.. 

The overall ~ssessment for Wamberal lagoon 

is that the lagoon was. naturally' rich in phosphorus 

in particulate forms, but low in soluble phosphorus. 

Inorgaic nitrogen levels was very low and was probably 

the key limiting factor of plant growth in the lagooon. 

(b) Avoca Lagoon 

The levels of total phosphorus and soluble ortho

phosphate in Avoca Lagoon were very similar to 

Wamberal Lagoons. 

Under dry weather weather condition, as measured on 

15.3.91 the concentrations of total phosphorus were 

uniformly high, ranging from 100 - 135 ug P/L. Again, 

this would place the lagoon on the eutrophic 

category. 

After heavy rain, there was a marked reduction in 

total phosphorus level, dropping to the range of 

20-25 ug/L for 25.7.91 and 20-27 ug/L level for 

26.9.91. 

The changes in phosphorus levels corresponded again 

to reduction in trubidity and suspended solids after 

rain, again reaffirming the fact that the phosphorus 

was derived from sediment particles. 
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As far as ortho-phosphate was concerned, the levels 

were very low on 15.3.91. After rain, the levIes 

rose somewhat, to 3-15 on 25.7.91 and to 2~5 ug P/L 

on 26.9.91. This indicated some phosphorus input 

from the catchment, reflecting the effect of urban-

-isation. 
" 

As was the case fo.r Wamberal Lagoon, the total , 

inorganic nitrogen levels were very low. Except 

for a value of 137 ug/L recorded for 27.7.91, 

all the values were' well below 80ug!L. This would 

again suggest that nitrogen was the key limiting 

factor in this lagoon. 

Again, ammonia constituted a very significant 

percentage of the total inorganic nitrogen under 

dry weather and strongly suggests that ammonia 

was released from decomposing organic material 

in the bottom sediments. 

The overall assessment of nutrients in Avoca Lagoon 

is that the lagoon was rich in total phosphorus 

but low in nitrogen so that nitrogen would be the key 

limiting factor in the lagoon. 

(c) Cockrone Lagoon 

Like the previous two lagoons, the total phopshorus 

levels in the lagoon was quite high under dry weather 

with concentrations ranging from 60 -95 ug/L., again 

placing the lagoon in the eutrophic category. 

After heavy rainfalls there was very significant 

reductions in phosphorus concentrations, ~ropping to 

13-15 ug/L on 25,7.91 and 25-33 ug/L on 26.9.91. 

As far as ortho-phosphate is concerned, again 

the levels were low, undeteactable on 15.3.91 

and only 3-8 ug/L on 25.7.91 and 1-2 ug/L on 2S.9.91. 

. . 
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~he concentrations of inorganic_nitrogen ~ere low,but 

higher than the other two lagoons. In fact, 

there was ~ very significant increase in nitrogen 

especially in ammonia after heavy rain on 25.7.91. 

On the follow-up sampling on 26.9.91, the concentrations 

of ammonia and· total inorganic nitrogen again . .returned 

to normal. 
, 
I 

The overall assessment for Cockrone Lagoon was that 

the_concentrations of total phosphorus were high 

under dry weather but became moderate after wet 

weather. The concentrations of total inorganic 

nitrogen we're low under all three samplings and so 

nitrogen would be the key limiting factor. 

(d) Terrigal Lagoon 

The concentrations of total phosphorus recorded 

under dry weather were generally lower than the 

other lagoons, but nevertheless sufficiently high 

to place the lagoon in the eutrophic cateogory. 

The concentration range was 2-60 ug PIL, with a 

mean value of 34.6 ug P/L. 

After heavy rainfalls, probably as a result of 

dilution, the concentrations declined. The values 

were 15-33 ug PiLand 24-25 ug p/L on 25.7.91 and 

26.9.91 respectively and this would place the lagoon 

in the mesotrophic cetory. 

Changes in phosphorus concentrations were again 

associated with changes in suspended solids and 

turbidity. 

The concentrations of soluble ortho-phosphate 

were low on all 3 samplings, with values all less 

than 10 ug/L. Like the other lagoons, the inorganic 

nitrogen values were also low, with mean values 

for the 3 samplings all less than 35 ug NIL. 
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The overall assessment for Terrigal Lagoon is that 

the concentrations of phosphorus were moderately 

high and decreased after heavy rainfalls. The 

concentrations of nitrogen were low and would be 

the key limiting factor of plant growth in the 

lagoon. 
, , 

• 
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Table 32. Temporal and spatial changes in total phosphorus 

and total nitrogen in Wamberal Lagoon. 

Total EhosEhorus Total nitrogen P:N ratio 
I 

TOE BottQm TOE Bottom (Top) 

15.3.91 

Station 68 33 1 0.49 

Station 2 95 42 0.44 

Station 3 75 25 1 0.33 

Station 3A 85 29 0.34 

mean 80.75 32.25 

S. D. 10.28 6.30 

25.7.91 

Station 1 20 23 19 28 1 0.95 

Station 2 23 25 26 34 1 • 1 3 

Station 3 25 23 138 33 5.52 

Station 3A 20 33 30 27 1 .50 

mean 22.00 26.00 53.30 30.50 

S.D. 2.12 4.12 49.30 3.04 . 

26.9.91 

Station 2 21 27 1 .29 

Station 3 1 9 1 8 0.95 

Station 3A 25 25 1 .00 

mean 26.66 23.33 

S. D. 2.49 3.86 
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Table 33. Temporal and spatial changes in nitrate, nitrite 

and ammonia in Wamberal Lagoon. 

Nitrate nitrite ammonia 
II 

Top Bot. Top Bot. Top Bot. 

. ug NIL " ug NIL U9 NIL 

15.3.91 

Station 5 27 

Station 2 13 2 27 , , 

Station 3 6 1 18 

Station 3A 13 1 15 

mean 9.25 1 .25 22.80 

S.D. 3.77 0.43 5.23 

25.7.91 

Station 7 11 9 9 3 8 

Station 2 14 13 9 9 3 1 2 

Station 3 120 16 10 10 8 8 

Station 3A 12 9 8 9 10 10 

mean 38.25 12.25 9.00 9.25 6.00 9.50 

S.D. 41 .27 2.59 0.71 0.43 3.05 1 .66 . 

26.9.91 

Station 2 11 0 1 5 

Station 3 11 1 7 

Station 3A 1 7 4 5 

mean 13.00 1 .66 9.00 

S.D. 2.83 1 .20 4.30 

• 

• 

• 

• 
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Table 34. Temporal and spatial changes in total and soluble 

ortho-phosphate in Wamberal Lagoon. 

15.3.91 

Station 1 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 

26.9.91 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 

Ortho-phosphate 

Top 

ug 

2 

2 

2 

1 

1. 75 

0.43 

3 

0 

0 

8 

0.75 

1 .30 

2 

2 

2 

2.00 

o 

Bsttom , 
P/L 

, , 

0 

0 

6 

0 

1 .50 

2.59 

Total 

Top 

ug 

68 

95 

75 

85 

80.75 

10.30 

20 

23 

25 

20 

22.00 

2.12 

21 

19 

25 

21 .66 

2.49 

phosphorus 

Bottom 

P/L 

23 

25 

23 

33 

26.00 

4.12 
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Table 35. Temporal and spatial changes in total and soluble 

ortho-phosphate in Avoca Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

26.9.91 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

Ortho-EhosEhate 

" 
TOE 

ug P/L 

0 

0, , 

0 

0.25 

0.43 

4 

3 

5 

15 

6.75 

4.81 

5 

2 

4 

3.67 

1.25 

Bottom 

" 

6 

Total 

TOE 

ug 

100 

135 

100 

102 

109.25 

14.89 

20 

25 

20 

23 

22.00 

2.12 

27 

20 

24 

23.67 

2.87 

EhosEhorus 

Bottom 

P/L 

23 
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Table 36 . Temporal and spatial changes in nitrate, nitrite 

and ammonia in Avoca Lagoon 

Nitrate I Nitrite Ammonia 
I 

Top Bot. Top Bot. Top Bot. 

ug NIL ug NIL ug NIL 

15.3.91 

Station 0 2 49 

Station 2 1 1 12 

Station 3 8 1 9 

Station 4 3 2 12 

mean 3.00 1. 50 23.00 

S.D. 3.08 0.50 15.28 

25.7.91 

Station 46 10 82 

Station 2 20 1 0 8 

Station 3 39 32 1 0 10 9 8 

station 4 13 10 17 

mean 19.50 10.00 29.00 

S.D. 13.46 0 30.79 

26.9.91 

station 2 16 0 27 

sta tion 3 1 7 3 28 

station 4 .:- . 1 7 3 56 

mean 16.66 2.00 37.00 

S.D. 0.47 1 . 41 13.44 
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Table 37. Temporal and spatial changes in total phosphorus 

and total nitrogen in Avoca Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

25.7.91 

Station 1 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

26.9.91 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

Total ehosehorus 
I, 

Top 

100 

135 

100 

102 

109.25 
-14.89 

20 

25 -

20 

23 

22.00 

2.12 

27 

20 

24 

23.67 

2.87 

Bottom 

" 

23 

Total nitrogen 

Top 

-_51 

1"4 

28 

1 7 

27.50 

14.53 

137 

37 

58 

39 

67.75 

40.81 

43 

47 

75 

55.00 

14.24 

Bottom 

50 

P:N ratio 

(top) 

0.51 

1 0.11 

: 0.28 

1 : 0.16 

1 6.85 

1 1 .48 

1 : 2.90 

: 1 .70 

: 1. 59 

2.35 

3.13 
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Table 38. Temporal and spatial changes in total and soluble 

ortho-phosphate in Cockrone Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

25.7.91 

Station 1 

Station 2 

Station 3 

mean 

S.D. 

26.9.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

Ortho-EhosEhate 

TOE 

ug 

0 

0 

0 

0 

0 

8 

3 

3 

4.67 

2.35 

2 

2 

1 .66 

0.47 

Bottom 

P/L 

3 

4 

" 

.. 

Total 

TOE 

ug 

95 

60 

89 

79.14 

16.69 

13 

1 5 

13 

13.66 

0.94 

25 

27 

33 

28.33 

3.40 

EhosEhorus 

Bottom 

P/L 

1 3 

18 
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Table 39. Temporal and spatial changes in total phosphorus 

and total nitrogen in Cockrone Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

26.9.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

Total phosphorus 

Top 

, , 

··ug 

95 

60 

89 

81.33 

15.28 

1 3 

1 5 

13 

13.66 

0.94 

25 

27 

33 

28.33 

3.40 

Boutom 

P/L 

" 

13 

18 

Total nitrogen 

Top 

ug 

.33 

38 

21 

28.85 

5.41 

155 

1 61 

1 42 

152.66 

7.93 

28 

26 

39 

31 .00 

5.72 

Bottom 

N/L 

1 66 

156 

P:N ratio 
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Table 40 . Temporal and spatial changes in nitrate, nitrite 

and ammonia in Cockrone Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

25.7.91 

Station 

Station 2 

Station 3 

26.9.91 

Station 1 

Station 2 

Station 3 

mean 

S.D. 

mean 

S.D. 

mean 

S.D. 

Nitrate 

Bot. 

ug NIL 

4 

3 

6 

4.33 

1. 25 

44 

42 

51 

45.67 

3.85 

12 

9 

11 

10.66 

1 .25 

43 

40 

I 
I 

, , 

Nitrite 

Bot. 

ug NIL 

o 

2 

1 .00 

0.82 

9 

9 

7 

8.33 

0.94 

2 

2 

2 

2.00 

o 

7 

8 

Ammonia 

Bot. 

ug NIL 

30 

34 

19 

27.66 

6.34 

103 

110 

84 

99.0 

10.98 

1 5 

1 5 

26 

18.67 

5.19 

116 

108 
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Table 41. Temporal and spatial changes in total phosphorus 

and soluble ortho-phosphate in Terrigal Lagoon 

Ortho-phosphate Total phosphorus 

Top Bottom Top Bottom 

ug P/L " ug P/L 

15.3.91 

0 
n 

4 Station 

Station 2 2 26 

Station 3 9 51 

Station 4 5" 60 

Station 5 4 32 

mean 4.00 34.60 

S.D. 3.03 19.65 

25.7.91 

Station 5 20 

Station 2 6 6 15 20 

Station 3 5 20 

Station 4 5 8 15 

Station 5 4 30 

mean 5.00 20.00 

S.D. 0.63 5.45 

26.9.91 

Station 5 25 

Station 3 3 24 

Station 5 3 24 

mean 3.67 24.33 

S.D. 0.94 0.47 
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Table 42 • Temporal and spatial changes in nitrate, nitrite 

and ammonia in Terrigal Lagoon. 

Nitrate Nitrite Ammonia 
, 

Top .. Bot. , Top Bot. Top Bot. 

ugN/L ug NIL ug NIL 

15.3.91 

Station 9 3 12 

Station 2 25 1 16 

Station 3 22 3 1 9 

Station 4 30 0 16 

Station 5 2 4 

mean 17.4 1 .8 13.4 

S.D. 10.74 1.17 5.20 

25.7.91 

Station 48 1 0 66 

Station 2 48 31 11 10 10 61 

Station 3 33 10 36 

Station 4 56 42 1 0 10 35 14 

Station 5 67 1 0 24 

mean 50.4 10.2 34.2 

S.D. 11. 14 0.40 18.47 

26.9.91 

Station 30 5 26 

Station 3 22 4 28· 

Station 5 17 2 44 

mean 23.0 3.7 32.7 

S.D. 5.35 1 .25 8.06 
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Table 43. Temporal and spatial changes in total phosphorus 
and total inorganic nitrogen in Terrigal Lagoon. 

Total phosphorus Total nitrogen 

Top. Bottom top Bottom 

ug P/L ug N/L 

" 15.3.91 

Station 1 4 24 

Station 2 26 42 

Station 3 '51 44 

Station 4 60 46 

Station 5 32 7 

mean 34.6 32.6 
S.D. 19.65 15.01 

25.7.91 

Station 20 124 

Station 2 1 5 20 68 101 

Station 3 20 33 69 

Station 4 15 100 65 

Station 5 30 100 

mean 11 . 9 89.6 

S.D. 5.48 21 .24 

26.9.91 

Station 1 25 60 

Station 3 24 53 

Station 5 24 62 

mean 24.3 58.3 

S.D. 0.47 3.86 
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3.2.9. silicate 

Silicate is essential for the growth of an important 

group of microscopic algae called diatoms. Changes in 

silicate concentrations are often associated with 

changes in diatom populations. It is generally believed 

that diatom growth i~ limited when concentration of 

silicate in water falls below 500 ug/L. 
, , 

Assessment of lagoons 

The silicate values for all 4 lagoons. were very low, 

with silica levels all below 200 ug/L. These values 

would limit the growth of diatoms ~nd would help to 

explain the low populations of diatoms in these lagoons. 

This in turn may have encouraged the dominance.of~other 

algae such as dinoflagellates, as observed. 

Within each lagoon, there were marked temporal changes, 

but the changes were generally related to rainfall, 

reflecting the influence of catchment runoffs on the 

silicate concentrations in the lagoons. 

The overall assessment is that the silicate levels 

in Wamberal, Avoca, Cockrone and Terrigal Lagoons 

were generally low and would be limiting for the 

growth of diatoms in these lagoons. 

The results are summarised in Tables 44-47. 
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Table 44. Temporal and spatial changes in silicate concentration 

in Wamberal Lagoon. 

" 
15.3.91 

" 
Station 1 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 
25.7.91 

Station 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 
26.9.91 

Station 2 

Station 3 

Station 3A 

mean 

S.D. 

Silicate 

Top 

146 

1 43 

130 

155 

143.5 

8.96 

17 

1 3 

1 1 

1 2 

13.25 

2.28 

31 

35 

33 

33.00 

, .63 

(ug/L) 

Bottom 

22 

15 

9 

5 

12.75 

6.41 
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Table 45. Temporal and spatial changes in silicate concentration 

in Avoca Lagoon. 

15.3.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

26.9.91 

Station 2 

Station 3 

Station 4 

mean 

S.D. 

silicate 
I 

I Top 

4 

13 

1 6 

2 

8.75 

5.89 

79 

27 

1 9 

2.2 

36.75 

24.56 

55 

29 

70 

51 .33 

16.93 

(ug/L ) 

Bottom 

18 
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Table 46. Temporal and spatial changes in silicate concentration 

in Cockrone ,Lagoon. 

15.3.91 

Station 

Station 2 

Station'3 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

26.9.91 

Station 

Station 2 

Station 3 

mean 

S.D. 

" 

" 

Silicate 

Top 

1 2 

5 

6 

7.66 

3.09 

51 

46 

51 

49.33 

2.36 

49 

41 

40 

43.33 

4.03 

(ug/L) 

Bottom 

46 

51 
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Table 47. Temporal and spatial changes in silicate concentration 

in Terrigal Lagoon. 

15.3.91 

Station 

Station 2 

StatioQ. 3 

Station 4 

Station 5 

mean 

S.D. 

25.7.91 

Station 

Station 2 

Station 3 

Station 4 

Station 5 

mean 

S.D. 

26.9.91 

Station 

Station 3 

Station 5 

mean 

S.D. 

" 

. . 

Silicate 

Top 

160 

1 56 

138 

1 39 

80 

13.46 

28.70 

56 

59 

48 

49 

59 

54.20 

4.79 

66 

51 

59 

58.67 

6.13 

(ug/L) 

Bottom 

50 

27 
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3.2.10. Chlorophyll a 

Ecological significance 

One of the most important results of eutrophication is 

the production of a large crop of planktonic algae 

(phytoplankton) whiC'h in turn causes deterioration in 

water quality and reduction in aesthetic appeal. 

Phytoplankton bioma~s is often measured as Chlorophyll a 

as algal contain it as a major photosynthetic pigment. 

Level of Chlorophyll ~ would therefore be an indicator 

of the trophic status of a water body and high 

chlorophy11 a value would indicate potential for 

eutrophication problems. 

The trophic status of lakes can be classified based on 

Chlorophyll a concentration. One commonly quoted 

scheme is that of Sakamota, quoted by Vollenweider 

(1971): 

Trophic status ChlorO!.~hyll a concentration 

Oligotrophic 0.3 2.5 ug/L 

Mesotrophic 1 15 

Eutrophic 5 140 

It is also noted that the U.S. Environmental Protection 

Agency (1976) quoted the summer Chlorophyll a concentratio 

range of 0 ~4 ug/L for oligotrophic lakes. and 10-100 

ug/L for eutrophic lakes. 

In the absence of similar guidellnes for· estuaries, 

the above are adopted as a basis for discussion. 
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Assessment of lagoons 

(a) Wamberal Laqoon 

Despite the very high total phosphorus concentrations 

recorded, the chlorophyll ~ values which are a measure 

of phytoplankton standing~crop, were generally moderate 

and would place th·e lagoon in the mesotrophic category. 

This strongly supports the view that the low level of 

nitrogen present was a key factor limiting the growth of 

planktonic algae in the lagoon. 

The low concentr'ations of soluble ortho-phosphate present 

would also be another factor. It would suggest that the 

bulk of the particulate phopshorus was in tightly bound 

chemical forms, not easily available for biological 

utilisation. It is also well known that nutrient release 

especially soluble is limited in highly oxygenated 

systems and so the generally high dissolved oxygen level 

in the lagoon would be a factor limiting algal productivity 

by minimising nutrient recycling. 

Apart from the low levels of soluble nutrients, light 

would also be another limiting factor. The Secchi 

transparency values were so low and~the turbidity so 

high that much of the incoming solar energy would have 

been lost to the inert particles present. 

The overall assessment is that the chlorophyll ~ values 

present in Wamberal Lagoon were well within acceptable 

limits.for a recreational lake. However, signific~nt 

increases in nitrogen and also soluble phosphate and 

transparency would lead to corresponding increases in 

chlorophyll ~. 
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(b) Avoca Lagoon 

The chlorophyll values recorded for Avoca Lagoon were 

more variable than Wamberal Lagoon. There were marked 

temporal changes. On 15.3.91 the Chlorophyll a values 

were generally high, ranging from 7.6 - 28.2 ug/L 

These values would placM the lagoon in the eutrophic 

category. 

" 

After a period of rain, probably as a result of dilution 

and flushing the chlorophyll ~ values dropped sharply. 

The actual values recorded were 0.4 -0.9 ug/L. 

Again, although the total phospho~us values were high, 

the low nitrogen, soluble ortho-phopshate and low 

transparency values had combined to keep the chlorophyll a 

values down to less than could be expected. 

The overall assessment is that the chlorophyll a values 

in Avoca Lagoon were marginal and given the right 

combination of conditions major algal blooms could be 

expected. 

(c) Cockrone Lagoon 

The chlorophyll values for Cockrone lagoon were generally 

low to moderate and the values would place the lagoon in 

the mesotrophic category in Vollenweider's classification 

scheme. 

There were some spatial and temporal changes but because 

the actual values were quite low, the changes were not 

regarded as significant. 

As for the other lagoons, because the total phopshorus 

values were high, it is again suggested that low nitrogen, 

low soluble phosphate and low transparency values had 

combined to suppress phytoplankton productivity, resulting 

in low chlorophyll values. 
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The overall assessment of Cockrone Lagoon is that the 

chlorophyll a values were well within acceptable limits 

for a recreational lake, but that significant increases 

in nitrogen, soluble ortho-phosphate and transparency 

would lead to corresponding increases in chlorophyll 

values. 

Cd) Terrigal Lagoon 

As for Cockrone Lagoon. the chlorophyll values recorded 

for Terrigal Lagoon were all low to moderate for all 3 

samplings and the values would place Terrigal Lagoon in 

the mesotrophic·category in Vollenweider's classification. 

Again, depite the relatively high total phopshorus values, 

the chlorophyll values were generally much lower than 

would be expected, suggesting that low nitrogen, low 

soluble phosphorus and low transparencJ were the factors 

limiting phytoplankton productivity. 

The .overall assessment is that the chlorophyll ~ values 

in Terrigal Lagoon were generally within acceptable 

limits for recreational lakes, but that significant 

increases in nitrogen, soluble ortho-phosphate and 

transparency would lead to correspond increases in 

chlorophyll values. 

The chlorophyll a results have been summarised in Tables 

48 -51. 
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Table 48. Temporal and spatial changes in chlorophyll a 

in Wamberal Lagoon 

Chlorophyll a 

II ug/L 

15.3.9;-
" 

Station 1.9 

Station 2 1 .6 

Station 3 2.0 

Mean 1.83 

S.D. 0.17 

25.7.91 

Station 0.6 

Station 2 1.1 

Station 3 0.5 

Mean 0.73 

S.D. 0.29 

26.9.91 

Station 0.4 

Station 2 1.0 

Station 3 0.9 

Mean 0.77 

S.D. 0.26 
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Table 49. Temporal and spatial changes in chlorophyll a 

in Avoca Lagoon 

Chlorophyll a 
I 
I ug/L 

15.3.91 

Station 8.4 

Station 2 7.6 

Station 3 12.3 

Station 4 28;2:::. 

Mean 14.13 

S.D. 8.32 

25.7.91 

Station 1 0.4 

Station 2 0.4 

Station 3 0.5 

Station 4 0.9 

Mean 0.55 

S.D. 0.21 

26.9.91 

Station 2 0.2 

Station 3 0.3 

Station 4 0.2 

Mean 0.23 

S.D. 0.05 
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Table 50. Temporal and spatial changes in chlorophyll a 

in Cockrone Lagoon 

15.3.91 

Station 

Station 2 

Station 3 

25.7.91 

Station 

Station 2 

Station 3 

26.9.91 

Station 

Station 2 

Station 3 

II 

" 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Chlorophyll a 

ug/L 

1.4 

1 • 4 

1.8 

0.6 

1.27 

0.50 

0.4 

0.6 

0.5 

0.5 

0.08 

0.2 

0.1 

0.2 

0.17 

0.05 
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Table 51. Temporal and spatial changes in chlorophyll a 

in Terrigal Lagoon. 

Chlorophyll a 

ug/L 
I 

15.3.91 I 

Station .1 0.3 

Station 2 0.4 

Station 3 0.3 

Station 4 0.2 

Station 5 0.6 

Mean 0.36 

S.D. 0.14 

25.7.91 

Station 1 0.2 

Station 2 0.2 

Station 3 0.1 

Station 4 0.5 

Station 5 0.3 

Mean 0.36 

S.D. o . 1 4 

26.9.91 

Station 2 0.2 

Station 3 O. 1 

Station 5 O. 1 

Mean 0.15 

S.D. 0.05 
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SEDIMENT QUALITY 

The geological and chemical composition of the sediments 

of a sediment is the combined result of the nature of 

the 'bedrock' material and the deposition of material 

from the water column derived from the transport of 

material from the cat'chment runoffs and the deposition 

of material derived from within the lagoon, especially 

organic matter derived from planktonic organisms, 

macrophytes and benthic fauna. 

The sediment provides a historical record of the 

processes that occur in the lagoon and its catchment. 

While water quality tends to be transient, the sediment 

tends to integrate the effects of various processes over 

a much longer period of time. Examination of the 

sediments would thus give a more long term view of the 

general ecological well being of a lagoon system. 

Indeed, the sediment is ,not merely a depository of 

inert material but the top layer at least, must be 

considered to be biolgically active. The texture 

and composition of the sediment would determine the 

nature of the benthic organisms present and that 

accumulation of excessive levels of toxic material 

will preclude the colonisation or maintenance of 

a viable benthic flora and fauna. Furthermore, 

releases of biologically active material such as 

plant nutrients or trace metals could also have 

very significant effects on the biota and water 

quality of the water column. 

Thus, an examination of the lagoon sediments_would 

give a very useful insight into the ecology ~f the 

lagoons. 
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A very detailed study of the sediments of the lagoons 

was made in the 1970's (P.A. Management, 1975) and 

is thus referred to. The discussion below is based 

on the data collected in March 1991 and it provides 

a useful update of the changes that might have 

occurred since. 

3.3.1. General characteristics of sediments 
, , 

Ecological significance 

The general texture and characteristics of the 

sediments are the primary determinant of the 

nature of the biota that could inhabit the sediments. 

The information also provides an insight about 

the processes that might have occur within the 

lagoons. 

Assessment of lagoons 

(a) Wamberal Laaoon 

The upper northern section of the lagoon was 

typified by a very compact clay substratum, 

which probably represented the 'bedrock' 

material and which would not be condusive 

for the colonisation of benthic macrophytes. 

Towards the mouth of the lagoon at Stations 

2 and 3 where it was deeper, the sediment. 

became sandy mud. At the mouth of the lagoon, 

at Station 3A, the sediment was essentially 

marine sand, derived from marine activity. 

The sediment samples from the different 

stations gave either no or only a slight 

hint of hydrogen sulphide. This indicated 

good oxygenation and low organic content 

in the sediment samples. 
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Although only a small number of samples were collected 

in the 1991 study, the results did indicate some 

changes in the sediment types in Wamberal Lagoon. 

A comparison of the present data with the sediment 

maps from the 1975 study is given below: 

" 

station 1975 1991 .. 
muddy sand clay 

1A silty mud clay 

2 silty mud clay 

2A silty mud sandy mud 

3 silty mud sandy mud 

3A sand sand 

The changes, especially at Stations 1, 1A and 2 

could be explained by the absence of vegetation 

cover, resulting in resuspension of the sediment 

particles, which in turn caused increase in turbidity 

of the water column. This is discussed further in 

Section 3.4.2. 

(b) Avoca Lagoon 

The nature of the sediment in Avoca Lagoon varied 

considerably, ranging from sand to sandy mud. It 

is noted that sand dredging has been in operation 

in the lagoon for some years and this would have a 

very significant effect on the distribution of 

sediment particles. 

Again, a comparison with the 1975 study is given 

below: 
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station 1975 1991 

silty sand muddy sand 

2 sand muddy sand 

3 s"rnd sand 

4 sand muddy sand 

It w-ould appear from the above that there had --been a 

change to more muddy sediment over the last 16 

years. Th~se changes could well reflect the 

increase in urbanisation in the catchment over 

the years. 

(c) Cockrone Lagoon 

Apart from the area around the lagoon entance, 

the main lagoon basin had an essentially muddy 

sediment, which had very fine particles and had 

a strong smell of hyqrogen sulphide, indicative 

of high organic content. 

Comparison with the 1975 data shows: 

station 1975 1991 

1 sandy mud mud 

2 sandy mud mud 

2A sandy mud mud 

2B muddy sand mud 

3 sand sand 

As Cockrone Lagoon was relatively undisturbed back 

in 1975, it could be assumed that the muddy sediment 

now present had been derived from essentially natural 

sources. 
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However, because the sediment had a high organic 

content, it could cause aesthetic problem by producing 

a strong odour of hydrogen sulphide, especially in 

summer and when the lagoon level was low. 

(d) Terrigal Lagoon 

" 
The lagoon .was essentially sandy and there had been 

very little change"in the basic characteristics of 

the sediments. A comparison with the 1975 data is 

given below: 

station 

2 

3 

4 

5 

1975 

muddy 

sand 

sand 

sand 

sand 

1 991 

sand sand 

sand 

. sand 

sand 

sand 

The high frequency of lagoon openings, the small 

size of the lagoon and therefore wave actions were 

probably some of the factors accounting for the present 

nature of the sediment, despite heavy urbanisation 

in the catchment. 
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Table 52. General characteristics of sediment core samples. 

COCKRONE 

Station 1 

Station 2 

Station 2A 

Station 2B 

Station 3 

TERRI GAL 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

AVOCA 

Station 

Station 2 

Station 3 

Station 4 

WAMBERAL 

Station 1 

Sta tion lA 

Station 2 

Station 2A 

Station 3 

Station 3A 

Sediment types given as: 

M = Mud 

S = Sand 

Sediment 

M 

M 

M 

M 

S 

MS 

MS 

S 

S 

S 

S 

SM 

S 

MS 

C 

C 

C 

SM 

SM 

S 

SM = Sandy Mud 

C = Clay 

type I Colour 

black 

black 

black 

black 

srey 

grey 

yellow-brown 

yellow'-brown 

yellow-brown 

grey 

grey brown 

grey black 

brown 

grey 

dark grey 

dark grey 

grey 

dark grey 

grey 

grey 

MS = Muddy Sand 

H2S detectability 

strong 

strong 

strong 

strong 

undetectable 

undetectable 

undetectable 

undetectable 

undetectable 

slight 

slight 

strong 

undetectable 

slight 

slight 

slight 

slight 

s'i°igh t 

slight 

undetectable 
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Table 53. Variation in sediment types, moisture and dry matter 

contents of fresh sediments. Values given are in grams 

per ml sediment. 

Sediment Fresh weight Dry matter Water content 

types " content 

g/ml g/ml g/ml 

COCKRONE 

Station M 1.416 0.690 0.746 

Station 2 M 1.329 0.514 0.814 

Station 2A M .. 1 .371 0.612 0.759 

Station 2B M 1 .530 0.840 0.690 

Station 3 ,S 1 .818 1 .489 0.329 

TERRI GAL 

Station 1 MS 1.927 1 .584 0.343 

Station 2 MS 1.755 1 .338 0.417 

Station 3 S 1 .866 1 .524 0.342 

Station 4 S 1 .834 1 .500 0.334 

Station 5 S 2.01 0 1 .660 0.350 

AVOCA 

Station 1 S 1 .756 1.410' 0.346 

Station 2 SM 1 .61 4 1 .072 0.542 

Station 3 S 1 .735 1 .381 0.354 

Station 4 MS 1 .884 1 .426 0.458 

WAMBERAL 

Station C 1 .555 1 .028 0.527 

Station 1A C 1 .440 0.862 0.678 

Station 2 C 1 .453 0.877 0.576 

Station 2A SM 1 .645 1 .367 0.278 

Station 3 SM 1 .847 1 .41 7 0.430 

Station 3A S 1 .777 1 .51 8 0.259 
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3.3.2. Sediment organic carbon, phosphorus and nitrogen 

Ecological significance 

The organic carbon content of a sediment gives a good 

indication of the bio~ogical processes that occur within 

the water body. and the transport of material from the 

catchment. High plan~ nutrient concentrations are often 

associated with organic-rich sediment and the organic 

matter also play an important role in sediment recycling 

processes by influencing sediment pH, redox and level 

of microbial, activity. 

Like carbon, phosphorus and nitrogen are important 

plant nutrients and their ecological significance 

in respect to plant productivity has been discussed 

in details in Section 3.2.8. Soluble forms of phosphorus 

and nitrogen can be released from the sediment through 

various physico-chemical and microbial processes and 

such releases can be very important in the nutrient 

economy of a lagoon system. 

Assessment of lagoons 

The analytical results are given in tables 54-55. 

The mean values are given as follows: 

Carbon Phosphorus Nitrogen 

ugClg ug Pig ug Nlg 

Cockrone 42,400 126.3 797.8 

Terrigal 9,418 48.5 98.3 

Avoca 3,710 83.1 1 99.1 

Wamberal 2,016 93.9 77.8 
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Although a relatively small number of samples had been 

analysed, the results did clearly show that the sediments 

in the 4 lagoons all contained substantial concentrations 

of carbon, phosphorus and nitrogen. Given the right 

conditions, these nutrients might be mobilised for 

biological utilisation. 
II 

By comp~rison, the concentrations of carbon, phosphorus 
" and nitrogen were highest in the Cockrone Lagoon samples. 

The very high carbon and nitrogen levels in particular 

pointed to the biological origins of these nutrients. 

It would seem that the sediment in Cockrone Lagoon could 

play an i~portant role in the nutrient economy of the. 

lagoon through various nutrient recycling processes. 

As a general rule, high concentrations of organic 

carbon were associated with muddy sediments, as to be 

expected. There was also a trend for organic carbon 

and nitrogen and phosphorus to be positively associated. 

(a) Wamberal Lagoon 

The organic carbon concentrations in the sediment 

samples analysed were generally low to moderate, 

ranging from 1050 ug C/g to 2920 ug C/g dried 

sediment. This was in line with the physical 

characteristics of the sediment which was mainly 

clay and sand. This was also in agreement with 

the low phytoplankton and benthic macrophyte 

crops present in the lagoon. 

It is noted that in the 1986 survey (Eardley, 1986) 

the organic carbon content of the sediment was 

found to range from 8,000 - 27,000 ug clg, about 

10 times higher than the levels in 1991. The 

much higher levels in 1986 were no doubt due to 

the presence of much macrophytes, which had since 

disappeared from the lagoon (Section 3.4.2) 
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In the 1975 study on the lagoons (P.A. Management, 

1975), the only sediment nutrient data reported 

were phosphorus on .Wamberal Lagoon. The original 

results were given as P205 and these have been 

converted to the ug pig unit used in ths report. 

The results are cqmpared below: 

1975 

185.3 

163.5 

207.1 

54.5 

1 61 .3 

26.2 

32.7 

Mean 118.65 

S.D. 71 .86 

ug pig 

1991 

72.0 ug pig 

127.0 

177.3 

58.9 

107.8 

20.1 

93.85 

50.66 

The results for 1975 and 1991 are clearly very 

comparable and showed that little changes had 

occurred over the period 1975-1991. 

There was considerable variation in the phosphorus 

and nitrogen concentrations in the sediment. The 

clayey sediment tended to have high phosphorus but 

only moderate values of nitrogen. Clay particles 

are known to have strong adsorptive capacity for 

ortho-phosphate and ammonia. 

The more sandy sediment had much lower phosphorus 

and nitrogen, while the muddy sediment tended to 

have both high phosphorus and high nitrogen. 

{

The overall assessment for Wamberal Lagoon is 

.. th~t the lagoon sediment had undergone very large 

I changes since it was last surveyed in 1986. There 

was a marked reduction in organic carbon associated 

. -.:. 

. .--:;' 
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(b) Avoca Lagoon 

The results for carbon, phosphorus and nitrogen' 

showed large spatial variation but high values 

were generally associated with muddy sediment. 

" The very different sediment characteristics and 

nutrient' contents showed by different parts of 
" the lagoon could be explained by differences in 

landuse in the catchment. The other contributing 

factor would be the effect of sand dredging, 

resulting in both removal of and redistribution of 

sediment particles in the lagoon. 

(c) Cockrone Lagoon 

I /' The main basin of the lagoon had a uniformly muddy 
.----' 

sediment with very high carbon content. The values 

obtained were 26,700 - 63,000 ug C/g. This contrasted 

sharply wi th .. the very low value for the sandy area 

around the lagoon entrance which had a value of 

1600 ug C/g. 

Very high phosphorus and nitrogen values were also 

associated with the muddy sediment • 

The origin of this muddy sediment is not clear -----------=--
~ although it is obviously biological in origin. 

_ ....... ----_.-.- ---'P~'~ ." _. __ ._.,~ -.-

Rapid growth and subsequent death and decay 

benthic macrophytes would be a logical source, but 

very little benthic macrophyte growth was observed 

in the 1991 survey. Another source of organic 

carbon would be transport of organic detritus from 

the catchment. 

I: Regardless of the origin of the organic sediment, 

I~ the sediment would have the tendency to generate 

1\ unpleasant odours such as hydrogen sulphide, 

i\ especially during the warm summer months, causing 
\ 
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reduction in the aesthetic appeal of the lagoon. 

Furthermore, breakdown of organic material and 

recycling of the nutrients may also lead to rapid 

growth of algae, causing further aesthetic problems. 

An investigation t~ trace the origin of the organic 

material in the sediment is recommended. 

\ 

The overall assessment of Cockrone lagoon is that 

the sediment contained high concentrations of 

organic carbon, phosphorus and nitrogen and which 

would be,condusive· to the development of aquatic 

plants especially algae in the lagoon. Generation 

of obnoxious gases due to the decomposition of 

organic matter could also cause aesthetic problem. 

(d) Terrigal Lagoon 

There was considerable variation in the carbon, 

phosphorus and nitrogen contents in the sediment 

samples analysed, but again there was a tendency 

for high concentrations of the three nutrients to 

be positively correlated • 
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Table 54. Variation in sediment types and concentration of 

organic carbon in Gosford Lagoon sediments. 

Concentrations in mg/kg dry weight 

Lagoon Sediment Organic carbon 

" mg/kg 

COCKRONE " 
Station 1 M 63,000 

Station2 M 53,200 

Station 2A M 67,500 

Station 2B M 26,700 

Station 3 S 1 ,600 

TERRI GAL 

Station MS 3,390 

Station 2 MS 33,000 

Station 3 S 1,800 

Station 4 S 1 ,500 

Station 5 S 7,400 

AVOCA 

Station 1 S 3,240 

Station 2 SM 1 ,850 

Station 4 S 900 

Station 5 MS 8,850 

WAMBERAL 

Station 1 C 1 ,050 

Station lA C 2,920 

Station 2 C 2,250 

Station 2A SC 1 ,650 

Station 3 SM 1 ,120 

Station 3A S 1 ,090 • 
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Table 55. Variation in sediment types and concentrations of 

total phosphorus and total nitrogen in Gosford 

Lagoons~ Sediment types given as: 

Lagoon 

COCKRONE 

Station 1 
Station 2 

Station 2A 

Station 2B 

Station 3 

TERRI GAL 

Station 1 

Station 2 

Station 3 

Station 4 

Station 5 

AVOCA 

Station 

Station 2 

Station 4 

Station 5 

WAMBERAL 

Station 1 

Station 1A 

Station 2 

Station 2A 

Station 3 

Station 3A 

M = Mud 

S = Sand 

Sediment 

type 

M 

M 

M 

M 

S 

MS 

MS 

S 

S 

S 

S 

SM 

S 

MS 

C 

C 

C 

SC 

SM 

S 

SM = Sandy mud 

C = Clay 

. Total P Total . 
mg/kg mg/kg 

107.2 675.4 

185.0 1269.4 

229.1 1483.3 

97.3 546.4 

12.8 14.3 

25.5 56.5 

38.4 73.5 

29.6 40.3 

20.8 26.3 

128.3 295.0 

21 .5 29.1 

1 35.7 495.8 

1 34.1 179.7 

41 .0 91 .8 

72.0 58.6 

1 27.0 1 32.6 

177.3 1 95.4 

58.9 49.5 

1 07.8 31 9. 1 

20.1 23.0 

N 

MS = muddy 

sand 

N:P ratio 

6.300 

6.861 

6.474 

5.615 

1. 11 7 

2.216 

1 .91 4 

1 .360 

1 .264 

2.299 

1 .352 

3.654 

1 .340 

2.240 

0.816 

1 .044 

1 . 102 

0.840 

2.960 

1 . 1 41 

,~ 
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Trace metals in sediments 

Ecological significance 

Copper is an essential element for many organisms, 

but is one of the more toxic metals for aquatic 

organi sms. Copper /I and copper alloys a re.o· used 

extensively for corrosion resistant structures 

and fittings, in s'ome anti-fouling surface 

preparations and paints for boats. 

Zinc occurs widely un nature. It is an essential 

element for living organisms and may leach to 

waters from dead plants and animls. Zinc is used 

extensively as a protective coating of steel and other 

metals to prevent corrosion and as sacrificial anodes 

on boat structures. It is a component of brass and 

die-cast fittings. 

Lead is a cumulative toxic metals. It is regarded 

as potentially dangero~s even at low levels. The 

use of lead in an organic additive to petrol fuels 

results in its wide dissemi·nation around areas where 

petrol engines are used, especially motor vehicles. 

runoffs from streets in urban areas usually contain 

some lead. 

Cadmium is a cumulative toxic metal. Like lead, it 

is considered ecologically important at concentrations 

much lower than those causing acute toxicity. Pure 

cadmium is used rarely except in some special 

galvanising applicatiojns. Being chemically similar 

to zinc, and occurring with it, cadmium occurs widely 

as a contaminant of zinc and so has the same"source 

as zinc. Cadmium is used as a pigment base for some 

paints and in plasticing agents - it may leach from 

plastics and some painted surfaces on boats. • 
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Although there are water quality criteria for the metals 

there are no generally accepted criteria for sediments. 

For this reason, the concentrations of metals in the 

lagoon sediments are assessed by comparing then with 

published natural background levels for Sydney Harbour 

and Lake Macquarie. I 

According to· Irvin (1980), the natural background , 
levels for metals for copper, lead and zinc are as 

follows: 

Sydney Harbour Lake Macquarie 

(mean) (mean) 

ug/g ug/g 

copper 1 0 20 

lead 33 15 

zinc 47 70 

Assessment of laqoons . 

(a) Wamberal Lagoon 

The mean concentrations of metals detected were: 

copper 7.93 (S.D. 3.74) 

zinc 28.20 (S.D. 25.56) 

cadmium 3.0 (below detection) 

lead 30.0 (below detection) 

The data showed that copper and zinc were below 

levels for Sydney Harbour and Lake Macguarie. 

The concentrations of cadmium and lead were 

below the detection limits of 3 ug/g and 20 ug!g 

respectively. 
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The overall assessment for Wamberal Lagoon is 

that the metal levels in the sediment were similar 

to the the natural background levels for Sydney 

Harbour and Lake Macquarie and there was no evidence 

of excessive metal contamination. 

(b) Avoca Lagoon" 

The mean con~entrations of metals detected were: 

copper 4.32 ug/g (S.D. 2.21 ) 

zinc 11.18 ug/g (S.D. 12.19) 

cadmium 3.00 ug/g (below detection) 

lead 30.00 ug/g (below detection) 

The levels of copper and zinc were below the 

natural background levels for both Sydney Harbour 

and Lake Macquarie. The concentrations of lead 

and cadmium were below detection and would again 

be comparable or below the levels for Sydney 

Harbour and Lake MacQurie. 

The overall assessment is that the metal levels 

in the sediment of Avoca Lagoon were similar to 

or blow Sydney Harbour and Lake Macquarie ana so 

there was no evidence of excessive metal 

contamination. 

(c) Cockrone Lagoon 

The metal concentrations detected were: 

copper 

zinc 

cadmium 

lead 

9.44 ug/g (S.D. 4.34) 

43.78 ug/g (S.D. 2~.56) 

3.00 ug!g (below detection) 

30.00 ug!g (below detection) 

r· 
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The concentrations of copper and zinc were 

higher than the other lagoons but were still 

similar to or below Sydney Harbour and Lake 

Macquarie. The levels of cadmium and lead 

were again below detection. 

I 

The overall asse~sment for Cockrone lagoon is 

that the metal concentrations in the sediment , 
were similar or 'below Sydney Harbour and Lake 

Macquarie and that there was no evidence of 

excessive contamination. 

(d) Terrigal Lagoon 

The mean concentrations of metals detected were: 

copper 

zinc 

cadmium 

lead 

4.84 ug/g (S.D. 2.71) 

9.58 ug/g (S.D. 7.66) 

3.00 ug/g (below detection) 

30.00 ug/g (below detection) 

The levels of copper and zinc detected were quite 

low and were well below the levels for both 

Sydney Harbour and Lake Macquarie. The levels of 

lead and cadmium were also very low. 

The overall assessment for Terrigal Lagoon is 

that the metal concentrations in the sediment 

were similar to or below the levels for Sydney 

Harbour and Lake Macquarie and that there was 

no evidence of excessive contamination. 
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Table 56 • Variation in sediment types and concentration of 

trace metals in Gosford lagoons sediments. 

Concentration given in mg/kg dry weight 

Lagoon Sediment Copper Zinc Cadmium Lead 

/I mg/kg mg/kg mg/kg mg/kg 
COCKRONE 

Station 1 I-! ·9.9 44.1 <" 3.0 <. 30.0 

Station 2 H 13.2 65.0 .( 3.0 ..( 30.0 

Station 2A M 14.8 75.4 <:3.0 < 30.0 

Station 2B M 6.3 31 .4 <" 3.0 <: 30.0 

Station 3 S 3.0 3.0 <"3.0 -< 30. 0 

TERRI GAL 

Station 1 MS 3.0 8.0 ..:: 3.0 <30.0 

Station 2 MS 5.0 . 7.2 L. 3.0 <: 30.0 

Station 3 S 3.0 5.2 < 3.0 <:·30.0 

Station 4 S 3.0 3.0 <.' 3.0 <. 30.0 

Station 5 S 1 0.0 24.5 .( 3.0 <.30.0 

AVOCA 

Station 1 S 3.0 3.0 ..:: 3.0 ..(30.0 

Station 2 SM 5.4 32.2 <'3.0 < 30.0 

Station 4 S 3.0 5.9 <. 3.0 <30.0 

Station 5 MS 3.0 13.6 ..:: 3.0 <: 30.0 

WAMBERAL 

Station C 9.2 1 9.6 ..( 3.0 <: 30. 0 

Station 1A C 11.9 37.7 .( 3.0 < 30.0 

Station 2 C 10.6 55.1 < 3.0 < 30.0 

Station 2A SC 7.0 9.3 .( 3.0 .« 30.0 

Station 3 SM 10.3 23.8 < 3.0 ..:: 30.0 

Station 3A S 8.6 23.7 .(~:? 0 < 30. 0 
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3.3.4."Oil and petroleum products in sediments 

Ecological significance 

Hydrocarbon pollution is both chronically and acutely 

toxic to aquatic life and can have devastating effects 

when spilled in lar~e amounts. At low concentrations 

however, the ecological effects depend on the nature 

of hydrocarbon present. 

It is usual to divide hydrocarbon substances into 

two fractions; the light, volative substances (fueis 

and solve~ts) most easily detected as (temporary) 

surface films and the heavier lubricants which may 

be extracted into a suitable solvent. 

The hydrocarbons considered here are the numerous 

petroleum derivatives used for lubricants and for 

energy production in internal combution engines. 

The hydrocarbons can enter the aquatic system either 

as a result of spills or as discharges directly from 

watercrafts or indirectly via urban runoffs from 

road surfaces or industrial discharges. 

As a guide, the u.s. Environmental Protection Agency 

(1976) recommneds that the concentration of hexane 

extractable substances (excluding elemental sulphur) 

in sir dried sediments should not exceed 1000 mg/kg 

on a dry weight basis. 

Assessment of lagoons 

The result for all 4 lagoons were all below the 

1000 mg/kg limit recommended by the U.S. Environmental 

Protection agency. However, the actual values 

varied considerably, ranging from 13 - 348mg/kg. 
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Within each lagoon, the highest hydrocarbon values 

were generally associated with muddy sediments. This 

could be partly related to particle size and density 

of the sediment particles. 

Overall, it may Q~ concluded that the hydrocarbon 

concentrations in the lagoon sediments were all 

within acceptabl~ limit and the lagoons did not 

show evidence of excessive hydrocarbon contamination. 
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Table 57. Variation in sediment types and concentration of 
,s 

extractable hydrocarbon in Goasford lagoon 

sediments. Concentrations given in mg/kg dry wt. 

Lagoon sediment hydrocarbon , , 
mg/kg 

Station 1 M 58 

Station 2 M 182 

Station 2A M 96 

Station 2B M 257 

Station 3 S 15 

TERRIGAL 

Station 1 MS 166 

Station 2 MS 89 

Station 3 S 25 

Station 4 S 18 

Station 5 S 16 

AVOCA 

Station S 40 

Station 2 MS 193 

Station 3 S 62 

Station 4 MS 348 

WAMBERAL 

Station C 1 5 

Station 1A C 42 

Station 2 C 57 

Station 2A SC 76 . 

Station 3 SM 1 1 4 

Station 3A S 13 
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3.4. BIOLOGICAL PARAMETERS 

3.4.1. Phytoplankton 

Phytoplankton are the free floating microscopic algae 

inhabiting the water column of a water body. They are 

food source for benthic filter feeders such as mussels 
" and oysters and are an important food source for the 

zooplankron.·· Apart from this, they oxygenate the water 

through their photosynthetic activities, along with 

the seagrasses and amcroalgae. They are thus a 

necessary component of a healthy lagoon system. 

Again, excessive levels of plant nutrients in the water 

can lead to massive growth of phytoplankton. leading 

to so called blooms. Certain species of phytoplankton 

such as certain blue green algae and dinoflagellates 

are toxic and can cause fish kills and food poisoning 

for humans. 

Assessment of lagoons 

The algal cell counts for the 4 lagoons were generally 

related to chlorophyll a levels (Section 3.2.10), as 

to be expected as chlorophyll a is an overall measure 

of algal standing crop. However, the relationship 

between cell counts and chlorophyll a is not strictly 

linerar because algal cells vary in size and chlorophyll 

contents. 

One striking feature of the phytoplankton 

populations in the 4 lagoons was the low number of 

diatoms present as a proportion of total cell count. 

This was probably related to the low levels of silica 

present, as has been discussed earlier (S~ctiQP 3~2.9) 

and this might have the effect of encouraging the 

growth of other algae, as a result of reduced competitive 

pressure from the diatoms. 

• 
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(a) Wamberal Lagoon 

The total number of species present were small, 

the maximum number of species identified in any 

1 ml sample examined was 6. The motile flagellates 

including the dinoflagellates and Crytomonas dominated 
. I . 

the plankton and this could be realted to the high 

turbidity of the water. Being motile, they had the . 
advantage of being able to move towards the light 

source and therefore more efficient in capturing 

light energy in a turbid environment. 

The tota',l cell counts were moderate to low. 

The highest counts were recorded on 15.3.91 with 

a mean value of 224,000 cells/L. The cell counts 

decreased to 39,000 and 31,000 cells/L for 25.7.91 

and 26.9.91, probably as a result of dilution and 

flushing following a period of heavy rainfall. 

Although some blue green algae were present, the 

cell counts were low and would not have consituted 

a problem. The species of dinoflagellates present 

were not normally toxic also. 

The overall assessment is that both the species 

composition and the cell counts of the phytoplankton 

present in Wamberal Lagoon were acceptable for 

a recreational lake. 

(b) Avoca Lagoon 

The total number of species present was again small. 

The maximum number of species identified in. any 1 ml 

sampl examined was only 5. The dominant algae were 

dinoflagellates. 

There were very marked temporal variations in 

cell counts. On 15.3.91, the mean cell count 

was 3,756,000 cells/ml, but fell to 80,000 cells/ml 
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on 25.7.91 and 18,000 cells/ml on 26.9.91 respectively, 

after heavy rainfalls in July. 

There was also significant spatial variation in 

cell counts, especially under dry weather. This 

suggests that the lagoon was not well mixed at the 

time. " 

No blue green algae had been observed and the 

dinoflagellates present were not normally toxic. 

The overall assessment is that the cell counts of 

planktonic algae in Avoca Lagoon were excessive at 

times and could constitute a problem under certain 

combination of environmental conditions. 

(c) Cockrone Lagoon 

The total species number identified in any 1 ml 

sample examined was quite variable, but the maximum 

was only 8. The motile flagellates were the dominant 

algae present. 

There was considerable temporal variation in cell 

counts with the maximum counts recorded on 15.3.91 

which showed a mean value of 190,000 cells/L. 

Again, the cell counts decreased after a period of 

heavy falls and the counts were 42,000 cells/L and 

7,000 cells/L for 15.7.91 and 20.9.91 respectively. 

Some blue green algae were observed on 15.3.91 from 

Station 2, but the counts were very low. The 

dinoflagellates present were not normally toxic. 

The overall assessment is that the cell counts and 

species composition of phytoplankton in Cockrone 

Lagoon were quite acceptable for a recreational lake. 
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(d) Terrigal Lagoon 

The total number of species identified in any 1 ml 

sample examined varied from 4 - 7 and the motile 

flagellates, including dinoflagellates and Cryptomonas 

were again the do~inant algae. 
I 

The total cell counts were generally moderate, with , 

mean values varied 'from 10,000 cells/L to 65,000 

cells/L. 

No blue green algae had been observed and the 

dinoflagellates present were normally non-toxic. 

The overall assessment for Terrigal Lagoon is that 

both the cell counts and species composition of the 

planktonic algae present were acceptable for a 

recreational lake. 

The algal cell counts have been summarised in Tables 

58 - 61. 
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Table 58. Temporal and spatial changes in phytoplankton 

cell counts in Wamberal Lagoon. 

x1000 cells/L 

15.3.91 Station 1 Station 2 Station 3 

DINOPHYCEAE " 
(dinoflagellates) 

Ceratium .- 44 64 68 

Gymnodinium 57 32 92 

Peredinium 46 17 76 

BACILLARIOPHYCEAE 

(diatoms) 

Gymnodinium 8 2 

CYAMNOPHYTA 

(blue green algae) 

Anabaena 6(80) l( 10) 8(75) 

234 124 313 (224) 
25.7.91 mean 

DINOPHYCEAE 

Ceratium O' 0 

Gymnodinium 0 2 4 

Peredinium 8 54 10 

CRYSOPHYTA 

Cryptomonas 6 26 8 
BACILLARIOPHYTA 

Gyrosigma 0 0 1 

14 83 21 ( 39) 
26.9.91 mean 

DINOPHYCEAE 

Ceratium 5 7 

Gymnodinium 0 0 4 

Peredinium 3 9 8 

BACILLARIOPHYTA 

Cyclotella 3 6 12 

Navicula 6 

Synedra 3 9 16 

11 30 53 (31 ) 

mean 

.' 
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Table 59. Temporal and spatial changes in phytoplankton 

cell counts in Avoca Lagoon. 

x1000 cells/L 

15.3.91 Stat. Stat. 2 Stat. 4 stat. 5 

DINOPHYCEAE 

(Dinoflagellates) 

Ceratium 42 63 187 146 

Gymnodinium 1560 1226 2963 8850 

Peredinium 1 4 16 36 45 

BACILLARIOPHYCEAE 

(diatoms) 1 4 2 8 

1617 1306 3188 8917 (3756) 
mean 

25.7.91 

DINOPHYCEAE 

Gymnodinium 4 6 1 2 1 6 

Peredinium 3 2 6 3 

BACILLARIPHYCEAE 

Surirella 2 0 6 

CRYSOPHYTA 

crytomonas 3 6 24 146 

11 16 42 171 (80) 
mean 

26.9.91 

DINOPHYCEAE 

Gymnodinium 4 

Peredinium 6 4 2 

BACILLARIOPHYCEAE 

Cyclotella 9 4 2 

Navicula- 8 4 6 

Surirella 0 0 4 

24 16 1 5 ( 1 8 ) 
mean 
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Table 60 Temporal and spatial changes in phytoplankton 

cell counts in Cockrone Lagoon. 

x 1000 cells/L 

15.3.91 Station Station 2 Station 
II 

DINOPHYCEAE 

(dinoflagellates) " 
Ceratium 125 46 42 

Gymnodinium 2 

Peredinium 8 16 1 5 

BACILLARIOPHYTA " 

(diatoms) 

Cyclotella 3 

Surirella 4 

CYANOPHYTA 

(blue green algae) 

Anabaena 3(35) 

Oscillatoria 1 (20) 

CRYSOPHYTA 

Cryptomonas 83 170 

218 291 60 
15.7.91 

DINOPHYCEAE 

Peredinium 23 24 12 

CHRYSOPHYTA 

Cryptomonas 1 4 36 16 

37 60 28 
20.9.91 

DINOPHYCEAE 

Peredinium 3 4 

CHRYSOPHYCEAE 

Cryptomonas 4 6 3 

7 7 7 

3 

(1 90) 
mean 

(42) 

mean 

(7) 
mean 
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Table 61. Temporal and spatial changes in phytoplankton 

I cell counts in Terrigal Lagoon. 

x1000 cells/ml 

15.3.91 st. 1 St. 2. St. 3 st. 4 st. 5 

" 
DINOPHYCEAE 

(Dinoflagellates) " 
Ceratium 2 6 0 0 

Gymnodinium 1 3 4 3 

Peredinium 6 8 16 12 32 

BACILLARIOPHYTA 

(diatoms) 

Coconeis 0 0 1 2 4 

Cyclotella 1 5 8 6 1 2 

Navicula 2 1 4 6. 7 

CRYSOPHYTA 

Cryptomonas 26 40 32 17 56 

38 61 65 47 11 4 (65). 
25.7.91 mean 

DINOPHYCEAE 

Gymnodinium 0 0 0 1 3 

Peredinium 16 7 8 9 8 

BACILLARIOPHYCEAE 

Navicula 0 4 1 1 0 

CRYSOPHYTA 

Cryptomonas 12 10 24 32 ·9 

28 21 33 43 20 (29) 
26.9.91 mean 

DINOPHYCEAE 

Gymnodinium 0 0 

Peredinium 5 7 4 

BACILLARIOPHYCEAE 

Navicula 0 

CRYSOPHYTA 

Cryptomonas 6 4 

12 9 9 ( 1 0 ) 



3.4.2. 

138 

Seagrasses and macroalgae 

Seagrasses are an important component of a coastal 

lake ecosystem and they play a number of important 

ecological roles. 
" 

seagrass'~oots and rhizomes stabilize, and consolidate 
" the sediments and help to maintain estuarine water 

quality. Seagrasses are also an important link in 

the food chain. The leaves, 'litter and epiphytes 

are an important source of food for a variety of 

marine' 'species, especially the juveniles of fish, 

prawns, crabs and other filter feeders. In 

association with mangroves, seagrass meadows also 

provide shelters and acting as nurseries for the 

juveniles of many of the marine species mentioned 

above. Because of their ecological roles 

destruction of seagrass meadows, as a result of 

clearing. disease, pollution or other causes could 

have most significant adverse effects on the 

ecological stability and biological productivity 

of the estuarine environment. 

Like seagrasses, macroalgae and the associated epiphytes 

are a food source for aquatic fauna and provide shelter 

for some. They are thus an integral part of the Lagoon 

ecosystem. 

However, excessive growth of algae, resulting from 

excessive input of plant nutrients can cause problems 

which interfere with recreational usages of the water 

body and reducing its aesthetic qualities., The Tuggerah 

Lakes system in Central Coast is a case in'point where 

very serious problems have arisen as a result of massive 

growth of the green filamentous algae Chaetomorpha and 

Enteromorpha.(Cheng,1979, 1980, 1984). 
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Assessment of lagoons 

A survey of the seagrass and macroalgae communities in 

the lagoons were conducted in March 1991, around the end 

of the main growth season and when the standing crops 

were expected to be in their maximum. For checking,further 
I 

observations were also m~de in July and September 1991. 

It was found in the March survey that there was very 

little seagrasses or macroalgae present in any of the 

4 lagoons studied. Subsequent inspection carried out 

in July and September showed that the situation had 

remained essentially the same. 

The finding was somewhat alarming as most other lagoons 

on the New South Wales Coastline e;'g.: Lake Macquarie, 

Tuggerah Lakes, Urunga Lagoon, generally have quite 

extensive cover of seagrasses and macroalgae, at least 

in the shallower parts of the lagoons. As Wamberal, 

Avoca, Cockrone and Terrigal Lagoons are all very shallow 

most areas of the lagoon basins should be capable of 

supporting extensive seagrass and macroalgae communities. 

Because of the absence of significant benthic macrophytes, 

these lagoons were not expected to be rich in aquatic 

fauna, both in terms of species composition and abundance. 

As seagrasses and other macrophytes are generally believed 

to be necessary for the maintenance of a vigorous self

sustaining indigenous faunal community, most of the 

pelagic species present, such as fish would probably be 

migratory and have originated:from the sea. 

(a) Wamberal Laqoon 

There was virtually no benthic macrophytes present 

when the lagoon was surveyed in March 1991. This 

was most disturbing as the lagoon was carpeted by 

luxuriant growth of macrophytes when it was previously 

studied by the University of Technology in 1986 

(Eardley, 1986). At the time, the lagoon had a dense 
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cover of the seagrass Ruppia spiral is and in 

association with dense populations of the green 

algae Enteromorpha intestinal is and Lamprothamium 

papulosum. 

Reasons for the almost complete disappearance of " . 
seagrasses and macroalgae are not known for 

certain as there is no data for the intervening 
.' 

years between 1987-1990. However, given the 

very high salinity recorded for 15.3.91 there 

was a strong possibility that the hypersaline 

condition prevalent at the time could well be 

an 'important contributing factor for the 

demise of the macrophytes. 

In Macch 1991, the only macrophytes observed 

were some small patches of Zostera fringing 

the lagoon shores near the lagoon entrance. 

The total seagrass cover was estimated to be 

less than 1% of the area of the lagoon basin. 

In subsequent inspections carried out in July 

and September 1991 the picture was substantially 

the same although there was some tentative signs 

that the macrophytes might be recolonising the 

lagoon, mainly the fact that small patches of 

Ruppia had appeared in the main body of the lagoon 

in September. 

The disappearance of the benthic macrophytes 

would have many adverse effects on the ecology 

of Wamberal. One very obvious consequence would 

be the increase in the turbidity and suspended 

solids load in the water. Without the plant 

cover, the sediments would be easily disturbed 

by wind action leading to re-suspension of 

sediment particles. Apart from reducing the 

aesthetic appeal of the lagoon, the high turbidity 

of the water would also inhibit the recolonisation 

process by the macrophytes. 

, , 
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As aquatic macrophytes are a source of food 

and shelter for aquatic fauna, the other obvious 

adverse effect of the demise of the macrophytes 

would be the loss of the lagoon's capacity to 

sustain a vigorous and diverse community of 

aquatic anima1~. 

The overall as~essment of Wamberal Lagoon is 

that it was very poor floristically,. ,resulting 

in high turbidity and loss of capacity to 

maintain a self-sustaining diverse indigenous 

faunal community. 

(b) Avoca Lagoon 

Very little seagrasses and macrophytes were 

observed in March, July and September 1991 • 

The only seagrasses found were small patches 

of Zostera located close to shore, near the 

mouth of the lagoon, with a total cover of 

less than 1% of the area of the lagoon basin. 

A moderate amount of green algae, consisting 

mainly of Lamorothamium papulosum and Chatomorpha 

linum was found in Avoca Lake, the southern 

arm of the lagoon system. The distribution 

was however very patchy. 

There is very little previous ·information on 

the aquatic flora of Avoca Lagoon. However, 

in a 1984 report (Gosford Council, 1984) it 

was stated that Ruppia and Enteromorpha spread 

widely around the lagoon. As the salinity 

values recorded on 15.3.91 were very h1:gh, it 

~ was again possible that hypersaline condition 

could also be a factor causing the disapperance 

of these plants from the Lagoon. 
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The overall assessment for Avoca Lagoon is 

that it was very depauperate in benthic 

macrophytes with the accompanying adverse 

consequence of high turbidity and poor faunal 

community. 
, , 

(c) Cockrone Lagoon 

'. 
When the lagoon was surveyed in March 1991 

very little seagrasses were observed. Again, 

small patches of Zostera were found in the 

shallow waters fringing the shoreline, mainly 
" 

near the lagoon entrance. Very small amount 

of Ruppia was also found in the upper reaches 

of the lagoon but the distribution was very 

patchy. Overall, the total seagrass cover was 

estimated to be about 2% of area of lagoon 

basin. 

Also found in the main water body of the decaying 

reamins of Lamprothamium lying over the soft 

black organic-rich sediments. Indeed, the 

decomposing plants could well have contributed 

to the organic content of the sediments. 

The overall assessment of Cockrone Lagoon was 

that it was poor floristically, with the 

accompanying consequence of high turbidity and 

poor faunal community. 

(d) Terrigal Lagoon 

The main area where Seagrasses occurred in 

significant amount was along the eastern fringe 

of the lagoon, on the ocean side. The distribution 

was patchy and the total cover was estimated to 

be less than 2% of area of lagoon basin. 

• 
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Apart from occasional patches of green algae 

very little macrophytes were observed. 

Again, the overall assessment of Terrigal Lagoon 

is that it was depuperate in benthic macrophytes 

with the accom~anying adverse effects of high 

turbidity and poor faunal community. 

When viewed as a whole, the extremely low Idiversity 

and abundance '.df· benthic macrophytes in the 4 lagoons 

in Gosford ,is a matter of concern. In a typical healthy 

lagoon system in New South Wales, one expects to find 

substantial amounts of seagrasses represented by species 

of Zostera, Ruppia and Halophi la •. Macrophytes such as 

the green algae·Lamprothamium, Ulva,Enteromorpha, 

the red algae Gracellaria, the brown algae Colpomenia 

and Sargassum and others should also be well represented. 

Instead, in the Gosford Lagoons, only Zostera was 

found in any significant amounts. 

It has been suggested earlier that salinity and hence 

rainfall pattern would be important controlling factors. 

It should also be clear that the frequency and timing 

of the lagoon openings would also be important. Thus, 

prolonged isolation of the lagoon would lead to 

hypersaline condition, while excessive drop in lagoon 

level due to opening could lead to exposure of the 

submerged macrophytes leading to dehydration and 

death of macrophytes. Control of lagoon opening 

is thus an important management tool for the lagoons 

and should be used judiciously to achieve the most 

environmentally harmonious results. 
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4. SUMMARY OF FINDINGS 

Wamberal, Avoca, Cockrone and Terrigal Lagoons all 

share similar physical characteristics and basically 

similar ecology. They are very shallow, with mean 

depths less than 1m, and are connected to the sea 

via narrow openin~s which are often blocked by sand 

bars. 

Because of their physical characteristics, the lagoons 

are naturally very sensitive to pollution and other 

disturbance, as they have limited dilution capacity 

and limited ability to dissipate pollutants to the 

sea via"tidal flushing. 

The lagoons were opened artificially from time to 

time as required to avoid floodings and for other 

reasons and the frequency of such openings had great 

significance on the ecology of the lagoons. 

Because of the shallowness of the lagoons and therefore 

small volumes heavy rainfalls and associated catchment 

runoffs could have a very significant effect on the 

water quality of the lagoons. 

Similarly, a long period of drought could also cause 

excessive evaporative concentration of dissolved salts 

leading to superhaline conditions. Superhaline 

conditions, with salinity reaching as high as 44 ppt 

had been observed in Wamberal Lagoon and Avoca Lagoon 

during the March sampling in 1991. 

Due to wind induced mixing, the lagoons did not show 

any significant spatial temperature gradie~ts. Again, 

because of wind action, the lagoons were well oxygenated 

with dissolved oxygen levels close to saturation and 

which were very adequate for the maintenance of fish 

and other aquatic life. 

~ . 

) 
l. 
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As a result of wind induced wave action in shallow 

waters" the lagoon waters were turbid with high 

suspended solids and low transparency values. The 

sediment surfaces were easily disturbed as all 4 

lagoons had very little seagrasses or other benthic 

plants. 

" 

When sampled,. under dry weather condition the 

concentrations of t~tal phosphorus were elevated, 

especially for Wamberal, Avoca and Cockrone, reaching 

values of over 100 ug P/L. The high values could be 

attributed to the resuspension of nutrient rich 

sediment P?rtlcles by wave action. Following a 

period of wet weather, there were marked reductions 

in the total phosphorus levels, presumably due partly 

to dilution and partly to increased water depth which 

reduced the effect of wave action. 

The bulk of the total phosphorus in the water was in 

particulate forms as the concentrations of soluble 

ortho-phosphate were generally below 10 ug P/L. The 

particulate phosphorus'was not readily available 

for biological utilisation except through microbial 

activities or other release mechanisms. 

The concentrations of inorganic nitrogen, including 

nitrate, nitrite and ammonia were low in all 4 lagoons 

and would be regarded as a key limiting nutrient for 

plant growth. 

The concentrations of silica were low in all 4 lagoons 

and this could be a major factor for the low proportion 

of diatoms in the phytoplankton populations in these 

lagoons. 

The pH values were within the normal range for sea 

water and wer8 considered normal. 
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Chlorophyll ~ is a measure of phytoplankton standing 

crop. The recorded values for Wamberal, Terrigal 

and Cockrone Lagoons were low and would place the 

lagoons in the mesotrophic category of lake productivity. 

The chlorophyll ~ values for Avoca Lagoon were 

more variable, with some high values recorded under 
- II 

dry weather condition. 

The much lower tha'~ expected chlorophyll ~ values 

would have been the result of a combination of high 
, 

water turbidity, low nitrogen and low- soluble 

phosphate values. 

The general sediment characteristics varied from 

lagoon to lago6n, but the most striking and least 

expected finding was the occurrance of a layer of 

soft anaerobic organic mud over the main basin of 

Cockrone Lagoon. The precise origin of this layer 

of mud is not yet known but it would result in the 

production of unpleasant smelling gases such as 

hydrogen sulphide, especially during the summer 

months, causing aesthetic problem. 

The sediments of the lagoons contained varying 

concentrations of organic carbon, phosphorus and 

nitrogen, but the highest concentrations of these 

nutrients tended to be associated with muddy 

sediments. Thus, the muddy sediment in Cockrone 

Lagoon contained the highest concentrations 

of carbon and also phosphorus and nitrogen. The 

sediments were thus important reservoirs of plant 

nutrients and under certain combinations of conditions, 

soluble nutrients might be released causing algal 

blooms in the water column. 

While the muddy sediment in Cockrone Lagoon was 

a potential source of nutrients for plant growth on 

the one hand, the anoxic nature of the carbon rich 

, 
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sediment could well be preventing the recolonisation 

of the main basin by seagrasses and other macrophytes. 

The concentrations of trace metals analysed, including 

lead, zinc, cadmium and copper, were generally low. 

The levels were generally similar to or below the , 
natural back<Jround levels for Sydney Harbour and 

Lake Macquarie. 

The concentrations of oil in the sediments were 

moderate and were not regarded as excessive. The 

higher con,centra tions were again associated with 

muddy sediments. 

The algal cell counts generally reflected the trend 

for chlorophyll ~, as to be expected. The counts 

were generally low to moderate for Wamberal, Avoca 

and Cockrone. The counts recorded for Avoca Lagoon 

under dry weather were high but not sufficiently high 

to be troublesome. 

The dominant algae in all the lagoons were dinoflagellates 

and other motile flagellates and could be the result 

of the high turbidity of the water. These motile cells 

were probably phototrophic and could position themselves 

on the upper layers of the water column where light 

was more available. 

There was very little seagrasses and macroalgae in 

any of the 4 lagoons. The major macrophyte species 

present was Zostera but it occurred mainly in small 

patches around the lagoon mouths and the total cover 

would be around 1% of the lagoon basins or less. 

The lack of SUbstantial cover of seagrasses and 

macroalgae in the lagoons had many adverse ecological 

implications. This included the lack of habitats 
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5. MANAGEMENT 

Because of their shallowness, Wamberal, Avoca, Cockrone 

and Terrigal Lagoons have limited potential for active 

water sports, largely for safety reasons. However, these 

lagoons are in beautiful settings and would have great , 
value for passive recreation and enjoyment, and as a 

wildlife sanctuaLY, especially for birds . . . 
The existing water quality in the lagoons is considered 

reasonable overall, depsite the very extensive urbanisation 

in the catchment areas. There are, however, a number of 

issues which n~ed to be addressed to ensure the long term 

'viability of these lagoons. 

(a) Aquatic plants 

Seagrasses and other macrophytes are an important 

natural component of a lagoon system and have important 

ecological roles. They oxygenate the water, stabilize 

the sediment and provide shelters and food for fish 

and other aquatic wildlife, especially the juveniles. 

The absence of a sizable community of seagrasses and 

macroalgae is thus a matter of concern. Indeed, the 

almost complete disappearance of a luxurious cover of 

macrophytes from Wamberal Lagoon since it was last 

surveyed in 1986, is alarming. 

This study has identified the development of superhaline 

condition in Wamberal Lagoon as a possible causal factor 

of seagrass die-off, it is suggested that the lagoon 

opening procedures be reviewed to prevent. the develop

ment of superhaline condition. It is also iIDportant 

that in opening the lagoon mouth that the water level 

does not drop excessively, exposing the macrophytes 

to the danger of dehydration. Given the right salinity 

regime, there is a good possibility that macrophytes 

may recolonise the lagoon naturally. 
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It is accepted that because of their shallowness, 

these lagoons would naturally experience very large 

fluctuation in salinity, water depths and other aspects 

of their ecology. By implication, large changes in 

the aquatic plant communities could also be part of 

the natural cycles in the life of these lagoons, even 

" without human interference. However, if it is deemed 

desirable -to maintain -a- balanced--plant community in 

these lagoons, then such management actions will be 

necessary. 

(bl Turbidity and transparency 

The high turbidity and hence low transparency of 

the lagoons are affecting the aesthetic quality of 

these lagoons and making it unsafe for a number of 

water sports. 

It is expected that if the seagrasses were to recolonise 

the lagoon basins, the turbidity of the water will 

drop and the water clarity improves. In the mean time, 

because of the general 'shallowness of the lagoons, 

swimming and bathing and similar activities should be 

restricted to the areas near the mouths of the lagoons 

where the water depth and water clarity are higher. 

(cl Plant nutrients 

The total phosphorus concentrations in the lagoons 

were high. Although the bulk of the total phosphorus 

analysed was in particulate form, given the right 

combination of conditions soluble forms of phosphorus 

could be released, leading to algal blooms. Every 

effort must be made to control the entry' of .phosphorus 

and nitrogen into the lagoons to minimise the risk of 

eutrophication in the future. The Tuggerah Lakes 

is an example of rapid eutrophication which eventually 

!\ 

resulted in the development of massive algal growth, now J 
requiring millions of dollars for the problem to be 

addressed. 
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(d) Anaerobic mud in Cockrone Laqoon 

The presence of a thick layer of anaerobic mud in 

the main basin of Cockrone Lagoon is somewhat puzzling. 

The high organic content of the mud generates foul 

odours and soft anoxic mud is not condusive for the 

recolonisation of b~thic macrophytes. The mud is 
, I 

also rich in phopshorus and nitrogen and there is 

a possibility that ,soluble nutrients may be released 
, 

under certain combination of conditions, leading to 

algal blooms. The origin of this sediment should be 

investigated further so that management options can 

be formulated. 

(e) Monitoring 

Prior to this study, the only other study which 

examined the ecology of the lagoons was the 1974 

study by P.A. Management. Due to lack of monitoring 

work in the intervening years, a great deal of 

important information, necessary for formulating 

a long term management plan had not been collectea. 

Indeed, the evidence so far available shows that 

these lagoon systems are highly dynamic in their 

ecology. For example, there were very large changes 

in salinity, turbidity, nutrient levels and other 

water quality parameters after heavy rain. The almost 

complete disappearance of a very luxuriant community 

of seagrasses and macropalgae from Wamberal Lagoon 

was another example. The 1991 study provided a 

snap-shot in time of the ecology of the lagoons but 

it is not known whether this snap-shot represents 

the picture for an average year or an exceptional 

year. It would be very difficult indeed t~·formulate 

with confidence a long term management strategy for 

the lagoons without some fairly long term data. 
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Given the fact that forward planning for the lagoon 

areas may not be delayed for too long, some planning 

and management decisions may need to be made in the 

light of the information available todate. Under 

this sc~nario, it is strongly recommended that a parallel 

monitoring program be instituted for these lagoons 
II 

,and-thatariy.future management plan be reviewed from 

time to ti'me as new information becomes available. 
" 

" 

", 

I~. 

',\ 



, 

,. 

• 

153 

6.:.... __ R:.:.E=:;F:.-E=:;R:.:.E::N:.:.C=:;E=.S=. 

American Public Health Association (APHA)(1980) "Standard 

methods for the examination of water and wastewater" 

15th. Edition. WAshington 

Cheng, DMH (1979) "Alqal study of Tuggerah Lakes" in 
" I 

Tuggeerah ,Lakes Interdepartmental Report, NSW 

Goverment. , , 

Cheng, DMH (1980) "Ecology of the littoral algae in a 

coastal saline lagoon in New South Wales". Proceed. 

Second International Conference on Microbial Ecology, 

held at 'the University of Warwick, Coventry, U.K. 

1980. 

Cheng, DMH (1984) "Eutrophication in coastal lagoons in 

New South Wales" in "Pollution and Plants", Cheng 

DMH and C.D. Field, Edit. Insearch, Sydney. 

Eardley, K. (1986) "Wamberal Lagoon - an ecological 

assessment of a disturbed aquatic ecosystem" 

University of Technology, Sydney. 

Gosford City Council (1985) "Avoca Lake development 

control plan" 

Gosford City Council (1987) "Wamberal Lagoon catchment 

study". 

Energy Consultants of Australia (1984) "Management 

plan for Terrigal Lagoon". 

Hart, B. T. (1974) "A compilation of Australian water 

quality criteria" AWRC Technical Report No.7 . 

Australian Government Publishing Service. Canberra. 

Irvine, 1. (1980) "Sydney Harbour: sediments and heavy 

metal pollution" Ph.D. Thesis. University of Sydney. 



1 54 

Major, G.A., Dal Pont, G. Klye, J. and B. Newell, (1972) 

"Laboratory techniques in marine chemistry, a 

manaual". CSIRO Division of Fisheries and Oceanogr. 

Report No. 51. 

P.A. Management (1975) "Gosford Lagoon environmental 

study". " 
Sawyer, C.N. (1947) ,,"Fertilisation of lakes by agricultural 

and urban drainage" J. New Eng. WAter Works Asso. 

1:109-127. 

Sylvester, "R.D. (1961) "Nutrient contents from drainage 

water from forested, urban and agricultural areas" 

In "Algae in and metropolitan wastes". u.S. Public 

Health Services, SEC TEW 61-63. 

TaIling, J.F. and Driver, D. (1963) "Some problems in 

the estimation of chlorophyll ~ in phytoplankton" 

Proc. Conf. on Primary Productivity Measurement, 

Marine and Freshwater, Hawii, 1961. U.S. Atomic 

Energy Commission TID - 7633, 142-144. 

Tyler, J.E. (1968) "The Secchi disk". Limno. and Oceanogr. 

13:1-4. 

Vollenweider. R.A. "Scientific foundamentals of 

eutrophication in lakes And flowing waters with 

particular references to nitrogen and phosphorus 

as facotrs in eutrophication" OECD Technical 

Report DAS/CSI/68.27 Paris. 

Wood, G. (1975) "An assessment of eutrophjca.tion in 

Australian inland waters" AWRC Technical-·Report 

No. 15. Australian Government Publishing Services, 

Canberra. ., 



• 

, 

Gosford City Council Disclaimer 

Council has resolved to place this Study of the 
. Ecological As.~essment of Wamberal, Avoca, 

Co.ckrone and Terrigal Lagoons on public 
exhibition and will then review the conclusions 
together with information obtained from public 
submissions . 
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