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Preface 

These guidelines are issued as a checklist of matters which the 
Environmental Protection Authority considers should be addressed in 
the PER. 	They are not exhaustive and other relevant issues may 
arise during the preparation of the document: these should also 
include the PER. 

It should also be noted that the guidelines are not intended to 
convey the Authority's wishes with respect to the format of the 
document. The format is a matter for the proponent and its 
consultant. 

A copy of these guidelines should appear in the PER. 

These guidelines may be amended if a joint State - Commonwealth 
environmental assessment is necessary by virture of the 
Commonwealth's Environment Protect ion (Impact of Proposals) Act 
applying to the project through, for example, the requirement for 
export approval. 

1 • 	SUMMARY 

This section should contain a brief summary of: 

salient features of the proposal; 

reason for the proposal; 

description of receiving environment and analysis of potential 
impacts and their significance; 

environmental management, and commitments thereto; and 

conclusions 

INTRODUCTION 

identification of proponent and responsible authorities; 

background and objectives of the proposal including 
development concepts; 

scope, and timing of the proposal; 

relevant legislatiie requirements and approval processes (State 
and Commonwealth); and 

purpose and structure of the PER. 

NEED FOR THE DEVELOPMENT 

This section is to enable the proponent to provide the justification 
for the project. 
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4. 	EVALUATION OF ALTERNATIVES 

A discussion of the reasons for the proposed development, including 
possible alternatives. 

The following provides examples of alternatives and their potential 
impacts for consideration to this section: 

various development options including different scales; 

various special arrangements of these options based on 
environmental consequences; and 

any feasible opportunities which avoid the expansions of the 
pond system at Useless Inlet. 

DESCRIPTION OF PROPOSAL 

general development concepts; 

project timetable; 

pond expansion details; 

- 	location; 

- 	construction method; 

- 	area; and 

- 	embankment materials sources. 

EXISTING ENVIRONMENT 

This section should provide an overall description of the 
environment and of physical and ecological systems likely to be 
affected. 

It should then concentrate on the sinificant aspects of the 
environment likely to be impacted by the development. Only the 
habitats, 	resources •. and 	potential 	resources which 	could be 
influenced should be defined. 

This section should include an overview in a regional and local 
context of: 

marine environment; .  

commercial environment ie fishing industry; 

conservation values; 



recreation values; and 

landscape values. 

7. 	ENVIRONMENTAL IMPACTS 

This section of the PER should show the overall effect on the total 
ecosystem and social surroundings of the proposal. 

The objective of this section is to synthesize all information and 
predict potential impacts (both adverse and beneficial) upon the 
environment in the short and long term. This should include an 
assessment of the resilience of the systems to natural and 
man-induced pressures associated with the proposal. 

Impacts should be quantified where possible. 	Criteria for making 
assessments of their significance should be outlined. 

It will be necessary to determine impacts on individual components 
of the environment before a final overall synthesis of potential 
impacts is made. 

Impacts on those environmental values indentified in Section 6 
should be discussed, including: 

impact on the marine environment both physical and 
biological; 

1 	

. 	 impact on environmental and conservation values identified 
within this project area and the region (eg Shark Bay Region 
Plan); and 

impact on adjacent lands. 

To conclude this section an overview or synthesis should be given 
to show how the proposal will interact with the total ecosystem. 
This synthesis should also include an assessment of the significance 
of the various impacts identified. 

ENVIRONMENTAL MANAGEMENT 

Environmental management should be described on the basis of (and 
cross-referenced to) the potential environmental impacts described in 
7. 

The purpose of management is to demonstrate the manner in which 
potential environmental impacts can be ameliorated either through 
design or specific ongoing management. The issue of management of 
the adverse impacts of the proposal should be specifically addressed 
in detail, including who will be responsible. Commitments as to 
bittern discharge and rehabilitation of disturbed ground should be 
made. 

Al .3 
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SUMMARY OF COMMITMENTS BY PROPONENT 

CONCLUSION 

An assessment of the environmental acceptability of the project in 
terms of its overall environmental impact and in the context of 
proposed management should be given. 

I' 
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SUMMARY 

In order to increase salt production, 	Shark Bay Salt Joint Ventu I'(' 
(SBS) proposes to create a new evaporation pnd in Useless Inlet 
which will occupy an area approximately 26 km immediately to the 
north of dough's Bar. Since the proposed pond will occupy an area 
presently utilised by commercial seine fishermen, a Fish Down 
Exercise was conducted within existing ponds to the south of 
dough's Bar as part of the impact assessment of this project. The 
objectives of the Fish Down Exercise, 	which utilised the equipment 
and methods of local professional fishermen, were to assess the 
potential value and feasibility of a commercial fishery within both 
the proposed and existing ponds in Useless Inlet, 	and to provide 

precise estimates of the standing stocks. 

The Exercise demonstrated that many commercial species are present 
in ponds behind Clough's Bar, of which several are presently 
utilised by licensed seine fishermen. 	The operation also showed 
that: 

the existing evaporation ponds contain equivalent if not 
greater quantities of marketable fish to comparable areas 
throughtout Useless Inlet; 

that the dockside value of these fish is as high as catches 
from open waters; and 

that a commercial fishery which utilised the first of these 
ponds (pond P0) is feasible from both economic and logistical 
points of view. 

While the first two objectives of the Fish Down Exercise were 
attained, the operations yielded data from which only broad 
estimates of the standing stock could be made. 	Precise estimates 
from Fish Down operations require that sufficiently high proportions 
of the initial population are sequentially removed, and an 
unanticipated high number and biomass of commercial species in 
ponds behind dough's Bar was one reason for failure to achieve 
such estimates. 	However, 	marked variations in water clarity also 
affected the data by causing considerable variation to catch 
weights. This variation is a major reason why precise estimates 
were not obtained. 

Although the data show that a 'text-book' fish removal program was 
not achieved, 	it did provide broad estimates, 	which indicate that 
the 	overall stock of commercial -sized fish probably exceeds 20 
tonnes but i probably less than 30 tonnes. Since the design and 
management f the proposed new pond will 1 e similar to that of 
pond P0, 	it is concluded that commercial se ne fishing operations 
within both :he new pond and existing prima y pond P0 would be 
feasible and profitable to local fishermen. 



LeProvost, Semeniuk & Chalmer 	 1 

TECHNICAL REPORT OF FISH DOWN EXERCISE 

1 INTRODUCTION 

1.1 BACKGROUND 

Shark Bay Salt Joint Venture (SBS) proposes to create a new 
evaporation pond in Useless Inlet in order to increase salt 
production by some 85%. This pond, which will be approximately 
6 km long and 4 km wide, will be created immediately to the north 
of Clough's Bar by constructing a new levee. 

The 	proposed 	pond will 	occupy 	an 	area presently utilised 	by 

commercial 	seine 	fishermen. Therefore 	as part 	of the 	Public 

Environmental 	Report (PER) 	for the proposed project, 	an 	evaluation 

of 	the 	commercial fisheries resource 	behind 	Clough's Bar 	was 

conducted 	between 	8 May 	and 7 	July 	1989. The 	objectives of 	this 

exercise, 	which 	uti lised 	local 	professional fishermen and 	their 

equipment, 	were to: 

assess the quality and commercial value of fish stocks within 
the ponds; 

demonstrate the feasibility of commercial seine netting 
operations within a salt pond; 

provide data allowing reliable estimates to be made of the 
standing stock of commercial species behind Clough's Bar. 

Pond P0 lies immediately behind Clough's Bar at the southern end 
of Useless Inlet (Fig. 1). 	It is some 4.5 km long and tapers in 
width from 3.5 km at the bar to less than 700 m at Carratti 's Bar 
- its southrnmost boundary. The surface area of pond PU is just 
over 10 km , much of which comprises relatively shallow water some 
2-3 m deep. 	A deeper channel area where water depth frequently 
exceeds 5 m is present along the entire length of pond P0 (Fig. 1). 
Between 15% and 20% of pond P0 contains water less than 1.5 m 
deep, 	i.e. sublittoral regions where the 'traditional' methods of 
Shark Bay seine fishermen can be employed. 

1.2 TECHNIQUE 

The size of 'confined' fish stocks can be estimated by removal 
techniques such as the Leslie Method, 	in which the catch per unit 
of effort (e.g. kilograms of fish caught per hour of search time) is 
plotted against the cumulative catch over a period of time (see 
Section 4.3.1). 	As with any linear regression estimation in which 
extrapolations are to be made, a sufficient number of time intervals 
must be plotted in order to achieve reliable estimates of total 
stock. 
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The accuracy of such estimates also depends upon certain 
assumptions, not the least of which is that enough fish are removed 
during the period of the experiment in order to significantly reduce 
the catch per unit of effort over the period of the exercise. Other 
factors which must be addressed Include: 

(I) that sampling effort and catchability of fish remain 
reasonably constant during the course of the experiment; and 

(ii) that the size of the initial stock is not significantly altered 
by concomitant natural events such as immigration, 
emigration, 	mortality or recruitment (i.e. the growth of 
younger, smaller fish to commercial size). 

The importance of minimising violations to these and other 
assumptions and recognising constraints to removal methods, is well 
discussed in the literature (see e.g. Ricker, 	1975; 	Cane Ei Strub, 
1978; Schnute, 1983; Gatz & Loar, 1988). 

1.3 ACKNOWLEDGEMENTS 

Gratitude is expressed to the following professional fisherman and 
officers of the Western Australian Fisheries Department for technical 
advice and information. 

Mn L. Belotti, professional seine fisherman, Denham. 

Mr D. Blackman, Fisheries Inspector, Mandurah. 

Mr N. Hall, Western Australian Marine Research Laboratories, 
Waterman. 

Mr G. Finlay, Fisheries Inspector, Denham. 

Dr R. Lenanton, 	Western 	Australian 	Marine 	Research 
Laboratories, Waterman. 

Mr J. Poland, professional seine fisherman, Denham. 
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2 EQUIPMENT AND METHODS 

The boats, nets and equipment of two licensed professional 
fishermen (Messrs L. Belotti and J. Poland) were employed during 
all stages of the Fish Down. Fishing operations and catch data 
were recorded by staff from LeProvost, Semeniuk & Chalmer, 
Environmental Consultants (LSC). 

Shark Bay seine fishermen traditionally rely on schooling fish such 
as the western sand whiting (Sillago schomburgkii), sea mullet 
(Mugil cephalus), yellowfin bream (Acanthopagrus latus) and 
garfish (e.g. Hyporamphus robustus) to provide a substantial 
portion of their annual catch and revenue (Department of Fisheries, 
1987). These and other fishes are tracked down visually using small 
(5.3 m) shallow-draught jet boats (Plate la) deployed from a larger 
vessel; the latter providing fuel, ice and overnight accommodation. 

Searches are conducted along shorelines and over shallow sand 

banks, 	with most fishing shots comprising 350 m to 500 m of 
appropriate-sized net (typically 50 mm or 82 mm) being laid around 
a school of whiting or sea mullet in shallow water less than 2 m 
deep (Plate ib). 

Apart from employing this 'traditional' 	method, 	netting 	operations 

conducted during 	the Fish Down 	Exercise 	also 	included 	shooting 

130 m 	of 130 mm 	monofilament net 	which 	had 	a 	6 m 	drop. 	This 

relatively small 	net was used 	for 	'blind' 	shots 	in 	the 	channel 

areas 	of pond P0 where water 	depth 	exceeds 	3 m 	(Fig. 	1). 

'Blind-shots' 	refer 	to those where fish are suspected but not seen. 

While fishing effort was focussed on stocks within pond PU, 	limited 
exploratory shots were also made in pond P1A and, on one occasion, 
within pond P1B (Fig. 1). 	These ponds lie behind Carratti's Bar 
and a smaller sand levee respectively. These bars were opened by 
SBS for the first part of the exercise. 
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3 OPERATIONS 

3.1 LOGISTICS 

The exercise commenced at 1230 on Monday 8 May, when the Belotti 
and Poland jet boats were moved across Clough's Bar and launched 
in pond PU using a tandem-wheeled trailer towed by a four wheel 
drive vehicle. Temporary boat ramps had been installed on Clough' s 
Bar by SBS. 	 - 

Pond P0 was divided into eight specific search areas by marker 
buoys (Fig. 1), 	during which time a full reconnaissance was made 
for fami liarisation and navigation purposes. A fine mesh 'gate net' 
was 	installed across Carratti 's Bar to prevent fish movements 
between ponds P0 and P1A prior to the commencement of fishing 
operations on the morning of 9 May (Table 1). Another gate net was 
installed between ponds P1A and P1B when the sand bar separating 
these ponds was opened. Periodic observations made each day at the 
intake structure confirmed that significant, large-scale movements of 
fish through the two swing gates that separate pond P0 from the 
open waters of Useless Inlet (Fig. 1) did not occur during the 
course of the exercise. 

3.2 SEARCH EFFORT 

Each jet boat carried an LSC observer who recorded the movements 
of the vessel as well as the time spent either searching for fish or 
shooting the nets and unrneshing the fish. 	The angle of the sun 
limited fishing by sight to the period between 0830 and 1700 hours. 

Visual searches 	were 	typically 	conducted 	at low 	or 	idling 	speed, 
with considerable 	time 	spent 	either 	poling jet 	boats 	quietly from 
bay 	to bay, 	or 	by 	reconnaissance 	on 	foot from 	surrounding hill 
tops. Even 	when 	jet 	boats 	were 	searching within 	100 m 	of each 
other, their effort usually 	remained 	independent owing to poor (and 
often highly 	patchy) 	water 	visibility. 	Such separate 	search efforts 
were deemed 	to have 	ceased 	the 	moment 	the occupants of 	one boat 
spotted a 	school 	of fish. 

Search times were terminated the moment a shot was commenced 
(search times which did not lead to a shot were carried over to the 
following day). Each shot was allocated to a particular species 
depending on the area searched and the mesh size of the selected 
net, with search time terminating for that species regardless of 
outcome. 

Exceptions were made in those areas of pond PU where the 
likelihood of catching both whiting and sea mullet in the one shot 
was very high (e.g. West 1; 	Fig. 1). 	In these cases the whiting 
net (smaller mesh size) was always used, 	but if mullet were not 
caught the search time for this species was carried over. 
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3.3 NETTING AND PROCESSING CATCHES 

Traditional mesh-seining methods were employed, in which up to 
500 m of net is quickly layed in a ring that encircles a school of 
fish (Plate lb; Section 2). 	After the shooting the net, 	the ring is 
slowly tightened to enmesh the fish (Plate lc). 	Because there is no 
'purse' or 'pocket', undersized fish cannot become trapped and are 
free to pass through all panels of the net. 

Operating 	the 	two 	jet 	boats within 	the same 	region helped 	counter 
problems caused by 	poor water clarity. For example, while 	whiting 
schools 	could 	be 	detected, it 	was 	never 	possible 	to determine 	the 
boundaries and extent of a school from one boat. 	Since shooting 	the 
net 	was 	virtually 	a 	'blind' operation, using 	the nets 	from 	both 
boats increased 	the area 	of the shot and reduced the risk of merely 
splitting 	the 	school. 

After unmeshing, the catches were transferred to ice-boxes on the 
mother ships via a measuring station on Clough's Bar. Moving the 
catches across the Bar was facilitated by a utility vehicle provided 
by SBS. 

3.4 EXTENDING THE EXERCISE 

The first stage of the exercise ended on 20 May, with fishing 
operations being temporarily suspended only between the afternoon 
of Friday 12 May and the morning of Monday 15 May [a period 
when the 'mother' boats, 	which had remained at anchor in Useless 
Inlet, were taken to Denham to unload the catch, re-ice and refuel 
(Table 1)]. 

The data obtained during the 8-20 May, operations demonstrated 
that, despite the removal of over 3.6 tonnes of whiting and mullet, 
a Fish Down (i.e. a distinct reduction in catch per unit effort) had 
not been achieved. 	It was therefore agreed to extend the exercise, 
and fishing operations in pond P0 were repeated between 20 and 22 
June, and then again between 5 and 7 July (Table 1). 

Operations on 6 July were not possible owing to a very large catch 
of yellowfin bream and tailor made on 5 July (Plate id). This catch 
completely filled the icing and carrying capacity of both 'mother' 
boats, which were forced to return to Denham to unload the catch 
and re-ice (Table 1). 
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4 RESULTS 

4.1 QUANTITY AND VALUE OF CATCH 

The Fish Down Exercise comprised a total of 15 'fishing' days 
(Table 1). 	The average weight of fish caught, 	measured and 
processed during each fishing day of the exercise was 645 kg 
(range 4,069-57 kg per day). 	This amounted to a total weight of 
91673 kg of marketable fish representing 10 commercial species 
(Table 1). 	Other species caught but not processed are listed in 
Table 2. The very low catch (7 kg) on 7 July (Table 1) was due to 
very high water turbidity which severely reduced search effort. 

Western sand whiting and sea mullet were specifically targeted 
throughout the course of the exercise, with by-catches typically 
consisting of tailor, tarwhine, flounder, flathead and some 
coarse-scale whiting (Tables 1 and 2). 	The total catch of all 
whiting species was 3,870.4 kg (Table 1), 	representing 3,725.4 kg 
of Western sand whiting, 	139.5 kg of coarse-scale whiting and 
5.5 kg of trumpeter whiting. 	The total catch of sea mullet was 
1,587.1 kg, 	of which 308.5 kg was caught in ponds P1A and P113. 
The exploratory fishing operation conducted in ponds P1A and P113 
also yielded yellowfin bream, tailor and flathead. 

When turbidity 	was 	very 	high, yellowfin 	bream 	and 	pink 	snapper 
were occasionally targeted 	with 'blind' 	shots 	in 	the 	deeper 	channel 
areas of pond P0. Using 	only 130 m of 	net, 	one 	of the 	four blind 
shots yielded 	over 3,000 kg 	of yellowfin 	bream 	and 	over 	800 kg 	of 
tailor (Table 	1; Plate 	id). 	Pink 	snapper 	were not 	caught 	with 	this 
gear. 

All commercial species caught during the exercise were of high 
quality, with most being sold at or very close to normal dock-side 
prices at Denham (J. Poland & L. Belotti, 	pers. comms). 	Whiting 
catches were particularly lucrative, since these regularly contained 
a high proportion of individuals greater than 28 cm in length 
(Section 4.3.3). 	These 'XL' fish command a considerably higher 
dockside price. On one occasion, however, the very large volume of 
yellowfin bream arriving at Denham led to a reduction in normal 
price, since it did not coincide with the regular freezer truck 
service (G. Finlay, pers. comm.). 

4.2 FEASIBILITY OF COMMERCIAL FISHING OPERATIONS 

The Fish Down Exercise demonstrated that pond P0 contains few 
navigational hazards to shallow-draught jet boats, and provides 
large areas of sandy sediments with minimal rock outcrop suitable 
for 'traditional' seining methods. The use of 130 mm mesh nets with 
a deeper drop for occasional 'blind' shots within channel areas was 
also profitable, yet represented a minimal departure from normal 
practises. Compared to pond P0, the bottom of ponds P1A and P1B 
was found to be more rocky and offers far less area suitable for 
seining. 
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Future 'traditional operations' within pond P0 by licensed fishermen 
appear both feasible and economically justifiable, provided there is 
installation of durable boat ramps on Clough's Bar. 	If permanent 
ramps are installed, casual access to pond PU by tourist boats and 
recreational fishermen must be discouraged by a locked gate or 
boom. This is because: 

frequent boating activities lead to the scattering of fish 
schools and turbidity problems. Wash from outboard propellors 
would promote the release of additional nutrients by lifting 
sediments into the water column, causing problems with 
phytoplankton blooms and eventual salt production; 

several areas of pond P0 are shallow and rocky, presenting a 
major hazard to outboard motor legs and propellors during 
periods of low water clarity. SBS could then become 
responsible for continually providing assistance to damaged 
recreational boats in pond P0. 

4.3 STANDING COMMERCIAL STOCKS 

4.3.1 Approach 

Provided catchabi I ity remains constant and a sufficient number of 
fish are removed, a standing stock estimate can be obtained by 
plotting catch (Ct) per unit effort (ft) against cumulative catch 
(Kt) at particular time intervals (t) (see Section 1.2; Ricker, 1975). 
The weight of the initial population at the start of the exercise is 
taken as the projected cumulative catch at the point where fishing 
has reduced the population (and therefore the catch/effort) to zero. 
Extrapolation of the regression line to where it intercepts the 
x-axis provides this estimate. Catchability (q) (i.e. the fraction of 
the population taken by one unit of fishing effort) must remain 
reasonably constant since it represents the slope of the regression 
line. 

Plots and regressions of the data (Figs 2-6) were obtained using 
Microsoft 'Cricket' software on an Apple Macintosh. Regression 
equations 	presented 	on 	these 	plots 	(e.g. y = 162.96 - 0.011x) 
represent Ct/ft and Kt as y and x respectively, in this example 
with q being 0.011 (i.e. 1.1% removal of the population weight per 
unit fishing). 

Fishing effort was focussed almost entirely on whiting and sea 
mullet, with the average time spent each day searching for these 
species being 2.25 hours and 1.5 hours respectively (Table 3). 
These periods do not represent independent (i.e. separate) efforts 
within delineated areas of pond PU (Section 3.2), since both whiting 
and mullet were present in areas such as West 1 and 2, and in 
East 1, 	2 and 3 (Fig. 1). Time spent searching, catching and then 
processing these fishes precluded effective removal efforts to be 
made on other commercial species. 
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Catch per unit effort (Ct/ft) was calculated as the weight of 
whiting or sea mullet caught per hour of search (kg/hr). Since time 
intervals were short and catchability (q) appeared low, the 
cumulative catches (Kt) can be calculated either as the cumulative 
catch at the beginning of each time interval, or as the cumulative 
catch at the beginning of each interval plus half the catch caught 
during that interval (Ricker, 1975). The latter method was used for 
the present analysis. 

4.3.2 Results 

Individual 	catches 	and 	catch 	per 	unit effort (kg/hr searched) 
varied 	markedly 	during 	the 	course 	of 	the exercise 	(see Tables 3 
and 	4; 	Fig. 	2). 	While 	some 	variation 	can be expected with 	any 
catch 	data 	for schooling 	species, 	both 	local and temporal variations 
in 	turbidity 	were clearly 	responsible for 	much of the 	fluctuation. 	In 
comparison, 	differences 	in 	weather (e.g. 	sunny versus 
overcast/showery conditions) 	played a minor role. 

Water clarity within pond P0 was always far less than the open 
waters of Useless Inlet and was never uniform. For example, 
visibility in areas Wi and El rarely exceeded 25 m and was often 
less than 5 m, 	while areas such as E4 contained regions where 
visibility never exceeded 4 m. 

Turbidity changes tended to be rapid and were strongly related to 
wind direction and strength and consequent wave stirring. 
Prolonged mobilisation of bottom sediments led to patchy algal 
blooms, further reducing visibility. Search effort on 20 May and on 
5 and 7 July was particularly hampered by this event, with 
visibility less than 3 m (no shots were made on 20 May). 
Improvements in water clarity following the passage of strong winds 
were slow. Netting operations per se also produced local declines in 
visibility. 

Because of the severe fluctuations in catch, standing stock estimates 
from plots whose time intervals represent individual shots or even 
days are unreliable (in Figs 3-6). 	Effects of variable catchability 
can be ameliorated to a limited extent by averaging the catch data 
(i.e. merging shots or days at a cost of reducing the number of 
plotted points), 	and/or by the removal of data highly affected by 
turbidity (i.e. 5-7 July data points). 

Such adjustments still produced only broad estimates of standing 
stock, particularly with regard to sea mullet. For example, 
regressions of merged whiting shot and day data give total biomass 
estimates ranging from just under 10,000 kg to less than 6,000 kg, 
while those for mullet range from just under 1,600 kg to 4,000 kg 
(see Figs 3-6). Removal of the turbidity-affected 5-7 July data does 
not improve the consistency of the sea mullet projections, with total 
biomass estimates ranging from 1,500 kg to 11,000 kg (Fig. 7). 

The absence of definitive trends suggest that, despite the removal 
of some 3,700 kg of whiting and 1,200 kg of mullet from pond P0, 
these weights represent insufficient proportions of initial biomass 
(i.e. a technical Fish Down was not achieved). Specifically, the 
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presence of high catches of both whiting and sea mullet towards the 
end of the exercise promote shallow slopes to the regression line, 
thereby indicating a lower overall catchability. Lowered 
catchability can be related to the poor water visibility throughout 
the exercise as well as implying a high initial biomass. 

Poor visibility also prevented reliable corroborative visual 
estimations to be made by the professional fishermen, even when a 
school had been sighted and was in the process of being netted. 
Visual estimations of school size would have been a valuable aid in 
confirming the accuracy of the projected catch data. In many 
instances, 	visibility was so poor it was not possible to discern the 
full boundary of a school, 	with shots tending to split rather than 
completely encircle schools of fish. 

4.3.3 Length/frequency data 

It is not uncommon that the largest individuals of a species are 
more likely to be captured than their small compatriots during a 
removal exercise, particularly during the intitial stages (N. Hall, 
pers. comm.). 	This feature, 	which reflects an increased capture 
vulnerability of larger individuals, 	can promote an overall decline 
in the body lengths of the remaining population, and is revealed 
by changes to the length/frequency range of individual catches over 
the period of a Fish Down. 

If downward trends are present in length/frequency plots of the 
catch data, 	they also help confirm that the number or weight of 
removed fish represents a significant proportion of the intital 
population. Conversely, 	the absence of such trends imply that not 
enough fish have been removed from the initial stock for accurate 
estimations to be made. The latter conclusion, however, relies on 
knowing whether the larger individuals of the species in question 
exhibit such vulnerability. 

Body lengths of all commercial species were recorded at the 
measuring station on Clough's Bar. Where catches were large, 
length data were recorded from subsamples of 200 fish representing 
each species. Length/frequency data for Western sand whiting and 
sea mullet from catches greater than 20 fish are presented in 
Figures 8 and 9. 

The plots for western sand whiting show that the mode of most 
catches typically lay between 26 cm and 28 cm throughout the 
exercise (Fig. 8). 	The quantity of individuals greater than 28 cm 
('XL' whiting; see Section 4.1) fluctuated between some 25% and 45% 
of each catch and exhibits no downward trend over time. Since very 
large individuals (greater than 32 cm) were present in most 
catches, these data do not indicate whether sufficient whiting were 
removed from the initial population to produce a definitive 
regression slope (q) (see Section 4.3.2). 

While length/frequency plots of sea mullet (Fig. 9) exhibit more 
variation than those of whiting (modes range from 27 cm to 54 cm), 
a downward trend or gradual loss of large fish is also not 
apparent. Thus despite a consistent difference between the size 
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range of sea mullet catches from the front end of pond P0 and those 

	

taken from near Carratti's Bar and in pond P1, 	the plots offer no 
evidence as to whether sufficient sea mullet had been removed. 
Length/frequency plots of the large yellowfin bream and tailor 
catches are shown in Figure 10. 
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5 CONCLUSIONS 

The Fish Down Exercise has shown that existing evaporation ponds 
behind Clough's Bar contain considerable quantities of marketable 
fish that can be caught by local professional fishermen with 
minimal departure from their traditional seining methods. Of the 
three ponds which were explored, 	the first of these (pond P0) 
provides the most appropriate area and potential for any future 
commercial fishing operation. 

The jet boats of licensed fishermen can negotiate water depths less 
than 60 cm at low speed because the impellor is mounted within the 
hull. 	The water jet is projected outwards at the water's surface 
rather than downwards, and thus the wash produced by these 
vessels when searching at low speeds in shallow water causes 
minimal disturbance to sediments. 	This feature is important given 
the need to minimise sediment disturbance and nutrient release 
within evaporation ponds. 

Although the data indicate that a 'text book' stock reduction was 
not achieved, a conservative appraisal of the broad estimates 
suggest that the standing stocks of commercial-sized western sand 
whiting and sea mullet were 8,000 kg and 3,500 kg respectively. 
Given that untapped stocks of other valuable schooling species such 
as yellowfin bream and tailor yielded large catches following a 
limited search effort, 	the overall biomass of commercial species in 
pond PC must be considerable and could easily exceed 20 tonnes. It 
appears less likely, however, 	that the overall stock would exceed 
30 tonnes. 

The catchability of this stock appears to 	exceed that typically 
encountered for similar stocks in open water areas of Useless Inlet, 
a view supported by both historical and recent catch/effort data of 
the beach seine fishery (Table 7; 	Fig. 11), as well as by some of 
the local fishermen who subsequently have expressed desires to 
return to pond PC (G. Fin lay, pers. comm.). 

It is also worth noting that although catchability was far higher in 
pond PC, 	search efficiency was considerably reduced by turbidity. 
Moreoever, while the introduction of jet boats between 1978 and 1980 
increased the area that can be searched per hour, the noise 
disturbs whiting schools, causing them to move from the shallow, 
fishable areas into deeper waters (Fry, 	1988; 	D. Blackman and 
R. Lenanton, 	pers. comms). 	This feature virtually negates any 
improvement in search efficiency, 	and thus the historical data are 
fairly comparable. Water clarity in the ponds varies due to 
resuspension of fine sediments and recurrent algal blooms under 
turbulent conditions. The seine fishermen are not used to these 
conditions and their equipment is not optimal for them. However, 
search efficiency could be readily improved by selecting calm 
periods in winter when turbidity is low, and by installing a 
temporary frame on the jet boat to elevate the position of the 
observer. 
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The presence of populations containing a high proportion of large 
individuals behind Clough's Bar probably reflects lack of previous 
exposure to commercial seining. This feature almost certainly 
applies to the high numbers of 'XL'-sized whiting and large 
yellowfin bream. However, while the proportion of these large fish 
can be expected to fall if pond P0 is made accessible to licensed 
fishermen, 	total product ion may rise as a direct consequence of 
their removal. 	This effect is related to the food intake of older, 
slow-growing individuals in unfished, 	resource-limited populations; 
an intake which can limit growth rates in the younger age classes 
(e.g. Ricker, 1975). It is also recognised, however, that this effect 
does not occur in recruitment-limited populations, 	in which case an 
application of fishing effort would tend to reduce total biomass. 
Recruitment in the Useless Inlet ponds is addressed in Appendix 3. 

Since the design and operation of the proposed new pond in Useless 
Inlet will make much of it a virtual 'carbon copy' of the existing 
primary pond P0, 	it can be concluded from the results of the Fish 
Down Exercise that viable and prof itable commercial fishing 
operations can be conducted in the proposed new pond as well as in 
pond P0. 
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TABLE 1 

BORIc CONDUCTED AND DAILY CATCHES OF COMMERCIAL FISH SPECIES DURING FISH DOWN EXERCISE 

(NB: Daily fishing operations span time between initial departure and final arrival of jet boats at ramp on Clough's Bar) 

1 	OTHER 

	

OVERALL I 	kg 	I 	kg 	I 	kg 	I 	kg 	I (floander/ 
DATE 	 EVENT/OPERATION SEARCH 	TOTAL 	SEA 	YELLOW- 	TAILOR 	flathead/ 

TIME 	WAITING 	MULLET 	FIN 	 silverbream/ 

BREAM 	 cod) 

8/5 	Commercial 	mother' 	boats 	arrive 	at 	bar at 	12.30pm. 	Jet boats 	transported over 

wall 	asing H. 	Smith's boat 	trailer, 	following modifications 	to 	ramp and 

decision 	not 	to 	use jinker. 	Jet 	boats 	undertake 	reconnaissance/ 

I 	familiarisation 	toor of Pool 0 and Carratti's 	Bar between 	14.45 and 	16.50. I 

9/5 	Fishing ops between 0845 and 1705 5h 	26' 67.5 557.4 	1.9 4.0 7.3 

10/5 	Fishing ops 	between 0930 and 	1710 6h 	02' 362.0 15.8 0.7 - 0.5 

li/S 	I 	Fishing ops 	between 0840 and 	1630 3h 	03' 958.8 24.9 - - 30.9 

12/5 	Fishing ops 	between 0850 and 	1230. 	Boats 	return 	to Denhas, 	in 	afternoon. 4h 	13' 26.8 - 25.6 3.4 1.0 

15/5 	Boats 	return 	to 	Bar at 	1230. 	Fishing 	ops 	between 	1252 	and 	1730. 4h 	05' - 237.3 3.4 - - 

16/5 	I 	Fishing ops between 0850 and 	1615 Sb 	15' 394.9 24.1 9.8 - - 

17/5 Fishing ops between 0830 and 1730 Sb 	43' - 102.1 14.5 9.1 1.3 

18/5 Fishing ops between 0900 and 1730 2h 	44' 527.1 6.3 - - 5.2 

19/5 Fishing ops between 0835 and 1600 3h 	35' 330.0 - - - 14.3 

20/5 Fishing ops between 0900-1015. Jet boats removed 1030-1230. 	Mother boats 	leave 
for Denham after 	lunchtime 	(1300). 2h 	00' - - - - - 

11/6 Both 	mother boats present at Clough's Bar by 	1400. 	Transport of jet 	boats over 

bar postponed following breakage 	of side 	rail on 	H. 	Smith's 	trailer. I 
Trailer returned to SBS for repairs and welding, 	then brought 	to bar at 	1830. 

20/6 
1 

Jet boats taken over bar between 0745 and 0915. Fishing ops between 0915 and 
i 

1730. One mother boat 	(J. Poland) 	returns to Denham in evening with catch and I 	4h 	21' 486.1 - - - 2.2 
to get 	more 	ice. I I 

21/6 Fishing ops between 0845 and 1600 (remaining crew split between 2 jet boats). I 
J. 	Poland's boat returns from Denham at 	1630. Ih 	47' 680.7 27.5 - 2.3 1.5 

22/5 Fishing ops between 0905 and 1530 	(1 	Jet boat breaks down and remains 

unoperational 	from 1250 onwards). 	Jet boats pulled out of Pond 0 between 4h 	19' 30.5 587.7 . 	1.5 4.5 3.2 
1630 and 1730. 	Both mother boats return 	to Denham in evening. 

4/7 Both mother boats arrive at Bar at 1645. Jet boats transported over bar 

between 	1645 and 	1815. 

5/7  Fishing ops between 0900-1800 (processing and icing down catch takes from 3h 24' - 3.0 3,236.8 825.0 4.2 
1800 until 	2230). 

6/7 Both 	mother 	boats 	leave Clough's Bar 	in early morning fully-loden, 	and to 
re-ice at Denham. 

7/7 Both mother boats 	urrived at Clough's 	Bar by 	1430. 	Fishing ops between 	1445 
and 1700. 	Jets taken out of Pond 0 between 	1700 and 1830. 3h 	10' 6.0 1.0 - - - 

TOTALS 59h 07' 1 	3,870.4 1,587.1 1 	3,294.2 1 	848.3 1 	71.5 
Average catches per day of fishing operations 258 106 220 56 4.8 
GRAND TOTAL - 9,673.2 kg 
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TABLE 2 
Species caught with commercial haul nets during Fish Down Exercise 

SYSTEMATIC SPECIES LIST 

SPECIES NAME 	 COMMON NAME 

CRUSTACEA 
RE PTA Nil A 

Blue manna crab 
ELASMOBRANCHIA 
RHI NO BAT I DAE 

/(C?S1'wdjf614*cIs/s 	Shovel nose rag 

TELEOST El 
ELOPI DAE 

Giant herring 
CLUPEIDAE 

Awiak'sa iiam/if Bony herring 
BELONIDAE 

5Wwrqilurs Is/ut, Slender longtom 
HEMI RAMPHI DAE 

4rrsr#pbwxlsrolspsis Snub- nosed gerfish 
SYNGNATHIDAE 

fVXwxV#s i','r,s Tiger pi pefish 
PLATYCEPHALIDAE 

P/s 	pAr/w Bar-tailed flatheed 
SERRANI DAE 

(phslwsu//hc, Estuary cod 
TERAPONI DAE 

4mmatsAtcsi*WtiW<, Yellowtail trumpeter 
At-104M  Six-lined trumpeter 

SI L LAGI NI DAE 
5)/4 xi)omur*// Western send whi ti ng 

5VllI9mscu/ss Trumpeter whiting 
5Y//4' SMFX, Coarse-scaled whiting 

POMATOM$DAE 
Tailor 

SPARI DAE 
4csAiprw /s1u, Yellovfi n bream 

To rwhi ne 
GERRI DAE 

6rrss svArswistas Roach 
MUGILIDAE 

Mun/ wpis/us Sea mullet 
601 HI DAE 

Pssi..*rt,ombusfs,ur,sf/ Small-toothed flounder 

15 

TOTAL NUMBER OF SPECIES - 20 
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TABLE 3 
Seroh times and otohes of shots In Pond 0 

Vestern sand wliitinq Sea mullet 

Se.arct Catch Cumitve Catch Cumitve 
Date Shot tIme NO kg/hr Catoh NO I NO kg/hr Catoh (kg) 

9-Haj 1 1: 17 - - - 273.0 212.7 273 
2 2 :46 67.5 24.4 67.5 - - - 

10-May 4 0 :24 73.8 184.5 141.3 - - - 
5 0 :07 31.6 270.9 172.9 - - - 
6 0 :35 248.3 425.7 421.2 - - - 
7 1: 15 8.3 6.64 429.5 - - - 
8 1:04 - - - 15.8 14.8 288.8 

11 -flag 9 0 :38 - - - 0.0 0.0 288.8 
10 0:03 - - - 24.9 498.0 313.7 
12 1 :581 863.8 487.5 1293.3 - - - 
13 0:08 -  - - 12-Hag 0.0 0.0 313.7 
15 2:19 26.8 11.6 1320.1 - - - 
16 2 :38 - - - 1544ay 116.5 442 430.2 
17 1:50 - - - 120.8 65.9 551 

164-lag 18 0 :31 394.9 764.3 1715.0 - - - 
I 7-May 20 1:32 - - - 9.8 6.4 560.8 

21 0:38 - - - 3.5 5.5 564.3 
22 0 :22 - - - 1.0 2.7 565.3 
23 0 :05 - - - 0.0 0.0 565.3 
24 0:05 - - - 5.8 69.6 571.1 
25 0 :53 - - - 72.7 82.3 643.8 
26 0:42 - - - 9.3 13.3 653.1 

I 8-May 27 5 :54 484.3 82.08 2199.3 - - - 
28 1: 10 34.3 29.4 2233.6 - - - 
28 0 :42 - - - 6.3 9.0 659.4 
29 0 :37 8.5 13.8 2242.1 - - - 

1 9-May 30 0:56 122.1 130.8 23642 - - - 
31 0:34 1072 277.4 2471.4 - - - 
32 0 : 12 6.3 31.5 2477.7 - - - 
33 0:451 44.4 592 2522.1 - - - 

20-Jun 34 1:33 246.7 1592 2768.8 - - - 
35 1:33 129.9 83.81 2898.7 - - - 
36 0 : 14 96.9 415.3 2995.6 - - - 
37 0 :30 12.6 25.2 30082 - - - 

21 -Jun 38 1: 13 680.7 559.5 3688.9 - - - 
38 2 :25 - - - 27.5 11.4 686.9 

22-Jun 39 2 :32 30.5 1204 3719.4 - - - 
39 2 :00 - - - 24.8 12.4 711.7 
40 1:05 - - - 228.7 211.1 940.4 
41 2 :27 - - - 3342 136.4 1274.6 

5-Jul 42 1:40 - - - 0.9 0.5 1275.5 
43 0:30 - - - 2.1 42 1277.6 

7-Jul 44 3 :47 6.0 1.6 3725.4 - - - 
44 0 : 14 - - - 1.0 4.3 1278.6 

Total effort 31 hours 25 minutes 22 hours 58 minutes 

Average effort 1 hr 26 mlns /shot 1 hr 3 mlns /shot 

Average catob 169.3 kg/shot 58.1 kg/shot 



TABLE 4 
Search effort and catch oar deu In Pond U 

Western sa.d whiting 	 So. mullet 

Daily 	Search time 	Catch (kg) per 	Cumulative 	Daily 	Search time 	Catch (kg) per 	Cumulative 
Date 	catch 	Hours Mine 	Iur search 	catch 	catch (kg) 	Hours:mlns 	Iur search 	catch (kg) 

9-Meg 67.5 	2 :46 24.4 67.5 273.0 	1:17 212.7 273.0 
10-Meg 362.0 	2 :21 154.0 429.5 15.8 	1:04 14.8 288.8 
11-May 863.8 	1:58 439.2 1293.3 24.9 	0:41 36.4 313.7 

3-dayperlod 1293.3 	7:05 182.6 1293.3 313.7 	3:02 103.4 313.7 
12-May 26.8 	2:19 11.6 1320.1 0.0 	0:08 0.0 313.7 
15-May - 	- - 1320.1 237.3 	4:28 53.1 551.0 
16-May 394.9 	0 :31 764.3 1715.0 - 	- 551.0 

3-d.yp.rlod 421.7 	2:50 148.8 1715.0 237.3 	4:36 51.6 551.0 
17-May - 	- - 1715.0 102.1 	4:17 23.8 653.1 
18-Meg 527.1 	7 :41 68.6 2242.1 6.3 	0:42 9.0 659.4 
19-May 280.0 	2 :27 114.3 2522.1 - 	- - 659.4 

3-day period 807.1 	10 :08 79.6 2522.1 108.4 	4:59 21.8 659.4 
20-Jun 486.1 	3 :50 126.6 3008.2 - 	- - 659.4 
21-Jun 680.7 	1: 13 559.5 3688.9 27.5 	2 :25 11.4 686.9 
22-Jun 30.5 	2 :32 12.0 3719.4 587.7 	5:32 106.2 1274.6 

3-day period 1197.3 	7 :35 157.9 3719.4 615.2 	7 :57 77.4 1274.6 
5-Jul - 	- - 3719.4 3.0 	2:10 1.4 1277.6 
7-Jul 6.0 	3 : 47 1.6 3725.4 1.0 	0 : 1 4 4.3 1278.6 

2-day period 6.0 	3 :47 	1 1.6 	1 3725.4 	1 4.0 	2 :24 	1 5.7 	1 1278.6 

Search effort 	31 hours 25 mins 	(2 hrs 15 info/day) 	22 hours 58 mb, 	(1 hr 32 mi.lday) 

Average catch 	118.6 ky/hour of 	248.4 kg/day 	55.7 kg/hour of 	85.2 kg/day 
rates 	 search 	 search 
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Shot data used for reoression plots 

- 
Catch 
(kg) 

Vestern sand 'whltln9 
Search 	 Cumulative 
time 	kg/hr 	 Catch 

Catch 
- (kg) 

Search 
time 

Sea malltt 

kg/hr 
Cumulative 

Catch 
Shot Ct ft 	1 Ct/ft I Ct/2 I Kt Shot Ct 	I ft  I Ct/ft I Ct/2 j Kt 

2 67.5 2:46 24.4 33.8 67.5 33.8 1 	273.0 1:17 212.7 136.5 273.0 136.5 

4 73.8 0 :24 184.5 36.9 141.3 104.4 8 	15.8 1:04 14.8 7.9 288.8 280.9 

5 31.6 0 :07 270.9 15.8 172.9 157.1 9 	0.0 0: 38 0.0 0.0 288.8 288.8 

6 248.3 0 :35 425.7 1242 4212 297.1 10 	24.9 0 : 03 498.0 12.5 313.7 301.3 

7 8.3 1:15 6.6 42 429.5 425.4 13 	0.0 0:08 0.0 0.0 313.7 313.7 
12 863.8 1:58 439.2 431.9 1293.3 861.4 16 	116.5 2 :38 44.2 58.3 430.2 372.0 

15 26.8 2: 19 11.6 13.4 1320.1 1306.7 17 	120.8 1: 50 65.9 60.4 551.0 490.6 

18 394.9 0 : 31 764.3 197.5 1715.0 1517.6 20 	9.8 1: 32 6.4 4.9 560.8 555.9 
27 484.3 5 :54 82.1 242.2 2199.3 19572 21 	3.5 0 : 38 5.5 1.8 564.3 562.6 

28 34.3 1: 10 29.4 172 2233.6 2216.5 22 	1.0 0 : 22 2.7 0.5 565.3 564.8 

29 8.5 0 :37 13.8 4.3 2242.1 2237.9 23 	0.0 0 : 05 0.0 0.0 565.3 565.3 
30 122.1 0 :56 130.8 61.1 23642 2303.2 24 	5.8 0 :05 69.6 2.9 571.1 568.2 

31 1072 0 :34 189.2 53.6 2471.4 2417.8 25 	72.7 0 :53 82.3 36.4 643.8 607.5 
32 6.3 0 : 12 31.5 32 2477.7 2474.6 26 	9.3 0: 42 13.3 4.7 653.1 648.5 

33 44.4 0 :45 592 222 2522.1 2499.9 28 	6.3 0 : 42 9.0 3.2 659.4 656.3 

34 246.7 1:33 1592 123.4 2768.8 2645.5 38 	27.5 2 :25 11.4 13.8 686.9 673.2 
35 129.9 1:33 83.8 65.0 2898.7 2833.8 39 	24.8 2 :00 12.4 12.4 711.7 699.3 

36 96.9 0:14 415.3 48.5 2995.6 29472 40 228.7 1 :05 211.1 114.4 940.4 826.1 

37 12.6 0:30 25.2 6.3 30082 3001.9 41 	334.2 2:27 136.4 167.1 1274.6 1107.5 
38 680.7 1: 13 559.5 340.4 3688.9 3348.6 42 	0.9 1 : 40 0.5 0.5 1275.5 1275.1 

39 30.5 2 :32 12.0 15.3 3719.4 37042 43 	2.1 0 :30 4.2 1.1 1277.6 1276.6 
44 6.0 3 :47 1.6 3.0 3725.4 3722.4 44 	1.0 0 : 14 4.3 0.5 1278.6 1278.1 

3 SHOT AVERAGES 3 SHOT AVERAGES 
1 172.9 3 : 17 52.7 86.5 172.9 86.5 1 288.8 2 :59 96.8 144.4 288.8 144.4 

2 1120.4 3 :48 294.8 560.2 1293.3 733.1 2 141.4 2 : 49 502 70.7 4302 359.5 

3 906.0 8 :44 103.7 453.0 2199.3 1746.3 3 134.1 4 :00 33.5 67.1 564.3 497.3 
4 164.9 2 : 43 60.7 82.5 2364.2 2281.8 4 	6.8 0 : 32 12.8 3.4 571.1 567.7 

5 157.9 1:31 104.1 79.0 2522.1 2443.2 5 	88.3 2:17 38.7 442 659.4 615.3 

6 473.5 3 :20 142.1 236.8 2995.6 2758.9 6 281 .0 
1 

5 : 30 51.1 140.5 940.4 799.9 
7 729.8 8 :02 90.8 364.9 3725.4 3360.5 7 338.2 4 :51 69.7 169.1 1278.6 1109.5 

4 SHOT AVERAGES 4 SHOT AVERAGES 
1 421.2 3:52 108.9 210.6 4212 210.6 1 313.7 3:02 103.4 156.9 313.7 156.9 

2 1293.8 6:03 213.9 646.9 1715.0 1068.1 2247.1 6:08 40.3 123.6 560.8 437.3 
3 649.2 8 :37 75.3 324.6 23642 2039.6 3 	10.3 1: 10 8.8 52 571.1 566.0 

4 404.6 3 :04 131.9 202.3 2768.8 2566.5 4 115.8 4 :42 24.6 57.9 686.9 629.0 

5 920.1 3 : 30 262.9 460.1 3688.9 3228.9 1 	51588.6 7 : 12 81.8 294.3 1275.5 9812 
61 36.5 6:19 5.8 18.3 3725.4 37072 1 	61 	3.1 0:44 42 1.6 1278.6 1277.1 

6 SHOT AVERAGES 6 SHOT AVERAGES 
1 1293.3 7 05 182.6 646.7 1293.3 646.7 1 4302 5 :48 74.2 215.1 4302 215.1 
2 	1070.9 10 27 102.5 535.5 23642 1828.8 2 140.9 4 :32 31.1 70.5 571.1 500.7 
3 	631.4 4 	51 130.2 315.7 2995.6 2679.9 3 369.3 7 :47 47.4 184.7 940.4 755.8 
4 729.8 8 02 90.8 364.9 3725.4 3360.5 4 3382 4 : 51 69.7 169.1 1278.6 1109.5 

7 SHOT AVERAGES 7 SHOT AVERAGES 
1 1320.1 9 :24 140.4 660.1 1320.1 660.1 1 551.0 7 :38 72.2 275.5 551.0 275.5 
2 	1157.6 9 :54 116.9 578.8 2477.7 1898.9 2 102.1 4 : 17 23.8 51.1 653.1 602.1 
3 	1247.7 12 :07 103.0 623.9 3725.4 3101.6 3 625.5 11:03 56.6 312.8 1278.6 965.9 



TABLE 6 
Dau data used for reoression olots 

Daily 
catch 

Western send whiting 
Search 	 Plotted 

time 	kg/hr 	(umultve Cumultve 
(Hrs Mm' 	catch 	catch - 

Daily 
catch 

Search 
time 

(Hrs t'fln 

Sea mullet 

kg/hr 
) 

Plotted 
Cumul'tve Cumultve 

 catch 	catch 
Date Ct ft Ct/ft I Ct/2  Kt Date Ct ft Ct/ft Ct/2  Kt 

9-May 67.5 2: 46 24.4 33.8 67.5 33.8 9/5 273.0 1: 17 212.7 136.5 273.0 136.5 
10-May 362.0 2:21 154.0 181.0 429.5 248.5 10/5 15.8 1:04 14.8 7.9 288.8 280.9 
1 1-May 863.8 58 439.2 431.9 1293.3 861.4 11/5 24.9 0:41 36.4 12.5 313.7 301.3 
12-Flay 26.8 19 11.6 13.4 1320.1 1306.7 12/5 0.0 0:08 0.0 0.0 313.7 313.7 
16-May 394.9 0 : 31 764.3 197.5 1715.0 1517.6 15/5 237.3 4:28 53.1 118.7 551.0 432.4 
18-May 527.1 7:41 68.6 263.6 2242.1 1978.6 17/5 102.1 4: 17 23.8 51.1 653.1 602.1 
1 9-May 280.0 2: 27 114.3 140.0 2522.1 2382.1 18/5 6.3 0: 42 9.0 3.2 659.4 656.3 
20-Jun 486.1 3: 50 126.8 243.1 3008.2 2765.2 21151 27.5 2:25 11.4 13.8 686.9 673.2 
21-Jun 680.7 13 559.5 340.4 3688.9 3348.6 22/5 587.7 5:32 106.2 293.9 1274.6 980.8 
22-Jun 30.5 32 12.0 15.3 3719.4 3704.2 5/7 3.0 2: 10 1.4 1.5 1277.6 1276.1 

7-Jul 6.0 3 : 47 1.6 3.0 3725,4 3722.4 7/5 1.0 0 : 14 4.3 0.5 1278.6 1278.1 

2-D.j periods 2-Dog periods 
1 429.5 5:07 83.9 214.8 429.5 214.8 1 288.8 2:21 122.9 144.4 288.8 144.4 
2 890.6 4: 17 207.9 445.3 1320.1 874.8 2 24.9 0:49 30.5 12.5 313.7 301.3 
3 922.0 8: 12 112.4 461.0 2242.1 1781.1 3 339.4 8:45 38.8 169.7 653.1 483.4 
4 766.1 6: 17 121.9 383.1 3008.2 2625.2 4 33.8 3:07 10.8 16.9 686.9 670.0 

(3 days) 5 717.2 7 : 32 95.2 358.6 3725.4 3366.8 5 591.7 7 : 56 74.6 295.9 1278.6 982.8 

3-dee penods 3-d.p periods 
1 1293.3 7:05 182.6 646.7 1293.3 646.7 11 313.7  3:02 103.4 156.9 313.7 156.9 
2 948.8 10:31 90.2 474.4 2242.1 1767.7 2J 339.4 8:53 38.2 169.7 653.1 483.4 
3 1446.8 7: 58 181.6 723.4 3688.9 2965.5 31 621.5  8:39 71.8 310.8 1274.6 963.9 

(2 only) 4 36.5 6: 19 5.8 18.3 3725.4 3707.2 41 4.0 3:24 1.2 2.0 1278.6 1276.6 

4-dog periods 4-des periods 
1 1320.1 9 : 24 140.4 660.1 1320.1 660.1 1 313.7 3: 10 99.1 156.9 313.7 156.9 
2 1688.1 14:29 116.6 844.1 3008.2 2164.2 2 373.2 11:52 31.4 186.6 686.9 500.3 

(3 only) 	3 717.2 7: 32 95.2 358.6 3725.4 3366.8 3 691.7 7 : 56 74.6 295.9 1278.61 982.8 

I-
CD 

a 
0 
U) 

(TI 
CD 
2 
CD 
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C-) 
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0) 
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CD - 
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TAbLE 7 

HISTORICAL 106-000K WHITING CATCH DATA FROM USELESS INLET 
AND CATCH DATA FROM 1989 FISH DOWN 

(data from 1965-1969 logbook aurve; Useless Inlet 	Arca 3 

Average catch Area 3 	Porcentoge 	Max. No. at 
pererea(16.lE catch bg 	of total catch 	units 	with 

Total Denhem (assuming equal logbook 	caught by log- 	loqbook Hours at Catch per 
Period catch (kg) catches) holder8 	book holders 	in Area 3 eorch hour (kg) 

April 1955_  December 1966 158 000 26300 9304 	5.9% S SIOS 

- 

15.2 

January 1957- December 1967 142000 23667 13634 	96 6 6095 22.4 

January 1968 - December 1966 138 000 23000 3 212 	2.3% 91, 0 303 

Januart 1969- Februerq 1969 - - 1 	112 	 - 1 i 9.5 070 

AprIl 1966 - February 1969 438 000 24 322 27 262 	6.2% 5.3 1330.5 20.4 

9Iley 1989-7July 1909 - - 3 725 (pond P0) 	 2 31.3 110.6 
(pond P0 only) 

Unit: I licensed fishing vessel and crew 

Source: Lenanton & Cliff (Appendix 6) 
Lenenton (1970) 
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FIGURE 2 

Cotches per shot (0) and catch/effort (liii) per shot 
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FIGURE 
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FIGURE 4 
Plots of day det9 (comolet data set) for Weetern sand vhiting 

.'ith simple linear 	regression lines 
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FIGURE 5 
Plots of shot data (complete data set) for See mullet 

with simple linear re9re331on lines 
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FI6URE 6 
Plots of deij data (complete data set) for Sea mullet 

with simple lineer regression lines 
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FIGURE 7 
Predictive re9ression Hnes for Sea mullet from plots vithout 

severe turbld1t-effected data of 5-7 Jul j 
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Length/frequency histograms of Western sand whiting catches 
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Length/frequency h1stogrmS of Sea muflet cotches 
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Length/frequency histograms of Tailor and Yellowfin bream catches 
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FIGURE 1 

HISTORICAL AND FISH DOWN CATCH RATES 

Monthly whiting catch rates of logbook holders 
in Useless Inlet (1966-1969) 

400 
	

(for months when 1 or more units with logbook visited lJseless Inlet) 

300 

1
Mean 1 

(20.4 kg/hr) 

... ....... V— 	........... 	... .. .. 
A M J J ASON DFMAMJJ ASONDJMAMJJSONJF 

1966 	 1967 	 1965 

2 200 

40 

: 	
100 

', 	0 

Western sand whiting daily catch rates in pond P0 
during Fish Down Exercise (9 May - 7 July 1959) 

800 

700 
I- 

600 

-' 500 

.2 400 
I- 
1 300 

200 

100 

0 
9 10 11 12 15 16 

Ma p 
17 18 19 20 7 

Jul g 

11966-1969 data from Lenanton & Cliff 1989 (unpublished data) I 



(a): Using jet-boats to search for whiting inside 

pond P0. 

(b): Encircling a school of whiting inside pond P0. 

-- 
-c--;- 

- 
- - - 

41 

- 	--- -: 

(C): Hauling the whiting net inside pond PU. 	 (d): Hauling in yellowfin bream using the small 

experimental deep net inside pond PU. 
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22 	Abundance/biomass histograms of western butterfish 

23 	Abundance/biomass histograms of roach 

24 	Abundance/biomass histograms of yellowtail trumpeter 

25 	Abundance/biomass histograms of six-lined trumpeter 

26 	Abundance/biomass histograms of blue manna crab 

27 	Abundance/biomass histograms of western king prawn in winter 

28 	Length-frequency histograms of western sand whiting for 
(A) winter and (B) summer 

29 	Length-frequency histograms of trumpeter whiting 

30 	Length-frequency histograms of sea mullet for 
(A) winter and (B) summer 

31 	Length-frequency histograms of tailor 

32 	Length-frequency histograms of yellowfin bream 

33 	Length-frequency histograms of tarwhine 

34 	Length-frequency histograms of bony herring 
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35 	Length-frequency histograms of bar-tailed flathead 

36 	Length-frequency histograms of small-toothed flounder 

37 	Length-frequency histograms of western king prawns in 
summer 
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SUMMARY 

Shark Bay Salt Joint Venture (SBS) proposes to increase salt production by 
extending its primary concentration pond system in Useless Inlet. Lying 

immediately to the north of dough's Bar, the new pond will occupy 
approximately 26 km2  of SBS's existing mining lease area within Useless Inlet. 
The fish nursery study was undertaken to: 

investigate the value of the proposed and existing ponds as nursery areas 
for fish and prawn species; and 

assess the effects of the proposed expansion on the commercial and 
recreational fishing resources of Shark Bay. 

The study is based on a comprehensive winter survey and follow-up summer 
survey, and on supplementary information obtained from the Department of 
Fisheries. The nursery value of both the proposed and existing ponds was 
appraised by comparing the number, abundance and size-classes of species 
sampled from these areas with those sampled from other areas in the Edel Land 
region. The latter comprised parts of Useless Inlet to the north of the proposed 
bar, part of the western shoreline of Freycinet Reach, and parts of Boat Haven 
Loop (a neighboring and unmodified Edel Land inlet). 

Data obtained by the winter and summer surveys demonstrate that the 

proposed new pond does not form a regionally-distinct nursery area, and that its 
nursery habitats for important scale-fish such as whiting will not be lost or 
diminished in value following conversion into a primary concentration pond. 
The latter conclusion is based on the fact that the first concentration pond 

behind dough's Bar (pond PU) has a fish fauna as rich and diverse as that found 
in the open waters of Useless Inlet, Freycinet Reach and Boat Haven Loop, and 
provides a nursery area for a variety a commercially-important species. 

The data also show that the first three ponds behind dough's Bar (ponds PU, 
P1A and PIB) are supporting equal, and in some cases higher, quantities of 

juvenile, immature and adult stages of commercial species than comparable 

areas in Useless Inlet and Boat Haven Loop. These species include whiting, 
yellowfin bream, sea mullet, flathead and two species of clupeid bait fish. 



LeProvost, Semeniuk & Chalmer 	 vi 

An elevated abundance of fish in ponds P0, PIA and PIB is theoretically 
consistent with enhanced primary productivity resulting from past 'fertilising' 
operations to seal pond floors. An absence of predatory sharks and little 
previous commercial fishing effort must also play a role, although lack of 
fishing pressure does not fully explain the high abundance of undersize fish. 
The high number of juvenile scale-fish implies that in-pond spawning is an 
important contributor to annual recruitment of young-of-the-year fish, but the 
existing database is too limited to assess the extent to which annual recruitment 
may be boosted by the movement of fertilised eggs, larvae and young fish 

through the tidal gates of dough's Bar. 

The area of the proposed pond does not provide a nursery for the recreationally-
important pink snapper and tailor, nor for scallops and brown tiger prawns. 
However its shallow margins are utilised by juvenile western king prawns that 
subsequently migrate to the deeper and less salty waters of Denham Sound in 
order to spawn and complete their life cycle. Denham Sound also forms part of 
the trawling grounds utilised by the Shark Bay prawn fishery, which takes on 
average some 170 tonnes of king prawn from this area. This tonnage represents 

on average 15% of the total annual catch of western king prawns taken from 
Shark Bay. 

Results of the summer survey show that the density of juvenile king prawns in 
the proposed pond area was not higher than that in the more northern part of 
Useless Inlet, whilst the highest density in the existing ponds was one third of 

that north of Clough's Bar. The marked drop in the number of king prawns 

behind this 4 km long levee can be related to the fact that access can only occur 

via the two small tidal gates, whose combined width provides an 'entrance 
window' less than 14 m wide. 

It can therefore be expected that a new levee at the northern boundary of the 
proposed pond will markedly reduce the number of king prawns that enter and 
leave the shallow nursery area of the proposed pond. This area is 11.8 km2  and 

represents approximately 0.8% of similar juvenile prawn habitat in the Edel 
Land /Freycinet region. 

The effective removal of this area from the king prawn nursery following the 

construction of the new levee will result in an estimated decrease of between 0.8 
and 6.5% in the number of adult prawns that are annually available for capture 

in the Denham Sound trawling grounds. The latter value represents an 
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ultimate 'worst-case' estimate based on highly conservative assumptions, but is 

still less than 1% of the total annual catch of western king prawns in Shark Bay, 

and is far less than annual fluctuations in the Denham Sound catch. 

In conclusion, the results of this survey show that the area of the proposed 

pond does not form a singularly rich nor regionally distinct nursery area. Its 

conversion into a primary concentration pond will not significantly affect the 

Shark Bay prawn fishery, or diminish its nursery value to a variety of scale-fish 

species utilised by the commercial beach seine fishery. The data also indicate 

that existing primary ponds P0 and P1A will continue to contain productive 

areas representing benign habitats for a variety of commercial fishes. 
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1 INTRODUCTION 

1.1 BACKGROUND 

1.1.1 Shark Bay fisheries 

The waters of Shark Bay cover an area larger than 15,000 km2  and support a 
number of commercial and recreational fisheries. The coastal shallows and inlets 
contain warm and sheltered inshore sand flats, extensive seagrass meadows and a 
number of mangrove areas. All of these act as (or contribute to) important 
nursery areas that provide protection and foraging areas for the juvenile stages of 
many of the species utilised by the commercial and recreational fisheries. 

The main commercial fisheries in Shark Bay and their value in 1985 are prawns 
($18.5 million), snapper ($3 million), scallops ($2.3 million) and whiting ($0.4 
million). The total catch in 1985 was 2,172 tonnes representing about 15% of the 
State's fishing catch (State Planning Commision (SPC) & Department of 
Conservation and Land Management (CALM), 1988). Since 1985 the value of the 
snapper fishery has declined slightly while the other fisheries have followed 
inflationary values. Recreational anglers take a significant quantity of the overall 
catch of scale fish, for example 8% of the 1985 professional snapper catch (SPC & 
CALM, 1988). 

The commercial stocks are closely managed by the Fisheries Department by way 
of a number of 'limited entry' fisheries and other regulations. Part of this 
management strategy is to ensure that fishing pressure in prospective nursery 
areas is minimised. Since Useless Inlet has long been assumed to be part of these 
nursery areas, it has been declared a prohibited area for trawling and some other 
fishing operations. Useless Inlet is, however, available and utilised by a beach 
seine fishery which targets whiting and other species including sea mullet, 
yellowfin bream and tailor. 

While the prawn, scallop and snapper fisheries are based predominantly at 
Carnarvon, the beach seine fishery operates from Denham. The value of the 
restricted-entry seine fishery has remained fairly constant in catch and inflation-
adjusted value over recent years, and in 1988 some 370 tonnes of product were 
taken whose worth was some A$700,000. This represents approximately A$50,000 
to each of the 14 presently licensed fishing units (data from the Western 
Australian Fisheries Industry Council (WAFIC)). 
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1.1.2 Solar salt field 

Shark Bay Salt Joint Venture (SBS) has operated a solar salt project at Useless 
Loop and Useless Inlet since 1969. This project currently produces and exports 
annually some 650,000 tonnes of salt worth A$12.5 million. SBS wishes to 
increase production by creating a new primary concentration pond in Useless 
Inlet, an expansion consistent with the provisions of its agreement with the State 
Government (Shark Bay Solar Salt Industry Agreement Act 1983). This pond will 
be formed by constructing a levee across Useless Inlet 6 km north of dough's Bar 
(Fig.1), and will lead to an increase in annual salt exports of 85% (550,000 tonnes) 
worth A$10.4 million. 

The area of the new pond represents 18% of existing open waters of Useless Inlet, 
and less than 1.5% of the area utilised by the Denham beach seine fishery. While 
its waters are used by this fishery, it is essentially unused by recreational 
fishermen apart from some angling activities on dough's Bar. Since Useless 
Inlet has been assumed to form a nursery area for important scalefishes and 
crustaceans (eg. pink snapper, whiting, western king prawn and/or brown tiger 
prawn), the creation of a new concentration pond has been viewed as having the 
potential to remove a possibly significant portion of the resources utilised by the 
commercial fisheries of Shark Bay. 

The Environmental Protection Authority (EPA) has requested SBS to prepare a 
Public Environmental Review (PER) of the proposed expansion. Guidelines 
provided by the EPA also note that the potential loss of a possibly regionally-
significant fish nursery area should be addressed by the PER (Appendix 1). 
Various marine surveys were therefore commissioned by SBS to evaluate this 
concern. 

This technical appendix details the methods and results of the fish nursery 
survey. The survey comprised a broad and comprehensive sampling program 
aimed at both commercial and non-commercial species, followed by a more 
specific sampling exercise to obtain further information on the distribution and 
abundance of juvenile western king prawns and western sand whiting. The first 
sampling program was undertaken in winter between 23 June and 7 July 1989. 
The follow-up exercise was undertaken between 21 January and 8 February 1990, a 
time when both young-of-the-year whiting and postlarval king prawns are 
known to be widely distributed over the shallow banks. 
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The nursery survey was also designed to complement a Fish Down Exercise held 

between May and July 1989 in the existing primary ponds behind dough's Bar 

(see Appendix 2). Combined with the results of this commercial exercise and 

with data obtained by a habitat survey (Appendix 7), the information allows an 

assessment of the significance of the new pond area to the regional marine 

resources, and whether or not it forms a distinct nursery or other valuable 

resource that would be modified or lost by enclosure behind a levee. 

1.2 OBJECTIVES AND SCOPE 

The primary objective of this study was to help determine the 'before' and 'after' 

value of the proposed new pond area as a nursery for commercial fish and prawn 

species. Important secondary objectives were to elucidate the effects of a creating 

a new pond on existing fish productivity within the proposed area, and to 

investigate the distribution and relative abundance of non-commercial species. 

The sampling regime was therefore aimed at determining the relative abundance 

and size-class distribution of important fish and decapod crustaceans both in the 

proposed and existing pond areas, as well as in comparable neighboring regions 

that were chosen to act as 'controls'. Control areas provided reference data 

enabling the nursery value of the proposed and existing ponds to be appraised. 

The roles of the selected sampling areas are as follows: 

Proposed pond - to establish present nursery status compared to other areas, 

including a more northern part of Useless Inlet; 

Existing ponds - to provide an indication of the effects of levee 

construction and pond management; 

Boat Haven Loop - unmodified inlet to provide a control area comparable 

(Browns Inlet) 	with original conditions in Useless Inlet; 

Useless Inlet 	- an. area north of the proposed bar to act as a control to the 

proposed pond area; 

Freycinet Reach - to provide another control to the proposed pond area. 

(near Useless Loop) 
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These sampling areas were also chosen on the basis of providing comparable 
areas of shallow and relatively hypersaline waters. The choice of areas within 
Boat Haven Loop allows some idea to be obtained regarding the original 
environment within the southern reaches of Useless Inlet prior to the 
construction of Reid's, Carratti's and Clough's Bars. 

1.3 ACKNOWLEDGMENTS 

The following are thanked for supplying information and/or technical advice. 

Mr L. Belotti, Professional seine fisherman, Denham, Shark Bay. 
Mr G. Finlay, Dept of Fisheries Inspector, Denham Office, Shark Bay. 
Dr B. Hutchins, Ichthyology Department, Western Australian Museum, Perth. 
Dr R. Lenanton, Fisheries Department Marine Research Laboratories, Waterman 
Mr G. Leyland, Western Australian Fisheries Industry Council, Perth. 
Dr M. Moran, Fisheries Department Marine Research Laboratories, Waterman 
Dr J. Penn, Fisheries Department Marine Research Laboratories, Waterman 
Mr M. Smith, Production Superintendent, Shark Bay Salt, Useless Loop. 

2 EOUIPMENT AND TECHNIOUE 

2.1 SAMPLING REGIME 

The winter sampling program was designed to obtain a broad and detailed picture 
of the distribution and abundance of both commercial and non-commercial 
species. 

Ten sampling areas were established for this program, of which seven were 
located in Useless Inlet (Table 1). Four of these were south of dough's Bar, ie. 
ponds P2 and P1, and the southern and northern halves of pond PU. The other 
three areas were the southern and northern halves of the proposed pond, and a 
control area (termed 'Useless Inlet'; Table 1) to north of the proposed new levee. 

The remaining three control areas outside of Useless Inlet consisted of part of 
western shoreline of Freycinet Reach near Useless Loop, and the northern and 
southern halves of Boat Haven Loop (Table 1; Fig. 2A). 
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The follow-up summer program was undertaken to elucidate the following: 

the extent to which very small, 'young-of-the-year' whiting utilise the 
existing and proposed ponds; 
the nursery status of the proposed pond area for juvenile prawns; and 
the number of these prawns that become 'trapped' behind dough's Bar. 

Pond P2 was not sampled in the summer survey since its potential role as a 
nursery area for juvenile fish and prawns was shown to be negligible by the 
winter survey. However movement of prawns into pond P2 from pond P1 was 
investigated (Section 2.3). 

In the Tables and Figures of this report, the ten sampling areas are ordered in 
terms of their location and salinity. The sequence commences with the 
hypersaline pond P2 (the southernmost portion of Useless Inlet) and progresses 
northwards through Useless Inlet, then eastwards to Freycinet Reach, and then 
southwards into the enclosed and more saline waters of Boat Haven Loop (eg. 
Table 1). This arrangement facilitates comparisons between the relative 
abundance and size range of important species in a sequence of adjacent or nearby 
areas, and helps assess the overall pattern of species distribution. 

2.2 WINTER SAMPLING TECHNIQUES (23 June to 7 July 1989) 

Sampling was conducted by beach seine and set net, and also by 'tn-net' trawling 
in those sampling areas which had a sufficient deep water. 

Five beach seine and and two set-net sites were located in 8 of the 10 sampling 
areas described above. The two exceptions were pond P2 and Freycinet Reach 
where no set-netting was undertaken, and where the number of beach seine sites 
was 2 and 3 respectively (Table 1, Fig. 2A). 

Beach seines were conducted as 'blind' daylight shots in depths up to 2 metres, 
using a 17 mm mesh pocket (with a 5 m mouth) attached to 100 m wings of 25 
mm mesh. This seine samples a surface area of approximately 6700 m2  within a 
semi-circle extending from the shoreline. 
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Sampling by set net was made overnight (1800-0800) using floating and sunken 
220 m lengths of composite net with a 2 m drop. Each composite comprised 

eleven 20 m panels whose mesh sizes increase from 37 to 100 mm in 6 mm 
increments. The floating gear was always set at right-angles to the nearest 

shoreline with the smallest mesh shorewards. The sunken composite was set in 
deep water. In addition, 100 m of 130 mm monofilament was set as an extension 

of the sunken composite. 

Tn-net trawis were made at night using a 25 mm mesh otter trawl with a 4 m 
mouth and tickler chain. Five 4-minute trawis (each 400 m in length) were 
made in those sampling areas containing sufficient water (>3 m) to allow 

effective trawling (Fig. 2A). 

After sorting each catch, biomass and abundance was recorded for each species 

(abundance in large catches being determined by sub-sampling). 	Total body 

length (or carapace) measurements were recorded for important species in each 
catch, while gonads from representatives of important commercial speci2s taken 
from various areas were also examined. 

Surface water samples from each area were taken for salinity (TDS) 

determinations at the SBS laboratory at Useless Loop, with field checks made by 
conductivity meter. Salinity depth profiles were not determined, as surface to 

bottom salinities are similar in shallow locations (Appendix 8). 

2.3 SUMMER SAMPLING TECHNIQUES (21 January to 8 February 1990) 

Set-netting and tn-net trawling were not undertaken for the summer survey 
since these techniques do not sample very small fish or prawns. Young-of-the-
year fish and prawns were sampled from their prefered shallow water habitats by 

day-time beach seining and nocturnal drag-netting respectively. Surface water 

salinities were obtained using the same methods of the winter sampling program 

(see Section 2.1). 

The beach seine sampling regime used in winter was expanded. The number of 
beach seines made in the Useless Inlet control area (north of the proposed levee) 
was increased from 5 to 8, with this area being divided into southern and 
northern halves (cf. Figs 2A and 2B). The number of seines undertaken in the 

Freycinet Reach sampling area was increased from 3 to 5 (cf. Figs 2A, 2B). Small 

differences between the location of some of the summer and winter seining sites 
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were the result of low water levels and strong summer winds, which on 
occasion exceeded 30 knots during the summer program (see Appendix 8). 

Juvenile prawns were sampled at night. Sampling was undertaken with a 3.5 m 
wide 'drag' net of 17 mm mesh that was attached to a 2 m long pocket of 9 mm 
mesh. Fitted with a wooden pole at each end, the design and operation of these 
hand-drawn drag nets are similar to recreational prawning nets. 

At each sampling site, four 'drags' (sweeps) were made in water depths between 
0.8 and 1.4 m. Each sweep lasted 7 minutes and covered a separate 250 x 3.5 m 
strip of the sublittoral platform, and thus the total surface area sampled at each 
site was 3500 square metres. The number of juvenile prawns caught in each 
sweep was recorded. After pooling the prawns from the four sweeps, the carapace 
lengths and total biomass were measured to the nearest millimetre (mm) and 
gram (g) mspectively. Carapace lengths were measured from the post-orbital 
marginto the posterior edge of the carapace. 

Most prawn sampling sites were located alongside a seining site and are coded 
accordingly. Those not clearly associated with a particular seining site were coded 
independently (Fig. 2B). Nocturnal movement of prawns between ponds was 
investigated by attaching one of the prawn nets to the mouth of the main culvert 
between ponds P1 and P2 for a period of 14 hours. This site is described in Section 
3.2. 

Prawn sampling was not started until after twilight and after moonset. Since 
sampling was undertaken in mid-summer and between the third and first 
quarters of the moon, the time when sweeps could be started moved from 2045 to 
0230 over the course of the survey. 

The number of sites sampled for prawns in each area was less than the number of 
beach seine sampling sites (Table 1). Prawn sampling was restricted owing to (i) 
the logistics of covering a large study area at a time when only limited periods of 
complete darkness were available, and (ii) a delay caused by the passage of tropical 
cyclone "Tina". 



LeProvost, Semeniuk & Chalmer 	 8 

3 DESCRIPTION OF SAMPLING AREAS 

3.1 POND P2 

Pond P2 occupies the southernmost portion of Useless Inlet. It is a large area 
containing both extensive shallows and a basin where depth often exceeds 4 m. 
This pond also contains a narrow, deep channel leading to an area 8-10 m deep 
near Unknown Island (Fig. 1). Divided for much of its length by a north-south 
levee, P2 salinities recorded in July 1989 ranged from 90.9 0/00 on the western side 
of this central levee to 103.9 °/w near the northern exit on the eastern side (see Fig. 
2A). 

Elevated salinities in P2 promote carbonate precipitation, and reconnaissance by 
dinghy when establishing beach seine sampling sites showed that the P2 bottom 
is a relatively smooth but heavily indurated and lacking areas of soft sandy 
sediments. Much of its shoreline represents a littoral extension of the limestone 
pavement, with 'sandy' beaches limited to very thin veneers of wind-driven 
sands. Only two beach seine samples were taken in P2 in the winter survey (1112; 
Fig 2A). 

3.2 POND P1 

Pond P1 comprises a northern (P1A) and southern (P1B) basin which, although 
separated by a canal, do not exhibit as wide a salinity range as that in P2. Winter 
surface salinity in P1A was 55.9 o/  (near Carratti's Bar), but reached 64.8 0/co only 
in the tail-end of P1B (near P2). Maximum surface salinities recorded in the 
summer sampling period were higher, ranging from 64.5 °/co in the south of P1A 
to 78.8 0/bo in the centre of PIB (Table IB). In contrast, to pond P2, areas of soft, sandy 
sediments were present in both portions of P1. 

Winter sampling consisted of five beach seine sites (two in PIA (11-2) and three in 
P1B (I5)), as well as floating and sunken set net sites in P1B (Fig. 2A). The same 
beach seine sites were resampled in summer, with prawn sampling sites located 
at 12, 14 and 15 (Fig. 2B). The culvert where prawn movement between pond P1 
and P2 was investigated is site Ii' (Fig. 2B). 
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3.3 POND P0 

The southern and northern halves of pond P0, the first pond behind dough's 
Bar, form two sampling areas (Figs 1, 2A, 2B). Both contain shallow areas with 
sandy and silty substrates, some of which contain the rhizomes of Halodule, 
particularly in the northern sampling area. Ruppia is also abundant on a 
seasonal basis (details on the bathymetry, benthic biota and sediment distribution 
in ponds P0 and P1 can be found in Appendices 2, 7). 

Pond P0 connects with the open waters of Useless Inlet by two one-way swing 
gates whose combined width is less than 14 m. These gates allow water to enter 
but not leave the pond, and open with incoming tides for most of the year save 
for cool wet periods in mid-winter, when evaporation rates have fallen and pond 
levels remain high. The gates are positioned in shallow water on the east side of 
dough's Bar (Fig. 1). 

While substantial inward or outward migration of fish through the gates was not 
observed in either winter or summer sampling programs, individuals or small 
groups (less than 20) of tarwhine, sea mullet and flathead were seen passing both 
inward and outward at various times when the strength of a waning flood tide 
held the gates only partly open. During these periods inward current velocities 
are reduced and the fish were able to swim out against the current. It is also 
worth noting that since water does not flow out of the ponds, fish outside the 
ponds are not actively attracted to the two 7 m wide gates because no 'attractant' 
or other signal emanates from these intake structures. 

Salinities recorded in winter ranged from 480/co at the tidal gates to 54.4 °/w near 
Carratti's Bar (Table 1; Fig 1). The salinity measured in the northern half of the 
pond (off the centre of dough's bar) was 52.2 °/cx Summer surface salinities were 
higher, ranging from 49 0/co at the tidal gates to 56.5 % near Carratti's Bar (Table 
1). 

Winter sampling sites consisted of 5 beach seine (05-IQ) and 2 set net sites in the 
southern half, while those in the northern half also included 5 trawl sites in the 
deep channel (Fig. 2A). Night trawls could not be made in the sinuous and 
narrow channel running through the southern portion. The same beach seine 
sites were resampled in summer, although sites 06 and 07 had to be shifted 
northwards owing to a very low water level (cf. Figs 2A, 2B). Prawn sampling 
sites were located at Oi, 02, 05,06 and 08 (Fig. 2B). 
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3.4 PROPOSED POND 

That part of Useless Inlet which would lie behind the proposed new levee (Fig. 1) 
was divided into southern and northern sampling areas. Surface salinities 
recorded in July 1989 ranged from 44.8 % at a point 4 km due north of the centre 
of dough's Bar, to 48.0 % in the southeastern corner (near the dough's Bar tidal 
gates). Salinities recorded in January 1990 at the same places were very similar 
(from 44.7 to 49.0 °/w respectively). 

Compared with pond P0 and the southern half of the proposed pond, the 
northern half of the proposed pond contains a far larger portion of deeper waters 
in which depths exceed 6 m (Fig. 1; see also Appendix 7). Parts of the shallow (>2 
m) sandy areas in both halves of the proposed pond have a patchy Posidonia 

australis meadow, while the deep area forms part of the main basin of Useless 
Inlet that is predominantly covered by bare carbonate sands and silts. Compared 
to more northern areas of Useless Inlet, the distribution and density of seagrass is 
patchy and sparse (see Appendix 7). 

Both halves were both sampled in winter with 5 beach seines (U1-5 and U6-10) 
and the floating and sunken set nets, with 5 trawls being made along the deeper 
basin of the northern half (Fig. 2A). Beach seine site U8 was located in winter at 
the mouth of a shallow mangrove channel which lies just to the north of the 
proposed levee (Fig. 1). Two beach seines had to be made (U8A and U8B in Fig. 

2A) because seining efficiency was reduced by a strong ebb current running out of 
this channel. These catches were merged and considered the result of a single 
seine. Both this site (U8) and seining site U7 were shifted slightly to the south for 
summer sampling because of lower water levels (cf Figs 2A, 2B). Prawn sampling 
was undertaken at U1, UB,  U3, U4, U8 and  U10  (Fig. 2B). 

3.5 USELESS INLET 

This sampling area was centred some 14 km north of dough's Bar and covered a 
10 km section of Useless Inlet (Figs 2A, 2B). The northernmost sampling site 
(seining site U14 in Figs 2A and 2B) lies just to the south of the deltaic entrance 
area which extends through the mouth of Useless Inlet (Fig. 1). The entrance 
area, which consists of a patchwork of intertidal sand banks edged with Posidonia 

and Amphibolis seagrass meadows, is not directly comparable with either the 
proposed or existing pond areas. Maximum surface salinity recorded in the 
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centre of the Useless Inlet 'control' area was 44.8 o/  in winter and 45.6 O/oD in 
summer. 

Sites sampled in winter comprised 5 beach seine sites (U11-15), two set net sites 
and 5 trawls located along the central basin. Strong south-easterly winds 
permitted only one effective beach seine to be made on the western shore during 
the winter program (U15;  Fig. 2). 

Five additional seining sites were sampled in the summer program (U16-20), with 
this control area being divided into southern and northern halves. Strong 
southwesterly winds prevented seining at winter sites Un and U12, so only four 
sites were seined in both the southern (U13, U16, U18 and U19)  and northern (U14, 
U15, U17 and U20) halves (cf. Figs 2A and 2B). Prawn sampling sites were located 
at sites U16, U17, U18 and U19 (Fig. 2B). 

3.6 USELESS LOOP COASTLINE 

Insufficient time during the winter survey precluded a full suite of samples to be 
taken in this area which, running south from the Useless Loop levee, forms part 
of the western shoreline of Freycinet Reach (Figs 1,2). This sampling area 
initially contained 3 beach seine sites (L1-3) along the western shoreline of 
Freycinet Reach. An additional 2 seining sites (L4 and L5) and 4 prawn sampling 
sites (Li, L2, L4 and L5) were sampled in the summer program, with the winter 
seining site L3 being shifted slightly to the south and away from L2 (cf. Figs 2A, 
2B). Maximum surface salinities recorded along the shallow embayments of this 
coastline were 41.1 and 44.8 % in winter 1989 and summer 1990 respectively. 

3.7 BOAT HAVEN LOOP 

The northern and southern halves of Boat Haven Loop formed two sampling 
areas. The entrance channel to Boat Haven Loop starts near Lefebre Island and is 
sinuous, twisting around intertidal and shallow subtidal sand flats (Fig. 1). The 
latter are covered in luxuriant seagrass meadows dominated by Amphibolis and 
Posidonia, and thus this region resembles the mouth of Useless Inlet. Areas of 
the sublittoral platform are colonised by Posidonia and edged by Amphibolis 
along the length of Boat Haven Loop. Amphibolis also occurs in the hypersaline 
southernmost basin that is called Browns Inlet (near Carrarang; Fig. 1). 
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Browns Inlet was not sampled as a comparison to the proposed pond as it is 
blind, hypersaline and relatively shallow, and does not have a deep channel or 
basin. Surface salinities recorded near its mouth rose from 52.20/w in July 1989 lo 
60.10/win February 1990. 

Winter surface salinities in the northern half of Boat Haven Loop ranged from 
44.8 o,/  in mid-channel to 49.1 °/w near beach seine site B9 (Fig 2A). Summer 
salinities ranged jrorn 52.0 to 53.6 °/cx Surface salinities in the southern half were 
higher, with values ranging from 49.4 to 51.7 0/co and from 53.4 to 54 0/co in winter 
1989 and summer 1990 respectively. 

Strong spring tidal currents at the time of winter sampling prevented trawling in 
the narrow deep water part of the northern half of Boat Haven Loop. One winter 
beach seine site (Bio) had to be shifted for the summer sampling program (cf. Figs 
2A and 2B). Prawn sampling was undertaken at three sites in the northern (BA, 
BB and B6) and southern (Bc, BD and B3) halves of Boat Haven Loop (Fig. 2B). 

4 RESULTS 

4.1 DISTRIBUTION OF SPECIES 

4.1.1 General description 

A total of 71 species were collected during, the comprehensive winter sampling 
program. These comprised 1 cephalopod mollusc, 7 decapod crustaceans, 9 
elasmobranchs and 54 teleosts. These species are listed systematically in Table 2, 
whereas in Table 3 they are listed according to their capture within the principle 
localities of the survey area. Only two further species were captured during the 
summer beach seine program. These comprised the four-lined trumpeter and 
coral monocle bream (Tables 2 and 3). The summer program also extended the 
range of six species found in the winter exercise. 

The number of species in each main area ranged from 4 in pond P2 to 54 in the 
proposed pond area. Of the species caught in the proposed pond, five of these 
(bronze whaler, tongue sole, mulloway, Kuiter's goby and a stingaree) were not 
collected elsewhere (Table 3). However none of these are rare or endemic to 
Shark Bay (Hutchins & Swainston, 1986; Allen & Swainston, 1988), and they 
undoubtedly occur in other parts of Useless Inlet and Shark Bay. 
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Thirty-five of the 54 species collected in the proposed pond area were also 
recorded from Brown's Inlet, while 36 of them were also taken in pond P0 and 40 
from the control area in Useless Inlet (Table 3). While the number of species 
caught in P0 (46) was identical to that recorded for Boat Haven Loop, these species 
do not represent a full overlap, with 31 species being collected from both these 
areas (Table 3). 

A decline in the number of species from pond P0 (46 species), through P1 (24 
species), to P2 (only 4 species) probably reflects the increasing salinity and 
reduction in habitat type. This would particularly hold true for pond P2 (where 
salinities were above 100 O/oo in both winter and summer), although the limited 
number of sampling sites in this area must also be taken into account. 

Table 3 shows a pattern in which species can be grouped as: 
those which were captured only in the open, less saline waters of Useless Inlet 

and Freycinet Reach (11 species); 

those collected throughout a range of salinities (51 species; 4 of which in the 
markedly elevated salinities of pond P2); 

those captured only in the more saline and protected environments (5 

species); and 

those which were found only in Boat Haven Loop (6 species). 

Based only on one full survey and a supplementary beach seine program, these 
groupings are not definitive. 

Of the considerable number of predatory sharks (representing 5 species) taken 
during both surveys, only one individual of one species (a juvenile blacktip reef 
shark) was caught behind dough's Bar (Table 3; Section 4.2.6). Several teleost 
species associated with patches of limestone rubble and coral were not captured by 
the methods employed by this survey, but were seen in Useless Inlet and Boat 
Haven Loop during the biohabitat survey (see Appendix 7). 
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4.1.2 Commercial species 

Twenty-three commercial fish and prawn species were caught during the winter 
survey (Table 3). These include bait species presently not utilised, such as the 
bony herring and Koningsberger's herring, but not the blue manna crab nor 
potentially commercial elasmobranchs such as the shovelnose ray ('fiddler 
shark'). 

Of the 21 commercial teleosts listed in Table 3, three of these are of considerable 
importance to the present Shark Bay seine fishery. These are the western sand 
whiting, sea mullet and yellowfin bream. Other species taken by this fishery and 
listed in Table 3 include tarwhine, tailor, trumpeter whiting, school whiting, 
flounder, flathead, flounder, sole and estuary cod. Most of these species are not 
specifically targeted but represent opportunistic and valuable 'by-catches'. 

Western sand whiting were found in all areas save pond P2, a distribution 
mirrored by mullet and yellowfin bream except for the lack of yellowfin in Boat 
Haven Loop (Table 3). A few juvenile brown tiger prawns were trawled from 
Boat Haven Loop, while western king prawns were caught by beach seine, trawl 
and sweep nets in all areas save pond P2 (Table 3). Very few pink snapper were 
caught; a juvenile and four adults from Boat Haven Loop and one adult from 
pond P0. 

4.2 ABUNDANCE AND BIOMASS 

A total catch of 2405 kg representing some 70,170 fish and crustaceans was taken 
during the winter sampling. Abundance and biomass data from the beach seine, 
set net and trawling sites of the 10 areas sampled in winter are presented in 
Tables 4, 5 and 6 respectively. Forty-two species (accounting for 31% of the total 
catch weight) were collected by beach seining, 37 species (68% total catch weight) 
by set netting, and 32 species (1% total weight) by trawling (Tables 4-6). 
Abundance/biomass data for juvenile western sand whiting and king prawns are 
given in Tables 8-11. 

Twenty-two teleost, five elasmobranch and one crustacean species represent over 
95% of the total winter catch by weight (ie. 2296 kg). The relative distribution of 
24 of these species throughout the 10 sampling areas are shown in the 
biomass/abundance histograms of Figures 3-27. The 24 species were selected on 
the basis of commercial importance and/or abundance. 
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The summer beach seine program caught a total of 712.4 kg of fish representing 
over 60,000 individuals. This catch comprised 262 kg of whiting and sea mullet 
(10,440 individuals), 330 kg of predatory shark species (310 individuals) and 150 kg 
of non-commercial species (some 50,000 individuals dominated by hardyhead 
species). 

Sampling areas in Figures 3-27 are ranked in the sequence described in Section 
2.1. While the number of beach seines varied between areas, direct comparisons 
can be made since the beach seine biomass/abundance histograms represent the 
averaged weights and numbers per seine, xlO. These 'standardised' seine data are 
shown in Table 7, whereas Table 4 lists the actual catches made by beach seine in 
each sampling area. 

4.2.1 Whiting (Figures 3-6) 

A catch of 98 kg representing 3,970 western sand whiting (Sillago schoniburgkii) 

was taken in winter. Trumpeter whiting (Sillago maculata) accounted for a 
further 42 kg of the total winter catch, a weight representing 474 individuals. The 
catch and number of coarse-scaled whiting (Sillago analis) and western school 

whiting (Sillago vittata) were 21 kg and 262 individuals and 6.2 kg and 541 
individuals respectively. 

Abundance of all four whiting species caught by beach seines in winter was 
higher in pond P0 or P1 than in any other area (Figs 3-6). The relatively high 
biomass but lower abundance of western sand whiting in the beach seine samples 
from the southern half of the proposed pond area reflects the interception of a 
school of adult-sized fish, a feature that also occurred with the set net samples (cf. 

Fig. 3 and Table 9; see also Section 4.3.1). 

The follow-up summer beach seine program sampled a total weight of 157.5 kg of 
western sand whiting representing 8977 individuals (Table 8). Total weight and 
number of other whiting species were 40.16 kg (N = 820) of coarse-scaled whiting, 
5.805 kg (N = 151) of trumpeter whiting, and 4.23 kg (N = 154) of school whiting. 

The larger weight and number of both juvenile western sand and coarse-scaled 
whiting caught by the summer program may reflect increased abundance rather 
than a marked rise in catchability (R. Lenanton, pers. comm.). However some 
rise in catchability as a consequence of increasing density may have occurred, 
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given the amount of sublittoral platform that had become exposed in mid-
summer. This was a result of the strong southerly winds which cause water 
levels in all regions to be lowered by as much as I m (see Appendix 8). 

juvenile western sand whiting: 

Table 9 shows the relative abundance of juvenile western sand whiting (ie. fish 
less than 21 cm in length) in the principle sampling areas in winter and summer. 
Values are adjusted so that winter data are directly comparable with those 

obtained in summer (see Table 9). Standardised numbers (sN) are also provided 
for the northern and southern halves of the principle sampling areas. 

In winter, juvenile western sand whiting were most abundant in pond P0 (sN = 
2284; Table 9). Outside the ponds, the juveniles were common in all areas in 
winter, with the next highest abundance found in the proposed pond area (sN = 
747). The highest numbers outside Useless Inlet in winter were those from 
Freycinet Reach near Useless Loop (sN =600) and the southern half of Boat Haven 
Loop (sN = 280), both values being higher than that found in the Useless Inlet 
control area to the north of the proposed levee. Lowest abundance was in north 
Boat Haven Loop (sN =156; Table 9). 

As with the winter data, abundance of juvenile sand whiting in pond P0 in 
summer (sN = 2771) was higher than in the proposed pond, despite a three fold 
increase in abundance in the latter area over its winter value (sN = 2194 vs 747). 
juvenile abundance in the northern and southern halves of pond P0 also 
exceeded that within the respective halves of the proposed pond, as did 
abundance in the first pond after P0 (iepond PlkseeTable 9). 

Although juvenile sand whiting abundance in the proposed pond in summer 
had virtually tripled, this rise was paralelled in the Useless Inlet and Useless 
Loop control areas, where standardised numbers of juveniles were 4510 (from 182 
in winter) and 2416 (from 600) respectively. Abundance in both halves of the 
proposed pond was also lower than in the comparable halves of the Useless Inlet 
control area north of the proposed bar (Fable 9). 

juvenile sand whiting were also more abundant in pond P1 in summer than winter 
(sN =1430vs360). However this increase was due to that occuring in PIA (sN = 3540 
vs308 in winter), since abundance in P1B fell from 308 to only 20 &\l) in summer. 
Changes in distribution within pond P1 probably reflect the increased summer 
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salinity in P1B (78.80/tx)), whereas the recorded summer maximum in P1A was 
only 64.50i(4 a value close lothat recorded in P1B in winter (seeTable 1). 

As with the winter program, the lowest abundance of juvenile sand whiting 
found outside the ponds in summer was in the northern half of Boat Haven 
Loop ON = 354). However abundance in the southern half of Boat Haven Loop 
(sN =1252) was similar to that in the northern halves of the proposed pond and 
existing pond P0 (sN =1254 and 1024 respectively). 

4.2.2 Sea mullet and tailor (Figures 7-8) 

A total weight of 447 kg representing 589 individuals of sea mullet (Mugil 
cephalus) was taken in winter (Tables 4, 5). Numbers of sea mullet caught by set 
net and beach seine were highest in pond P1. As with the western sand whiting, 
the high biomass in the beach seine sample from the southern half of the 
proposed pond area (Fig. 7) represents interception of an adult school (see Section 
4.3.3). 

The summer beach seine programme caught 54.73 kg of sea mullet representing 
338 individuals, which can be compared with the 73.57 kg (212 fish) caught by 
beach seine in the previous winter (Table 4). The actual catches made in summer 
were as follows: 8.67 kg (N = 181) in ponds P1B and P1A; 12.86 kg (N = 137) in 
pond P0; 12.6 kg (N = 9) in the proposed pond; 18.6 kg (N = 28) in Useless Inlet; 
and 2kg (N = 3) in the southern part of Boat Haven Loop. The distribution of 
juvenile mullet is described in Section 4.3.3. 

Tailor (Pomatomus salta for) were caught only by set net and therefore only in the 
winter programme (Fig. 8). Of the 73 fish caught (total catch weight 84 kg), the 
larger individuals were taken behind dough's Bar, reflecting the higher biomass 
in ponds P0 and P1 (Fig. 8). The higher abundance of tailor caught in the 
proposed pond area represents smaller-sized tailor (see Section 4.3.3). 

Compared with both the existing and proposed ponds, sea mullet and tailor in 
the sampling areas outside Useless Inlet were low in number or absent from both 
the winter and summer samples. 
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4.2.3 Yellpwfin bream and tarwhine (Figures 9-10) 

Total winter catch weights of yellowfin bream (Acanthopagrus latus) and 

tarwhine (Rhabdosargus sarba) were 150 kg(representing 229 fish) and 312 kg (705 
fish) respectively (Tables 4, 5). Abundance and biomass of both these species were 
considerably higher in samples behind dough's Bar than those from any other 
area (Figs 9, 10). 

Less than 30 yellowfin bream were sampled by the summer beach programme 
(from pond P0 (10), the proposed pond (15) and Useless Inlet (5)). This marked 
drop compared to the number sampled by beach seine in winter (164; Table 4) 
may be due to the warmth and shallowness of the summer beach seine sites, 
which appear not to be the prefered habitat for this species at this time of the year. 

4.2.4 Clupeid bait fishes (Figures 11-12) 

Both bony herring (Nematalosa vlaminghi) and Koningsberger's herring 

(Herk!otsichthys koningsbergeri) were present in relatively high abundance in 
pond P1. Total catches of these two species were 249 kg (representing 2234 fish) 
and 22 kg (352 fish) respectively (Tables 4-6). Outside the existing concentrators 
in Useless Inlet, only 3 more bony herring and 2 more Koningsberger's herring 
were caught from the proposed pond area and Boat Haven Loop respectively 

(Tables 4-6; Figs 11,12). 

The same distribution pattern shown in Table 4 (for the winter beach seines) was 
found by the summer seining progam. Thus only four Koningsberger herring 
(from Boat Haven Loop) and 13 bony herring (from proposed pond area) were 
caught in areas outside the ponds P0 and P1. 

4.2.5 Flathead and flounder (Figs 13-14) 

Total catch weight of the bar-tailed flathead (Platycephalus endrachtensis) and 

small-toothed flounder (Pseudorhom bus jenynsii) was 27 kg and 8.3 kg, 
representing 115 and 75 individuals respectively. Both catch weights and 
abundance of the bar-tailed flathead and small-toothed flounder were highest in 
pond P0 (Figs 13,14). 
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4.2.6 Pink snapper 

Pink Snapper are permitted to be seined by licensed fishermen south of an east-
west line through Cape Peron, but snapper catches do not form the mainstay of 
the Denham seining industry (M.Moran, pers.comm.). On the other hand, 
snapper form the focus of both the recreational fishery and the offshore line 
fishery, and thus the potential distribution of juvenile snapper was considered an 
important facet of this survey (see Section 1.1). 

Given the considerable quantities of the other two sparid teleosts caught during 
the winter survey (yellowfin bream and tarwhine), it was surprising that only 
two pink snapper (Chrysophrys unicolor) were taken during the winter program 
- an adult from pond P0 and a juvenile from Boat Haven Loop (Table 5). Only 
four pink snapper were caught during the summer seining program (lengths 25-38 
cm). These were seined from twu sites in the southern half of Boat Haven Loop. 
Anomalies in sampling method can at least be partly discounted given that 
snapper were also not caught during the commercial fishing programme that was 
held in ponds P0 and P1 immediately before the winter survey (Appendix 2). 

On the other hand, seven juvenile snapper (10-15 cm) were readily caught by bait 
and line off the temporary boat ramp on the north side of Clough's Bar during 
the commercial exercise (M. Moran, pers. comm.), yet were not caught by set net, 
beach seine or trawl in either the southern or northern halves of the proposed 
pond area. The negative results were unanticipated, given that one of the 
sunken set net sites was located in deep water justto the north of this ramp (Fig 2). 

Pink snapper are found on flat, sandy bottoms in the deeper channel areas of 
Shark Bay Inlets during their first year of life, and then congregate near rocky 
outcrops or reef within these channels during their second and third years (M. 
Moran, pers. comm.). Both these types of habitat are present in all sampling areas 
to the north and south of Clough's Bar, with the sites for the sunken set net being 
selected on this basis. 

If it is held that snapper numbers in Useless Inlet and Boat Haven Loop should 
not have been low in 1989-1990, then there are no clear reasons to explain why 
the catch of both adult and juvenile snapper was so poor. However, pink 
snapper catches by seine fishermen occur mainly in areas southeast of Cape Peron 
and in the southern half of Freycinet Estuary, and Useless Inlet has never been a 
focus of the Shark Bay recreational pink snapper fishery (M. Moran, pers.comm.). 
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4.2.7 Prawns (Figure 27; Tables 6,7 and 10) 

As with commercially-important teleosts, the distribution of prawns is an 
important facet of the survey (see Section 1.1). For example, king prawns taken 
from Denham Sound by Carnarvon prawn trawlers probably utilise the 
southwest portion of Shark Bay (including Edel Land Inlets) during their 
juvenile stages (R. Lenanton, pers. comm.). 

Six juvenile brown tiger prawns (Penaeus esculentus) were taken by three of five 
trawis in the south of Boat Haven Loop (0.095 kg; Table 6), a sampling area 
containing Posidonia and Amphibolis seagrass meadows (Section 3.7; also 

Appendix 7). The absence of brown tiger prawns from all Useless Inlet trawls can 
be related to the patchiness of Posidonia and virtual absence of Amphibolis south 
of the entrance area, and to the presence of bare sands along much of the Useless 
Inlet basin (Appendix 7). The latter is not the prefered habitat for this species 
(Penn & Stalker, 1979). 

In contrast to the brown tiger prawn, the western king prawn (Penaeus 

latisulcatus) is a more efficient burrower and is found predominantly on areas of 
bare sand, with juveniles favouring shallower areas of silty or sandy sediments 
(Penn & Stalker, 1979). As with most prawns, emergence from burrows and 
foraging is mainly nocturnal. However, feeding activity is also determined by 
water temperature, with cool winter temperatures causing a considerable decline 
in nocturnal activity and catchability (Penn & Stalker, 1979). 

Most juvenile prawns leave the shallower nursery areas in autumn and migrate 
towards the spawning and trawling grounds located in the deeper waters of Shark 
Bay (Penn & Stalker, 1979; Penn, 1980; Bowen & Hancock, 1982). Thus only a 
small number (N = 29) of western king prawns were caught during the winter 
sampling period (0.342 kg; Tables 4, 6; Fig. 2),  whilst 1249 juvenile western king 
prawns (1.231 kg) were caught along the inshore shallow banks during the 
summer program (Table 10). 

juvenile brown tiger prawns were not caught from any area during the summer 
program. This result is not surprising since nearshore seagrass beds were not 
targeted by the prawn sampling program, and brown tiger prawns are not taken 
in commercial quantities from the Denham Sound trawling ground 
(J.Penn, pers.comm.). Five juvenile coral prawns and less than 30 juvenile school 
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prawns were caught, over half of the latter from behind dough's Bar. 

While no prawns were caught moving from pond P1 into pond P2 in January 
1990, approximately 20 kg were collected from the same culvert by the same 
method on 16 December 1989 (M. Smith, pers. comm.). A 2 kg subsample (221 
individuals) was frozen for subsequent analysis during the summer program. 
No western king prawns were present in this sample, which consisted entirely of 

school prawns (Metapenaeus dalli). Carapace lengths ranged from 14 to 21 mm 

(measured N = 106; Table 11). 

Juvenile western king prawns 

The number of juvenile king prawns sampled in summer from the Useless Inlet 
control area (north of the proposed levee) was almost the same as that from the 
proposed pond area (sN = 435 versus 428; Table 10). These values represent 
virtually identical sample densities of just over 2 prawns per 100 square metres 
(see Table 10). Sample density in Freycinet Reach near Useless Loop was slightly 
lower (1.41 prawns per 100 m2),  and was lower again in both areas of Boat Haven 
Loop (0.59 and 1.05 per 100 m2; Table 10). The lowest sample density (0.27 per 100 
m2) was found in pond P1. 

Sampling dates and time of moonset are listed in Table 10. The proposed pond 
area and existing pond P0 were sampled for prawns under ideal conditions 
between 21-26 January 1990 (ie. moonsets before dusk, and high evening water 
temperatures before the passage of Cyclone Tina). By contrast, and compared to 
control areas in Useless Inlet and Freycinet Reach, sampling in Boat Haven Loop 
did not commence until after the passage of cyclone Tina (5-6 February 1990). The 
latter period marked a phase when the moon did not set until after 0200 (Table 
10), by which time water temperature over the inshore shallows was cooler than 
in the evenings. 

Prawn activity (and hence catchability) is strongly correlated with both the phase 
of the moon and water temperature (eg. Penn & Stalker, 1979; Penn, 1980; WA 
Fisheries Department, 1990). It is therefore likely that the low sample densities in 
northern and southern Boat Haven Loop are at least in part due to less 
favourable environmental conditions at the time of sampling, rather than soley 
reflectingaller prawn numbers in thisinlet 
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Ignoring the changes in sampling conditions outlined above, the sample 
densities do not indicate that the proposed pond is a regionally-distinct nursery 
area, but show that the sample density of king prawns in the area between 
dough's Bar and the deltaic entrance to Useless Inlet (2.07 per 100 m2)  were 

higher than densities recorded in Freycinet Reach and Boat Haven Loop (1.41 and 
1.06 per 100 m2 respectively; Table 10). 

Sample densities in ponds P1 and P0 were only 13% and 33% of that in Useless 
Inlet respectively (Table 10). Such values from behind dough's Bar do not 
indicate that existing ponds form a major 'trap' that removes a large number of 
prawns from the Shark Bay commercial fishery. The data are discussed further in 

Section 4.3.6. 

4.2.8 Sharks (Figures 15-19) 

The total catch of shovelnose rays ('fiddler sharks') in winter was 173 kg (Tables 
4,5). This species was most abundant in pond P0 (Fig. 15). 

Of the considerable number of predatory sharks taken during the winter survey 
(266 kg representing 5 species), only one juvenile of one species (black-tip reef 

shark; Carcharhinus melanopterus) was caught behind dough's Bar (Fig. 16). By 
contrast, consistently high numbers of this and three other species (sickle-fin 
weasel shark (Hemigaleus microstorna), brown-banded cat shark (Chiloscyllium 

puncta turn) and nervous reef shark (Carcharhinus cautus) were caught in all 

areas outside the existing ponds where set nets were used (Figs 16-18). 

Four bronze whalers (Carcharhinus brachyurus) were caught by beach seine on 
the western shore of the proposed pond area in winter (Table 4). In the summer 
program, a large number of juvenile black-tip and nervous reef sharks were 
caught in single beach seines in both the proposed pond iN = lOir) and northern 
half of Boat Haven Loop (N = 187). 
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4.2.9 Non-commercial species (Figures 20-27) 

After accounting for the weight of the above commercial species caught in winter 
(1911 kg), most of the remaining winter catch (494 kg) comprised 392 kg of the 
following 11 species; 

Western butterfish (Pentapodus vitta) 
Blue manna crab (Portunus pelagicus) 
Snubnose garfish (Arramphus scelerolepsis) 
Pike (Sphyraena sp.) 
Robust garfish (Hyporamphus robustus) 
Longtom (Strongylura leiura) 
Roach (Gerres subfasciatus) 
Yellowtailed trumpeter (Am nia taba caudavittatus) 
Sixlined trumpeter (Pela tes sexlinea tus) 
Hardyheads (mainly Pogilbyi and A.mugiloides) 

4.5 kg 
7.0 kg 
9.7kg 

14.6 kg 
28.3 kg 
34.0 kg 
34.6 kg 
42.4 kg 

105.5 kg 
111.0 kg 

Although hardyheads accounted for only 4.6% of the total catch weight, they 
represent 69% of the total number of fish caught during the survey (Table 4). 
Their relative abundance and biomass are shown in Figure 19. 

Pike (Fig. 20) and slender longtom (Fig. 21) appear to have distinct and starkly 
contrasting distributions with a minimal overlap just to either side of dough's 
Bar. The relative biomass and abundance of the western butterfish virtually 
mirrors that of pike (Fig. 22), while the relative abundance of roach (Fig. 23) and 
yellowtail trumpeter (Fig. 24) are far more ubiquitous. The catch weights and 
numbers of the sixlined trumpeter were highest behind dough's Bar and in Boat 
Haven Loop (Fig. 25). Abundance and biomass of the blue manna crab, which 
was sampled from all areas except pond P2, Useless Loop and the northern half of 
Boat Haven Loop, is shown in Figure 26. 

4.3 SIZE-CLASSES OF COMMERCIAL SPECIES 

The size-range of western sand whiting, trumpeter whiting, sea mullet, tailor, 
yellowfin bream, tarwhine, bony herring, bar-tailed flathead, small-toothed 
flounder and juvenile king prawns in each area are shown in the 
length/frequency histograms of Figures 28-37. In these figures, low sample 
numbers from adjacent areas have been combined to produce the 
length/frequency plots (eg. the southern and northern halves of pond P0). 
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Interpretations of length / frequency plots representing sequential time intervals 
can determine variations in recruitment, growth and age-class distribution 
among sampling areas and regions. While interpretations of length/frequency 
plots from single or two 'time-frames' are limited in scope, some useful 
deductions can still be made. 

4.3.1 Western sand whiting (Figure 28A,B; Table 9) 

The presence of large fish in the proposed pond area in winter (21-36 cm size-
class; Fig. 28A) reflects the interception of an adult school by a beach seine 
(Section 4.2.1). Length-frequency distributions of both similar-sized and larger 
western sand whiting caught in pond PU during the commercial program, are 
given in Appendix 2. 

Winter length/frequency data: 

juvenile western sand whiting with a size range of 3-9 cm represented 'young-of-
the-year' fish (ie. 0+ fish, less than 1 year old). This size-class was found in all 
sampling areas except ponds P1 and P0 (Fig. 28A). In the latter areas, large 
numbers of juvenile whiting in size groups ranging from 4-11 cm, 6-16 cm, 7-13 
cm and 11-19 cm were collected (Fig. 28A; Table 8). The in-pond size classes 
represent rather distinct groups not predominant in the other areas sampled at 
this time. Only 1 juvenile whiting less than 6 cm long (a 4 cm individual) was 
caught behind dough's Bar (in pond P0) in winter. 

The instantaneous size-class samples obtained for winter do not reveal whether 
the small sand whiting within ponds P1 and PU were either: 

0+ and 1+ age-classes that are growing faster in the ponds to produce the 
larger size ranges, 

0+ and 1+ whiting growing normally but reflecting earlier spawning periods, 
or 

mixtures of 0+ and 1+ whiting representing a migratory pattern of 
typically >6 cm individuals into more saline and protected waters 	(ie. a 
movement of >6 cm whiting from Useless Inlet into the ponds). 
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Summer length/frequency data: 

The possibility that the existing ponds do not provide habitats suitable for very 
small whiting, and are relying on the extraneous recruitment of 6+ cm juveniles 
from Useless Inlet (as in (iii) above) was one of the main reasons for the follow-
up summer program. 

Inspection of the summer abundance and size-class distribution demonstrates 
that ponds P0 and P1A do provide habitats suitable for very small sand whiting 
in the first few months of life (Table 9; Fig. 28B). Thus in summer, young-of-the-
year juveniles less than 6 cm in length were common throughout all sampling 
areas, and were most abundant in ponds PIA, P0, the proposed pond, Useless 
Inlet and Freycinet coastline (Table 9). In pond P1 A, the size range of this 0+- age-
class was slightly larger Oe. 4-10an versus 2-9cm;see Table 9 and Fig. 28B). 

The standardised length-frequency data in Table 9 show that in summer 0+ fish 
in pond P0 (sN = 1308 at lengths between 2-9 cm) and pond P1A (sN = 2445 at 
lengths between 4-10 cm) were as abundant as those in the proposed pond area 
(sN = 1626 between 2-9 cm). However the greatest abundance occurred in the area 
to the north of the proposed levee (sN = 3674 at lengths between 2-9 cm) and, as 
in winter, the second highest abundance outside the existing ponds (sN = 2378) 
was along the Freycinet Reach coastline near Useless Loop (Table 9). 

The next predominant size-class in the summer data (c. 11-22 cm) probably 
represents mostly 1+ age-class fish, and these were most abundant in pond P0, 
and common in all principal areas except in Freycinet Reach and northern half of 
Boat Haven Loop (Table 9). 

Recruitment: 

The spawning period of western sand whiting is protracted, and lasts from spring 
to mid-summer (Lenanton, 1970). While fish spawn more than once, the length 
of this season (five months) is due to differences in the time of maturation of 
individuals rather than their repeated spawning over the entire period between 
September and January (Lenanton, 1970). 
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With this information, the following points regarding the differences between 
the winter and summer size-class data can help elucidate the pattern of in-pond 

recruitment: 

in July, very small whiting with length modes of 3 and 4 cm were present all 
principal areas except those behind dough's Bar. These fish were probably 
spawned in summer. The absence of this size-class from the ponds in July 
indicates that summer spawning did not take place behind Clough's Bar, 
and that the eggs, larvae and/or small fish produced by this final part of the 
spawning period in Useless Inlet did not move through the restricted 14 m 
tidal gate entrance to enter the ponds during late summer and early 

autumn. 

in January/February, larger numbers of very small whiting with length 
modes of 4 and 5 cm were present in all areas including the ponds (those in 
pond P1A had a length mode of 6 cm). This suggests that in-pond spawning 
was successful in spring, or that a very large number of eggs, larvae and/or 
small fish must have entered through the small tidal gates during spring 

and early summer. 

Recruitment through the tidal gates is dependent on the amount of water 
flowing into the ponds. It is therefore important to recognise that tidal flow 
through the gates occurs throughout the year, but is weakest between November 
and February as a result of the strong southerly winds and low regional water 
levels which prevail over summer (Appendix 8). It is also worth noting that in 
1989 the gates were left open throughout summer and early autumn, and were 
not closed until the 25 April. They were then re-opened between 17 and 24 May 
and between 21 and 24 June. They were then closed until 7 September. 

The equal opportunity for extraneous recruitment to occur during both spring 
and autumn, and the large number of 2-10 cm whiting in the ponds in 
January/February compared with the previous June/July,  implies that spawning 

did occur inside the ponds during the spring. 

On the other hand, the existing data do not reveal the extent to which this 
recruitment may have been boosted by the movement of eggs, larvae and 
postlarval stages before tidal flow slowed down in late October and early 
November. However, it is also worth noting that the volume of water which 
enters pond P0 through the narrow gates on the high tide is only some 0.7% of 
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the tidal prism in Useless Inlet, and thus the opportunity for the ponds to receive 
eggs and larvae in quantities comparable to the waters beyond dough's Bar is 
highly restricted. 

4.3.2 Other whiting species (Figure 29) 

The smallest size groups of trumpeter whiting in winter were found in Boat 
Haven Loop (2-10 cm) and in ponds P1 (8-14 cm) and P0 (7-17 cm), suggesting a 
distinctive preference for the young of this species to remain and/or move into 
more saline and protected environments (Fig. 29). Unlike the western sand 
whiting, very low numbers of juveniles were caught on the inshore shallows by 
the follow-up summer program. Thus it is not clear whether the smallest fish 
found in the ponds in winter (which were larger than those from Boat Haven 
Loop) represent either the progeny of an earlier spawning period, a faster growth 
rate, or a combination of both these features. 

In winter, a large number of small (<10 cm) western school whiting and coarse-
scaled whiting were caught in pond P0, with small coarse-scales also being caught 
in the proposed pond area. Only seven western school whiting over 15 cm were 
caught in this survey (in P0; Table 5) and none were taken during the commercial 
exercise (Appendix 2). Similarly, only a few large (>20 cm) coarse-scaled whiting 
were taken, while adult-sized representatives of this species made only a minor 
contribution to the whiting catch of the Fish Down Exercise in the ponds 
(Appendix 2). 

4.3.3 Sea mullet and tailor (Figures 30-31) 

The smallest definitive size group of sea mullet in winter (12-20 cm) was found 
in pond P1. This group probably represents year-old fish, a few of which were 
also caught in pond P0 and in the proposed pond area (Fig. 30A). A 2 cm 
individual caught in the latter area presumably represents the very first of the 
winter's spawning (Fig. 30A). This series of length/frequency plots reflects a trend 
of smaller-sized fish in more saline areas, as was also the case in 
length/frequency plots obtained during the commercial exercise (Appendix 2). 

The above pattern was repeated in the results from the summer program, 
wherein the smallest size group (3-9 cm) was found in pond P1 (including PIB). 
A large number of mullet between 11 and 30 cm (which appears to represent to 
two distinct age-classes) were caught in pond P0 (Fig. 30B), whereas outside the 
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ponds, only 8 individuals less than 30 cm in length were caught. These were 
sampled from the northern half of the Useless inlet control area (Fig. 30B). 

Tailor less than 28 cm were not caught in the survey, the smallest fish being 
caught in the open waters of Useless Inlet. Since the largest were found in the 
more saline and enclosed waters of ponds P1 and P0 and Boat Haven Loop (Fig. 
31), these data support other evidence that tailor spawn offshore and move into 
Shark Bay inlets as immature young adults. 

4.3.4 Yellowfin bream and tarwhine (Figures 32-33) 

Small yellowfin bream were caught in the proposed pond area (size dass 6-11 cm) 
and in pond P1 (size class 10-16 cm; Fig. 32). Large individuals (>44 cm) were 
taken throughout Useless Inlet and ponds P1 and P0, the largest being caught in 
southern half of P0 (Fig. 32). Very large yellowfin bream were also taken from 

this portion of P0 during the Fish Down (Appendix 2). 

The smallest tarwhine sampled (size range 10-13 cm) were caught in pond P1, 
whilst tarwhine between 12 and 17 cm were caught both in P0 and in the area of 

the proposed pond (Fig. 33). 

4.3.5 Bony herring. flathead and flounder (Figures 34-36) 

The smallest bony herring were caught in the southern half of pond P0 (size 
range 3-11 cm). Fully-grown bony herring were captured in both ponds P1 (size 

range 20-33 cm) and P0 (size range 16-27 cm; Fig.34). 

Very small bar-tailed flathead (size range 3-8 cm) were captured in the proposed 

pond area and further north in Useless Inlet, in Freycinet Reach and in Boat 
Haven Loop (Fig. 35). The smallest bar-tailed flathead caught behind dough's 
Bar formed a 13-20 cm size group in pond P0 (Fig. 35). Large flathead (20-50 cm) 
were found in all areas, although most of these were taken behind dough's Bar. 

The smallest small-toothed flounder (3 cm) was caught in Boat Haven Loop, as 

was the largest flounder outside dough's Bar (26 cm; Fig.36). The smallest size 
group (4-14 cm) was found in the area of the proposed pond, although this group 
overlapped with a 7-14 (or 7-27 cm depending on interpretation) group in P0. 
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The largest flounder (31-35 cm) were from P0 (Fig. 36). 

4.3.6 Western king prawns (Figure 37) 

Carapace lengths of all the juvenile western king prawns caught in the summer 
survey are shown in Table 11 and plotted as length/frequency histograms in 
Figure 37. The mode of the single size class recorded in all areas ranged from 10 
mm in the proposed pond and 9 mm in Freycinet Reach, to 13 and 15 mm in 
ponds P0 and P1 respectively. The highest mode outside the existing ponds (12 
mm) was found in the southern of halves of both the proposed pond area and 
Boat Haven Loop (Fig. 37). 

Since rates of moulting and growth in crustaceans are highly temperature 
dependent, the markedly larger size ranges found behind Clough's Bar and in the 
southern part of Boat Haven Loop probably reflect the warmer summer 
temperatures in these areas. The influence of temperature on growth rates also 
accounts for the location of the smallest modal group (9 mm) which was found 
in Freycinet Reach, the only sampling area located in the cooler waters beyond 
the inlets. 

The marked difference in the size range behind Clough's Bar was apparent at all 
sampling sites, with no 'size-gradient' between sites closest to the tidal gates and 
those at more distant locations in pond P0 (Table 11). This feature, together with 
the marked drop in density immediately behind Clough's Bar, implies that 
recruitment into the ponds was the result of the initial influx of the pelagic larval 
stages during spring (rather than from a continuous 'drain' of postlarval 
juvenile stages which had settled in the proposed pond area). 

5 DISCUSSION 

5.1 DIVERSITY 

The area of the proposed concentration pond does not contain a fish fauna 
substantially richer or more diverse than those found in either the first 
concentration pond behind Clough's Bar (pond P0), the more northern waters of 
Useless Inlet, or Boat Haven Loop. Moreover, the number of commercial species 
in the proposed pond area was virtually equal to that in pond P1 as well as in P0. 
Commercial species were higher in number in pond P1 than in Boat Haven 
Loop, and the primary salt pond (P0) contains an equally high diversity of fish as 
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other embayment habitats within the Edel region of Shark Bay. 

5.2 PINK SNAPPER 

There appears to be no significant juvenile or adult stocks of pink snapper within 
either the present and proposed ponds or in the other study areas. Reasons as to 
why substantial quantities of pink snapper were not found in any area of this 
survey are unclear, but the apparent lack of a significant stock within Useless 
Inlet accords with Fisheries Department data for both beach seine and 
recreational fisheries (see Section 4.2.6). 

5.3 WESTERN KING PRAWNS 

5.3.1 Existing ponds 

Given the existing data on the natural life cycle of western king prawns in Shark 
Bay, it is unlikely that individuals of this species can reach full adult size and 
successfully spawn within the salt ponds of Useless Inlet. 

It is therefore assumed that the presence of juvenile king prawns in the primary 
pond system in mid-summer (at densities ranging from 0 to 33% of those in the 
open waters of Useless Inlet) reflects the result of limited planktonic recruitment 
through the tidal gates. There are no trends in the abundance and size of the 
king prawns among the in-pond samples suggesting that in-pond mortality is 
higher than in Useless Inlet, or that pond P0 was receiving a 'continuous supply' 
of larvae and/or postlarval stages during spring and summer (in fact the sample 
data suggest the opposite). 

5.3.2 Proposed pond 

The area of proposed pond is 26.9 km2, of which 43% (11.8 km2) is less than 2m 
ep and comprises the prefered shallow habitat of juvenile king prawns. The 

rest of the Edel Land/Freycinet nursery area (exduding the hypersaline areas in 
southern parts of inlets and Freycinet Harbour) is 1430 km2. This value was 
determined from RAN hydrographic chart AUS 331 by tracing the 1 fathom 
contours with a planimeter. 

juvenile western king prawns were found to be common in shallow waters 
throughout the entire survey area, and thus the data indicate that the proposed 
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pond does not form a substantial nursery of major regional significance to the 
Denham Sound prawn fishery. Although the density of juvenile king prawns 
throughout the open waters of Useless Inlet may be higher than that in Boat 
Haven Loop or Freycinet Reach, the following two analyses demonstrate that 
levee construction (and subsequent loss of the shallow habitat within the 
proposed pond area) should not cause a noticeable decline in annual catches 
taken from the Denham 'Sound trawling grounds. Details on the annual western 
king prawn catch from Denham Sound and from the whole of Shark Bay are 
provided in Table 12. 

Both analyses estimate the effect on Denham Sound trawl grounds by treating the 
sample densities obtained during the survey as density/area measures, whose 
value reflects each area's relative input to the annual catch from Denham Sound. 
This approach assumes that the instantaneous measures obtained for each 
sampling area remain constant (ie. the movements of pelagic stage and juvenile 
king prawns in and out of each sampling area are not markedly different). It also 
assumes that mortality in the open-water areas is similar. 

1 Conservative 'worst-case' analysis: 

This analysis is based on the following very conservative assumptions: 

the density of juvenile king prawns throughout the new pond (including 
unfavourable deep area) is as high as that measured over the 43% of prefered 
shallow water area; whereas 

density in the deeper waters (>2 m) of the remainder of the Edel Land/Freycinet 
nursery is zero; 

the overall density in prefered shallow habitat of Edel/Freycinet nursery is 
assumed to be no more than the lowest value recorded outside the existing 
pond area during survey (ie only 29% of that found in both the proposed pond 
and rest of Useless Inlet; Table 10); and 

the number of prawns becoming 'trapped' behind the new levee of the proposed 
pond will be the same as that presently entering this area. 
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Assumptions (i) and (iv) both allow for two possibilities: 

a very high in-pond mortality (in case the low sample density values found 
within the ponds do not solely reflect a restricted immigration); and 

an already saturated 'carrying capacity' of shallow water areas north of the new 
levee (ie. insufficient resources in the remainder of Useless Inlet for any extra 
juvenile prawns annually 'displaced' from the proposed pond). 

Moreover, assumption (iii) (ie. the use of the 29% sample density from north Boat 
Haven Loop) makes no allowance for the changed sampling conditions that probably 
caused the low values obtained in Boat Haven Loop (see Section 4.2.7). 

Subtracting the instantaneous density! area values representing the proposed pond 
area (26.9) from that for the rest of the Edel/Freycinet nursery (1430 x 0.29%) provides 
a 'worst-case' reduction of 6.5% of king prawn input into the Denham Sound trawling 
ground. This percentage is smaller than variations in the catch per unit effort from 
this ground (Table 12). Representing less than 1% of total annual king prawn catch 
from Shark Bay, this value is also less than annual fluctuations in overall catch (Table 
12). 

5.3.2 Realistic analysis: 

This assumes the following: 

(i) 	area of nursery lost is 11.8 km2  (ie. the prefered shallow habitat of proposed 
pond); 

(i) 	the number of postlarvae moving into the new pond will be reduced by 50% 
(data implies movement into existing P0 is reduced to at least 33%) 

(iii) overall density in the remainder of the Edel/Freycinet nursery is 50% of that 
found in both Useless Inlet and the proposed pond (a value also less than that 
obtained for Freycinet Reach; see Table 10). 

These assumptions still allow for a higher in-pond mortality. Subtracting the 
instantaneous density/area values representing the proposed pond area (11.8 x 0.5) 
from rest of Edel/Freycinet (1430 x 0.5) implies that the new levee will reduce the 
input of king prawns into Denham Sound trawling ground by 0.8%. This value, 
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representing a theoretical loss of some 1800 kg, is less than 0.12% for overall Shark Bay 
catch (Table 12). 

Between 1982 and 1989 the Denham Sound trawling grounds have yielded on average 
some 10-15% of the total western king prawn catch from Shark Bay (Table 12). During 
this period, the average variation in the annual catch per unit effort at Denham 
Sound has been 23% (Table 12). Given this apparent level of 'background noise' (ie. 
fluctuations due to natural events and processes), the above predicted reductions 
(6.5% and 0.8%) imply that it will be very difficult (if not impossible) to detect any 
overall reduction caused by the new pond. 

5.3.3 Alternative approaches 

Given that the total shallow water area of the proposed pond covers some 
12 km2, direct extrapolation of the sample density data implies that some 250,000 
juvenile prawns may have been present (at 2.07 prawns per 100 m2), and that 
some 33% of this number may become trapped inside the new pond each year. 

Such extrapolations of the sample data have marked limitations, however, as it is 
not possible to gauge how closely the sample densities reflect the actual densities 
of juvenile king prawns, nor do these instantaneous data reveal how many 
juvenile prawns are moving through and utilising a shallow water area each 
year. 

Nevertheless, an allowance for these unknowns can be made if it is assumed that 
all 83,000 juvenile prawns potentially trapped inside the new pond could have 
survived to adulthood, and that all could have been subsequently captured on 
Denham Sound by the commercial fishery (ie. assume zero mortality and 100% 
catchability). These very conservative assumptions imply that the proposed 
pond would each year remove some 6.5 tonnes of adult prawns from the annual 
Denham Sound catch (ie. less than 4%). 
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Approaches which attempt to utilise the predicted 18% reduction in the tidal 
prism of Useless Inlet (see Appendix 8) are more seriously flawed. For example, 
it is not possible to directly apply this value and assume that there will be an 
equal reduction in the number of prawns entering and then leaving the Inlet 
because: 

the number of postlarvae moving into any nursery area can safely be assumed 
to be at least 100% more than its 'carrying capacity'; and 

larvae/postlarvae immigration is not a random or passive event governed 
purely by physical forces alone, but is actively assisted by behavioural traits. 

The latter point helps explain why postlarval king prawns in Shark Bay are able 
to move southwards during spring and summer and into the various inlets 
against wind-enhanced northerly currents and wind-enhanced ebb-tidal flows 
(see Appendix 8). It is also helps explain the apparent relatively high density of 
juvenile prawns inside pond PU, despite the fact that the 'entrance window' in 
the 3.5 km length of Clough's Bar is only 14 m wide. 

5.4 SCALEFISH NURSERY VALUE 

5.4.1 Proposed pond 

Of the commercially-important scalefish species, only sea mullet and tailor were 
found in higher numbers in the proposed pond area than in control areas beyond 
the pond system. However, the proposed pond did not contain the largest 
numbers of the smallest length-frequency groups of sea mullet encountered in 
this survey, which were found in ponds P1 and PU. Although sea mullet are 
widespread throughout much of Shark Bay, juveniles were not caught in Boat 
Haven Loop or in the control area near Useless Loop. 

Since tailor spawn at sea and probably enter Shark Bay inlets as immature adults, 
this species does not re'y on shallow and relatively hypersaline areas for its 
nursery or breeding grounds. 

While the proposed pond area does contribute to the nursery requirments of 
western sand whiting, the results of this survey strongly indicate that its value 
will not be diminished, and will most likely be enhanced. The data also indicate 
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that the proposed pond does not represent a key spawning area for whiting, since 
substantial numbers of very small sand whiting (ie. the young-of-the-year) were 
also found in areas north of the proposed levee, in Freycinet Reach and in the 
existing pond system. 

5.4.2 Existing ponds 

The fish fauna of ponds P0 and P1 includes both immature and fully-grown 
representatives of many commercially important species (eg. the sand, school and 
trumpeter whitings, tarwhine, yellowfin bream, sea mullet, flathead, flounder 
and garfish), as well as those of clupeid bait fishes such as bony herring and 
Koningberger's herring. Stocks of some of these species were possibly larger in 
pond P1 (ie. P1A and/or P1B) than in P0, particularly during winter. 

While the very low diversity of fish in pond P2 may be linked to the limited 
sampling of this area, the rapid drop in species number in this portion of the salt 
ponds is also explained by elevated salinities, a lack of soft sediments and an 
increase in carbonate precipation. 

Within ponds P0, PIA and P1B, the abundance and biomass of many of the 
commercially important teleost species appears to be considerably larger (in some 
cases possibly over 5 times larger) than in both comparable areas of open water 
north of Clough's Bar and in areas sampled to the east and south of Useless Inlet 
(ie. the western Freycinet and Boat Haven Loop). Only tailor had a higher 
abundance (but lower biomass) outside the ponds. 

This survey also indicates that, compared to the proposed pond and to similar 
habitats within Boat Haven Loop, ponds 0, 1A and lB form a productive area that 
supports equal, and in some cases higher, quantities of juvenile and immature 
stages of commercially important species. The elevated abundance and biomass 
of fish in ponds PU and P1 can be related to the following features: 

enhanced primary productivity (producing fine, high-organic sediments 
supporting an elevated benthic fauna) that is most likely the result of past 
'fertilising' operations to seal the pond floors (Appendix 7); 

a virtual absence of predatory sharks that occur in large numbers to the 
north of dough's Bar; 
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only a sporadic previous commercial fishing effort (although this does not 
explain the relatively high biomass of undersized fish). 

The amount of western sand whiting sampled from behind Clough's Bar in 
January/February 1990 suggests that this species spawns within the ponds during 
the spring, although a protracted spawning period that extends into the summer 
months elsewhere in Shark Bay may not occur. 

6 CONCLUSIONS 

Results obtained for the proposed pond area, when compared to those for the 
range of other areas sampled during this study, indicate the following: 

the area of the proposed new pond does not form a singularly rich scalefish 
nursery of major regional significance to either the commercial beach seine or 
recreational snapper fisheries; 

nursery habitats utilised by key commercial scale-fish species in the proposed 
pond area will remain following construction of a levee; 

stocks of important commercial species within the proposed pond area will not 
be lost (and some probably enhanced) by its conversion into a primary 
concentration pond; and 

loss of the shallow nursery area for western king prawns following levee 
construction is highly unlikely to cause discernible alterations to future annual 
catches of king prawn trawled from Denham Sound. 

The results also suggest that, as with the existing ponds, the proposed pond will 
become a large and reasonably self-contained nursery area that will provide 
productive and sheltered habitats. 
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The present data indicate that recruitment of key commercial species in the 
existing ponds is not inadequate. For example, a very high level of sand whiting 
recruitment had occured in ponds PD and P1A by the summer of 1990, much of 
which apparently stemming from in-pond spawning during the spring. 
However, it is recognised that the existing database is too limited to determine 
whether sufficient in-pond whiting spawning occurs each year to sustain an 
economic level of harvesting based soley on this species, since the amount to 
which recruitment is boosted by spawning activities along the length of Useless 
Inlet and in Freycinet Reach cannot yet be precisely determined. 

On the other hand, a controlled commercial fishing program based on harvesting 
the wide variety of commercial species that will be available in both the proposed 
and existing ponds would appear to be both sustainable and economically 
attractive (see Appendix 2). Such a program would at the same time yield 
valuable data for improving in-pond production and future catches. 

While the conditions in pond P2 imply a fall in the commercial and nursery 
value of P1B (the southern portion of P1) following construction of the proposed 
levee, the present status of both ponds P0 and P1A strongly indicate that the 
abundance and biomass of important commercial species in these ponds will not 
be reduced. This is because their salinity following the creation of a new pond is 
predicted to remain below values presently reached in pond PIB (see Volume 1). 

In terms of conservational and/or aesthetic aspects, the potential for the proposed 
pond to cause serious adverse or deleterious impacts to non-commercial species 
of fish and crustaceans is considered negligible. Whether or how the proposed 
pond is to be fished for commercial species remains to be resolved as a policy 
decision, for under normal circumstances the right to fish would be alienated in 
deference to salt production under the existing Shark EAY.  Solar Salt Industry 
Agreement Act, 1983. 
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TAULE 1 

DESCRIPTION OF SAMPUN6 AREAS AND SAMPLING DETAILS 

Winter Summer 
Surface Surface Number Number Number Number 

LOCALITY Sample salinity' salinity' of beach of set of prawn 

(principal area) area (ppt) (ppt) seines nets trawis sites 

POND 2 P2 103.9-90.9 +120 210 0 0 0 

POND 1 P1A/PiB 55.9 - 64.5 64.5 - 78.5 5/5 2 0 4 
(P15) I 

raoorrrc RAP 

POND 0 P0 SOUTH 54.4 56.5 5/5 2 0 
5 

P0 NORTH 55.0 49.0 5/5 2 5 

(1 flhIGHS RAP 

PROPOSED POND PP SOUTH 48.0 49.0 5/5 2 0 3 

PP NORTH 44.8 44.7 5/5 2 5 3 

PPOPflSFI) I FVFF 

UI Worth 5 

USELESS INLET UI 44.6 45.6 5 2 5 4 

UI South# 5 

USELESS LOOP Ut. 41.1 44.8 3/5 0 0 4 

(Freycinet Reach) 

BOAT HAVEN LOOP NORTH 44.6 - 49.1 52.0 - 53.6 5/5 2 0 3 

SOUTH 49.4-51.7 53.4-54.0 5/5 2 5 3 

' silinities measured during winter and summer programs 
* Useless Inlet areas established by summer beach seine program 
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TABLE 2 

SYSTEMATIC SPECIES LIST 

SPECIES NAME 

IIOLLUSCA 
CEPHALOPODA 

Sty/asp 
CRUSTACEA 
REPlANT IA 

Port,s . 
clswyMias sp 

Pa/-tw7usp./ag/cus 
PochVdk'/es 

NATANTIA 
ffel4cewoøus 

Pth76VS s$cU/,t 
PMasus fatisu/catus 

ELASIIODRANCHIA 
SCYLIORHINIDAE 

cft//osc4,I/iumIwI,7clotu,n 
CARCHARHINIDAE 

Carc thinus brec%ii,vs 
Carci,athim.'s Me/anglolty/s 

C&-h/m., coil/us 
//em/gD/aus micros/ama 

RHINOBATIDAE 
R/44=%7.otus dJ/o'.dens/s 

UROLOPHIOAE 

Lifap/,us .o 
Urv/4tshus SR. 

TELEOSTEI 
ELOPIDAE 

E/os /snrd/iens/s 
CLUPEIDAE 

Spr.,te//o/es roèilslus 
Nemoto/aso come 

Nerk/olsic/,Mys ion/ngsAerger/ 
SVN000NTIOAE 

3kjnoat's sogonaus 
PLOTOSIDAE 

(uris/timus nuoicos 
ANTENNARI IDAE 

.471ernue1us st,. 
BELONIDAE 

Strol7gq/u1., Is/ore 
HEIIIRAIIPHIDAE 

.4tlmi,p/,us sc/ero/a.os/s 
hothonsus ro.us(ws 

Hm7Aus auu/u/s 
ATHERINIDAE 

Pranesus agi/byl 
Alonati., mug//a/des 

SYNGNATHIDAE 
rnppocom,ovis sp 

Fil/cempus tigris 
SCORPAENIDAE 

Scerpoenoa'e's SR. 
PLATYCEPHAIIDAE 

P/o/yceptie/us em/rachtsns/s 
P/elycepha/us arsnor/,s 

Cymbocepi,u/us ,,emalootithaImos 

COMMON NAME 

Cuttlefish 

Pale pelagic crab 
Striped pelagic crab 
Blue manna crab 	. 
Porcellanid crab 	. 

School prawn 	 S 

Tiger prawn 
King prawn 

Brown-bonded catsharl 

Bronze whaler 
Block tip reef ,hark 	. 
Nervous reef short 
Sickle-fIn weasel shark 

Shovelnose ray 	a 

Pink-spotted stingaree 
Black-tailed stingaree a 
Brown-spotted stingaree 

Giant herring 	 a 

Blue sprat 
Bony herring 	 a 
Konlngsbergere herring a 

Netted Lizardfish 

Naked-heeded catfish 	a 

Angierfish 

Slender longtom 	a 

Snub-nosed garfish 	a 
Robust garfish 	• 
Tropical garfish 

Ogilbys hardyhead 	. 
Spotted hardyhead 	a 

Seahorse 
Tiger pipefish 	. 

Scorpionfish 

Bar-tailed flatheed 	a 
Northern sand flathead a 
Fringe-eyed flathead 	.  

SPECIES NAME 

SERRANIDAE 
fprnep/,eIus eu/I/Lie 

5etra ,id*'. 
TERAPONIOAE 

Amn/alabo couda WI/a/us 
Palates 'aodrf//rieoIus 

Pa/ales sex/ineatus 
APOGONIDAE 

.4pogon rtieps/lii 
SILL AG IN 0 AE 

Si//ago schombur// 
Si/logo macu/ole 

£'//ago anal/s 
Si/leqo v//tote 

P0iIATOM1DAE 
Pomotomus so/letor 

SPARIDAE 
.4co1im40eg,vs fatus 
4_"s40h-0 m/color 

.'habo'osorgvis sortie 
OERRIDAE 

47erres suAfosciotus 
SCIAENIDAE 

Argyrosomils ho/o/sl'/dDtus 
NEFIIPTERIDAE 

Peutauodus villa 
Scaevius mi/it 

IIULLIDAE 
Lip9no's tragule 

IILJGILiOAE 
Mug/i ceptie/us 

SPHYRAEN1DAE 
Sp/,yroeno sp 

LABRIDAE 
Choerodon nibescens 

choerodon s 
Carissp 

BLENNIDAE 
Petroscirtes tire v/caps 
Omotronchus ge/mo/ni 

CALL!ONYFIIDAE 
Ca//ionvvus sp. 

006IIDAE 
Va/encienpea immaculafus 

Vonge/cht/iys ,,ebulosus 
Poi'onigotius lateral/s 
Amb/ygob/us phd/cone 

SIGANIDAE 
Siganus sp 

BOTHIDAE 
Pseuobrtiombusj,nsguu/i 

CYNOGLOSSIDAE 
Cy/Poglossus 5.0 

tIONACANTHIDAC 
Co/urodonh/spaAmnoni 

TETRA000NT 1DM 
logacopho/us sce/oretus 

To,qwgener p/euragrommo 

COMMON NAME 

EstuorU cod 
Pearl perch 

Yellowtail trumpeter • 
Four-lined trumpeter a 
Six-lined trumpeter 	a 

Gobbieguts 	 a 

Western sand whiting a 
Trumpeter whiting 	a 
Coarse-scale whiting a 
School whiting 	a 

Tot br 

Yelbowf in bream 	a 
Pink snapper 	 a 
Torwhine 

Roach 	 a 

Mulbowoy 

Western butterfish 	a 
Coral monocle bream 

Bar-tailed qotf1sh 

Sea mullet 	 a 

Pike 	 a 

B&dchin Groper 
Tusk riot 
Elue-otriped wrosse 	a 

Sabre-tooth blennie 	a 
Germains biennie 	a 

Stinkloh 	 a 

Kuiters goby 
Shadow goby . 	a 
Lung-finned goby 	a 
Bonded goby 	 a 

Poison spinetoot 

Small-toothed flounder a 

Tongue sole 

Poxmans leatherjacket a 

Silver toadfish 
Common blowfish 

TOTAL NUMBER OF SPECIES = 73 

NB. • denotes occurrence behind Clouqhs Bar (total = 47) 
denotes on identification awaiting corilirmation 
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SllraIs//nidas rX(lsIus Dlue s 
L)oerv, W. lust 

C/iaq,'ed/as SA Striped pelegic 
Sep/es,o. Cuttle 

Antew14 	z Angler 
/vnus elf/n/s Tropicel per 

lftlklMw sA Pink-spotted sting 
4 Ztros&7X.s ftolo/*'IdoIus itdlo 
Va/enc/,,me Irmmocu/atus Kuiter'e 

Carc*e,Mi'ws Actgjorus Or-ooze wh 
Cgg/ossus *z Tongue 

Pecfcftae'/es SA Porcellanid I 
Petrosclrtes kpvlceps Sebre-tooth his 
£nO?v'arscf*isgernwfnI Genneins bie 

///canws II.1s Tiger pipe 
(piaeVieIus so//los Estuer 

Pla/jicasmelus a''1os Nertt*rn send fIsh 
Pe/gigs çiaa-ilurree(os Fcr-liMd tnms 

174psAvwv11*w1s Giant her 
Lagerqee/os sc.s/wuais Silver toed 

Civlss,o N OIu.-eulped wn 
(grisuenvis ,x'd/cs Naked-headed cot 

Assclsrolgpis Sme-nosed per 
TerW 

AWiteIo/osa casu 000g her 
Iv/,is s.n Block-toiled sting 
5/l/ax' &,e//s Coorse-scaled will 

i*flcsm',a/gnv See ow 
.4cenLuc Ia/us YeIlowf in hr 

St,zrtgj/sre is/tv-a Slender long 
Pm'liawsp#/sgl/CuS BInS maims 

ftwssus ag/Ittyf Ogilbnfs herdlj 
4/ens/ia nxigiofdo's Spotted herdr,$ 

Amni.tetta ceocievillelus Veilowlailed trump 
/lsmfrhenp'wsrcdwstus Railust per 

P/e4cafto/us ergtachtmes/s Ber-tolled (leti 
est3wbfos Is/era/Is Long-firmed 

Ssvms s,I'fasc/atus RI 
S/I/ego sc/lcintxvpl-/I Western send will 
Pometo'nijs salts/er To 

SY// 	mecu/ata Trumpeter wti 
Palates sg*'/insetue Six-lined tntn 

Omch*atuc 6JI1er,s/s Shoveinose 
4xgoa afepsilil GcCblel 

/Ie,-/otsIch(ftqs kon/ngstterg.rf Koolngsbergers her 
L7.sap4'is un/co/er PIi* sne 

mtenwseus sthll School (gressu) pr 
C0I1I0rIgoruss4 Stink 
$Yl/ 	Wile/a School will 

PsmosJsrgos/I Smell-toothed flora 

7lapo$is villa Western hotter 
Arø/gccIusieIasoe Bonded i 

Yopwic4tfg.ss redu/psi/s Shadow i 
Coltrodont/spexmsn/ Pexmens lsetherJe 
Pensets 1st/so/cabs Western king pr 

Car 	mirais meFeriS,(brxIs Block tip reef SI 
Scenv/us mi//I Coral monocle hr 

4.aca14vsnsme14m1h./rmJs Fringe-eged flail 
Carchem/mis ceo/us Nervous reef SI 

I-he-n/go/s/is mlcrvstnsie Sickle-fin weasel SI 
Spoodec sagarisus Netted lizard 

Øeneus t,w/a Bar-tailed poet 
ch/Ioxgmrictettvn Brown-banded cett 

Tci/(w'rvp/e/ro9rsi,Nna Common blow 
Ssrranidsi' Pserip 
portaw W Pele peisgic 

kA7)dEP0d#SW Scorpion 
W1  Brown-spotted sting 

S/gao/dsp. Poisonspine 
Penseus ast u/sn/os Tiger pr 

Hlwncenexs W Seeh 
Oluevvdenneescens Beldchin On 

C 

S 

S 
S 
S 

U U 

LeProvost, Semeniuk & Chalmer 

TAOLE 3 

SPECIES LIST AND DISTRIOUTION 

USELESS 
POND POND POND PPOSED INLET & BROWNS 

	

TOTAL NUIIBER OF SPEC IES1 	73 

	

COtIflERC1AL SPECIESI 	24 

	

COIIPIERCIAI. TELEOSTSI 	21 

4 24 47 54 40 46 

0 	12 	Ii 	16 	14 	12 

$ = commercial species 
o = sampled In summer proqremme 
I = sampled at entrance to pond P2 onig 

denotes an Identification oweitinq confirmathair 



LeProvost, Semeniuk & Chalmer 

TABLE 4 

00ADJITED 81011655 (ES) AND ABUNDAWE (U) 10011 BEACH StiltS 

26Ju-1Jsl1 4989 

sprcscs POND 2 POND I I POND 0 PPOSED USELESS USELESS BROWNS TOTALS SPECIES 
POND i!iI LOOP North I South  

S.bie-tThb1enni. 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.000 0.0*0 Sebr.-thathblsnnh. 

Geruo*na b*,rtM. 0.000 0.000 0.000 0.002 0.005 0.000 0.000 0.000 0.001 GarDOjos blnni. 

0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.002 I(u*t.ra9ob 

Shadow goby 0.00i 0.000 0-055 0.000 0.200 0.000 0.000 0.000 0.25S SPa'vby 
o o 5 0 4 0 0 17 7 

b.risdp,t,!J 0-000 0.000 0.000 0.013 0.005 0.000 OA02 0.000 0.022 0.oNdb*j 
1 o 34 9 7 17 9 

I.o-finrodqob, O.000 0.060 0.205 0.075 0.01 0-021 0.205 0.06S 0,783 Ion4-flnnotbU 
o 10 50 3 28 174 45 1172  

ColrnTonb*ov(1sh 0.000 iäãô 0.000 0.112 0.100 0.48 - U.OIZ 0.030 0.8 14 Ccmnnblavfth 
o o 0 5 /2 294 

W.k,rnbgft.rfish 0.000 0.000 
-i 

0.00 
- 

0-805 
z 

0.200 
i 

0.0( 
- 

0.040 
- 

0.000 1.04.W.at.rnbutt,rfish 

Banijtorrinq 0.000 2.760 2.410 0.015 0.000 0.000 0.000 0.000 S. 185 8onh,rr1nq 
0 1061 14.1 .17 9 9 9 9 251  

Koibsr,rltorrtj 0.000 0.0*0 0.000 0.000 0.000 0.000 0.000 0.000 0.010 tøinberqsra(rrnrq 
17 0 0 0 17 

OIIRlpro 0.00 0.000 0.00 0.00 0.01 0.00 0.00 0.01 81iapret 
0 1? 9 0 5 0 0 Jr  

Stlotfish 0.00 0.000 0.11 0.00 0.00 0.00 0.00 0.13 Sllnkfi,h 

flO.O 
9 4 

Gar-tatlifl.tt*ead 0.000 0.150 *2.45 3.80 049 0.10 0.020 17.01 flethead 
#1 / 59 16 4 7 17 17 

Sirol1-titladflanr,r 0.000 0.000 2.85 0.10 0.09 0.09 0.345 3.6 Sn11-ttt,dflaurr 
11 0 26 /3 9 .17 54  

DtMqart*sh 0.000 0.050 0.21 '3.115 0.4ZO 19.50 0.240 0.57 24. 105 ibbustQerflsh 
O / /2 55 2 216 9 /6 33 

IrIgailtit, 0.200 0.000 

a 
0.0I 
- 

0.020 0.000 0.200 
_i' 

0.000 
0 

0.000 
_..' 

0.420 
- ff 

Tropiclgsrfi.h 

Srwb-ao*edgev1*st 0.000 0.040 0.390 0.000 0.000 0.500 0.000 0.000 1.730 Snub-roeedg.rfish 
0 26 is At 0 50 9 9 17 

8Ir-taIl.dtflsl 0.000 0.000 0.000 0.125 0.005 0.000 0.000 0.000 0.IZS b.r-taiIotgastflsh 

Gobbleguls 0.000 
_9 

1.130 
1 .JEI 

0.213 
144 

0.200 
4? 

0.000 0.000 
- 

0.001 
- 

0.000 
- 

1.544 
546  

Gobbleguts 

Ogilby-a herthitmed 0.000 0.110 2.360 50.20 17.25 1.700 0.000 0.000 71.620 Ogilbg.tordgtrot 
(/w, I00io6a/s) 0 2 1782 9910 40J /40 0 17 8547 'larga /i6a1S) 

Isrdgtaot 4.630 3.505 .6.623 5.981 12.97 0.50 2260 2.895 39.362 Pierd*t,s 
0,,to6 41ss) 7/21 4044 5646 7450 5405 404/4  

Total bordliseeft 4.630 3.615 8.983 56.18 30.22 220S 2.260 2.895 110.982 Total bsrdM.8s 
7/21 4646 7528 /5460 5948 817 511$ 4899 .46963  

L=ttwrjscbt 0.000 0.000 0.056 0.050 0.03 0.000 O.OZ5 0.00 0.16 Laet(.rjscket 
17 0 2 5 5 9 2 0 /4  

Slenderlotqtont 0.450 2.580 12.79 3.220 0.100 0.000 0.000 0.000 19.14051.r8er*onqtøm 
. S S _10 33 - - _0 _S 1702  

Psarl pnvb 0.000 0.000 0.000 0.000 0.005 0.000 0.005 0.000 0.0*0 Pierl perch 
0 0 17 401 4 9 17 0 4 

*9e1'ptp8194 0.000 0.000 O.UOZ 0.000 0.000 0.000 0.000 0.000 O.Ouzltgarplpefisti 
17 9 I 0 /7 4 01 17 1 

8rovn-spet*adatinsrss 0.000 0.000 0.000 0.000 0.000 0.000 4.000 0.000 4.01, bro'.rn-ipsttad,tlegsr.s 
_9 0 - - p _. 2 it - I?  

B1ack-ts*.dei1rsrse 0.000 0.000 20.00 S.SOO 32.00 0.000 0.000 0.000 57.SOO Blsck-tsllotsttnger.e 
o .1 1 4 0 0 0 14  

1 0.000 *2.98 0.002 1.130 0.139 0.953 1.371 0.070 18.245 Roach 
17 791 1 	7/ 761 1.0 175' 1581 /06 7 7040  

SiamsIlat 0.000 7.400 13.10 51.57 *500 0.000 0.000 0.000 73.570 Seamultet 
17 176 /6 Ar 1 17 #1 17 0 22  

Stz-1*rottrompet*r 0.000 0.530 0.390 0.070 0.000 0.000 0.042 O.UOO 4.03 Six-Ilnottrumpeter 
9 24 /8 25 0 17 /20 of 1071  

Yettovtottedtrumpetor 0.4*0 0.250 0.005 0.270 O.ISO 0.005 0.013 0.015 1. 1 IS 1 	
3 

Ytttovtetledtrumpeter 

i - t - , -g . 
5,1rr98 0.00 0.00 159.0 10.00 0.00 0.00 0.35 0.00 169.35 Sto'etroseratj 

0 of /6 2 0 0 1 I S / 
broreavlahr 0.000 0.000 0.000 4.200 0.000 0.000 O.UOO 0.000 4200 0rot.vtoter 

o 0 9 4 17 0 17 0 4 
0.00 2.620 *07.1 3.35 0.00 1.44  0.811 0.00 Y,!IlovM 

i.L .._..LLS .._i/ 9 41 _9 _O /174  
lsrvhioa 0.0011 0.850 1.050 0.250 0.000 

.._. 
0.000 0.000 0.000 1.950 7arwblne 

0 Ii 1 2 17 9 17 (1 /5  
Woxteroseridvbittr 0.000 4.3611 42.87 30.80 0.895 0.690 0.110 0.495 77.215 .u1rn3ondvtl1t1ng 

I) IS! 2295 835 9! /82 78 /40 .78175  
Ccersa-aes*a1'.h1tlM 0-000 9.08(1 0.020 40.00 0.160 0.000 0.000 0.000 20.060Coarse-I1.d..'h1t1flt 

9 /45 I /9/ 6 17 0 0 .851 
lrumpster vtfltu9 0.000 Tb Tio bbs Töb U öbb ö -TO-56 3.918 trumpeter vhlflng 

0 /17 .71 2 0 0 /7 0 267  
We-hrr" school whiti no 0.000 0.000 5.550 0.000 0.390 0.000 0.220 0.000 6.240W..3ternsclmolvhltlrig 

0 0 sIc Zol /5.7 191 74 0 54' 
Weernklngprewo . 0.000 0.000 0.045 0.001 0.000 0.000 0.026 0.010 0.080 Western kIM pre'wn 

9 0 0 I 17 0 5 2 /4  
OueunMcraj 0.00 1.315 2.070 1915 0.060 0.001, 0.000 0.000 5.39081san*nnecral, 

0 7 41 2/ 2 0 0 L71 71  
Penngcreb 0.000 
- 

0.000 
___..01 

0.000 
40 

0.010 
S 

ffbo 0.000 
& 

0.000 
0 

0.0001 -  0.0I0Penngrrb 

Clittlirflah 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.000 0.050 Cuttlefish 
9 0 4 7 4 9 17 0 2 

WEIGHT 01 5.7 49.8 394.8 187.0 67.3 26.2 9.5 5.5 745.6 TOTAL WEiGHT 
FISK_(ES) I I 

NUIIBIROF 7140 5962 *1423 *5722 6298 2512 9008 6*06 64089 T07ALNUPIBLR 
FISH_(N)  

00118(901 5 20 29 33 22 *3 2* *0 42 TOTAL NUMBER 
SPECIES  01 SPECIES 

NUMBER 01 2 5 10 10 S 3 5 5 45 TOTAL NUMBER 01 
BEACH StINtS -  BEACH StINtS 

Its.m vsI6t per s.t.. 2.0 10.0 39.5 *0.7 13.5 0.7 1.9 1.1 16.6 kg 

Mss.a..8.rp.rs.*M 5570 1192 1112 *572 *260 857 1810 *237 1.1424 PERSEINC 

POND 2 POND I 9010 0 ,'POSED dSILESS SISELESS NORTH 00111K 0910*11 1 	. POND INLET L00P BROWNS 



LeProvost, Semeniuk & Chaimer 

TABLE 5 

8IWIASS (1(6) AND ABUNDANCE (N) FROM SET NETTING 

(dais from multipanel floating and sunken mesh nets sit overnight (1000-0800) in each area) 

26 June - 3 JuIg 1969 

SPECIES POND I POND 0 POND U USELESS I 	BROWNS INLET SPECIES 
South 	North South 	I 	North INLET North 	South TOTALS  

Silver toadllsh 0.00 0.00 0.00 0.00 0.00 2.80 0.00 0.00 2.80 Silver toedfish 
o a 0 0 0 / 0 0 

Bony herring 142.90 4.93 95.70 0.12 0.15 0.00 0.00 0.00 243.80 Bony herring 
1365 47 571 / / . 	0 0 0 1981 

Shadow gobg 0.00 0.00 0.00 0.93 0.76 1.20 0.60 0.03 3.51 Shadow goby 
o a a /4 5 26 /0 / 57  

Koninvisbergers herring 16.59 0.00 5.20 0.01 0.00 0.00 0.12 0.00 21.98 KonInsberger's herring 
282 0 52 01  0 01  2 0 346 _______ 

Oar-tailed (lathes 0.00 1.93 3.60 1.47 0.60 0.55 0.15 0.68 9.05 Bar-tailed flothead 
o 5 F! 5 2 I I 2 25  

Northern sand flathead 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.45 Northern sand (lathead 
o a a a a a a 

Small-toothed flounder 0.00 0.00 0.00 0.00 0.00 0.50 0.16 0.00 0.66 Smell-toothed flounder 
o 0 a 0 a / 1 0 2 

Robust gerfisi 0.00 0.26 0.00 1.91 1.05 0.00 0.00 0.18 4.20 Robust gorfish 
01 i o /4 IS 01 0 / 29  

Tropical gerfish 0.00 0.00 0.00 0.25 0.01 0.00 0.00 0.00 0.25 TropIcal gerllsh 
o a 0 / 0 0 0 0 

Giant herring 0.00 12.90 0.00 0.00 0.00 0.00 0.00 0.00 12.90 Giant herring 
a 5 0 8 0 0 0 0 5 

Paxmans leatherjecice 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02 Paxmans leetherlacket 
0 a 0 a a 2 0 01 2 

Slendet- longtor 4.62 10.28 0.00 0.00 0.00 0.00 0.00 0.00 14.90 Slender longtom 
_T1 8 0 Of 0 01 0 0 

Mulloweg 0.00 0.00 0.00 0.00 8.00 0.00 0.00 0.00 8.00 Mullowag 
a a o a i a a a 

Pearl perch 0.00 0.01 0.00 0.00 0.00 0.00 0.40 0.18 0.58 Pearl perch 
________ o a o __a a a 2 ___/ 5 ________ 

Pike 0.00 0.00 0.09 1.05 6.52 0.65 3.45 2.80 14.55 Pike 
o a / 7 54 7 25 25 1 	I/P  

Pink snapper 0.00 0.00 5.10 0.00 0.00 0.00 0.15 0.00 5.25 Pink snapper 
01 a / 01 0 01 0 2 

Poison spirtefoot 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.40 Poison spinefoot 
o 0 0 0 0 0 0 2 2 

Pink-spotted rag 0.00 0.00 0.00 0.00 . 0.15 0.00 0.00 0.00 0.15 Pink-spotted ray 
0 0 0 0 / 0 0 0 

Roach 4.17 0.51 10.19 0.20 1.14 0.10 0.01 0.13 16.47 Roach 
9 74 2 /8 / 1 2 1 	144  

Netted lizard fish 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.33 Netted lizard fish 
0 01  0 _Tj 0 01  0 0 5 I 

Scorpionfish 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 Scorpionfish 
0 0 0 0 0 0 / 0 

See mullet 127.30 132.031 108.30 5.10 0.00 0.00 0.00 000 373.53 Sea mullet 
/88 /0/ 75 /3 0 0 0 0 

Six-lined trumpeter 66.49 5.33 23.80 1.91 3.27 2.30 2.10 0.00 105.28 Six-lined trumpeter 
435 58 121 is 55 26 29 01 720  

Shovelnose ray 0.00 0.00 0.00 0.00 0.00 3.40 0.00 0.00 3.40 Shovelnose ray 
01 0 0 01 0 tj 0 0 2 

Brown-banded catshark 0.00 0.00 0.00 13.05 1.80 2.80 12.40 3.20 28.25 Brown-banded catsherk 
0 0 0 6 / 2 7 2 /8  

Sickle-fin weasel shark 0.00 0.01 0.00 7.63 2.61 151.95 0.00 2.60 164.79 Sickle-fin weasel shar 
O 0 0 5 9 /77 0 2 /93  

Dusky whaler 0.00 3.20 0.00 25.60 9.50 15.30 13.00 2.65 69.25 Dusky whaler 
0 / 0 /4 6 /0 9 ?1 42  

Snub-nosed garfish 6.35 0.31 1.30 0.00 0.00 0.00 0.00 0.00 7.96 Snub-nosed parrish 
81  

Tailor 13.20 23.50 19.40 11.20 12.03 2.02 0.35 2.05 83.75 Tellor 
4 1/ 5 2/ 20 6 / 2 73  

Tarwhine 0.00 11.38 298.06 0.17 0.01 0.00 0.00 0.00 310.42 Tarwhine 
0 36 649 4 / 0 0 0 690  

Western sand whiting 0.33 4.01 1.36 12.30 0.05 0.15 0.25 1.27 20.52 Western sand whiting 
4 37 /5 82 8 1 5 /4 /64  

Coarse-scaled whiting 0.00 0.00 0.06 0.11 0.70 0.00 0.00 0.00 0.94 Coarse-scaled whiting 
0 0 / I 1 	7 0 0 0 9 

Trumpeter whitIng 7.33 0.40 23.83 1.12 2.67 2.45 0.00 0.00 37.79 Trumpeter whiting 
4 /07 /2 32 22 0 0 207  

Western school whiting 0.00 0.16 0.25 0.00 0.01 0.00 0.00 0.00 0.43 Western school whiting 
4. 0 0 0 0 0 7 

Vellow(in bream 7.80 22.41 5.87 0.00 0.00 0.00 0.00 0.00 36.06 Yellowfin bream 
20 35 10 0 0 0 0 0 65 

Yellowtaile*1 trumpeter 30.94 0.25 1.33 0.66 0.00 0.00 0.00 0.00 41.16 Vellowteiled trumpeter 
208 2 /0 51 0 01 0 0 225  

Blue manna crab 0.00 0.20 0.05 0.27 0.47 0.10 0.00 0.00 109 Blue manna crab 
0 1 / 2 4 I 0 0 9 

WEIGHT OF 436.0 234.8 605.0 80.13 53.14 106.3 33.15 16.15 1644.9 OVERALL WEIGHTS 
FISH  OF FISH 

NUMBER OF 2636 341 1738 231 239 286 93 56 5620 OVERALl. NUIIOERS 
FISH  OF FISH 

NUMBER OF 12 10 19 20 
I 

10 11 	16 11 	14 12 37 11 OVERALL NUMBERS 
SPECIES 

1 
OF SPECIES 



LeProvost, Semeniuk & Chalmer 

TABLE 6 

BIOMASS (KS) AND ABUNDANCE (N) FROM TRAWLIN6 

(dote summed from th. 5 ti-I-net trawls of each eree) 

26June-5JuIg 1989 

SPECIES PONO 0 PROPOSED USELESS BROWNS SPECIES 
NORTH POND (NTH) INLET SOUTH TOTALS  

Angler'flsh 0.000 0.010 0.005 0.000 0.015 Anglerflsh 

Bonded goby 0.060 0.000 0.000 0.0 IS 0.075 Banded goby 
4 a a / S 

Common blowfIsh 0.000 0.040 0.015 0.000 0.055 Common blowfish 
a 2 2 a 4 

Silver tadflsh 1.000 0.000 0.000 0.000 1.000 SIlver toadlish 
a a a 

Bon4J herring 0.350 0.000 0.000 0.000 0.350 Bony herring 
2 a a a 

Western buttorfish 0.010 0.100 0.350 0.040 0.500 Western butterfish 
2 7 4 /4  

Doldchln groper 0.000 0.000 0.000 0.020 0.020 Baldchln groper 

Stink(ish 0.000 0.010 0.000 0.000 0.010 Stlnkilsh 

Naked-headed catfIsh 0.270 0.000 0.075 0.000 0.345 Naked-headed catfish 
8 a 

Ber-talled fathead 1.050 0.000 0.000 0.000 1.050 Bar-tolled flathead 

fringe-eyed fathead 0.350 0.030 0.045 0.000 0.425 FrInge-eyed Ildthead 
2 2 17  5  

Small-toothed flounder 0.920 0.050 0.010 0.150 1.130 Small -toothed flounder 
/5 2 / / IP  

Bar-tolled goatfish 0.000 0.015 0.040 0.010 0.065 6ar-tol1d goatfish 
s 

Long-finned goby 0.003 '0.000 0.000 0.000 0.003 Long-fInned goby 

Sobbleguts 0.150 0.000 0.000 0.125 0275 Gobbleguts 
/7 a a  XT 

OgIlbys hardyhead 0.000 0.000 0.001 0.005 0.006 OgIlbys hardyheod 

Poxmons leetherjocket 0.0 10 0.025 0.000 0.043 0.078 Paxmans leather;acket 
1 2 0  P  

Roach 0.475 0.000 0.000 0.980 1.455 Roach 
S 0 0 /Otf 1/4  

Netted lizard fish 0.000 0.130 0.210 0.040 0.360 Netted lizard fish 

Seahorse 0.000 0.000 0.000 0.005 0.005 Seahorse 

Six-lined trumpeter 0.200 0.000 0.000 0.000 0.200 Six-lIned trumpeter 

Tongue sole 0.000 0.023 0.000 0.000 0.023 Tongue sole 
0 2 0 0 2 

Western sand whiting 0.000 0.000 0.000 0.020 0.020 Western sand whiting 

Trumpeter whiting 4.830 0.010 0.000 0.000 4640 Trumpeter whiting 
/ a a 	1 44  

Tqsk Its 0.000 0.000 0.040 0.000 0.040 Tusk fish 
a a i a / 

Western king prawn 0.205 0.046 0.004 0.007 0.262 Western king prawn 
S S 

Schoul prawn 0.005 0.000 0.000 0.002 0.007 School prawn 

8rwn tiger prawn 0.000 0.000 0.000 0.095 0.095 Brown tiger prawn 
a a If 

t3lue manna crab 0.035 0.230 0.120 0.162 0.547 Blue manna crab 
2 4 3 8 /7  

Pole pelagic crab 0.000 0.560 0.435 0.000 1.015 Pole pelagic crab 
0  4/ 0 1/3  

Striped pelagic crab 0.000 0.000 0.038 0.100 0.138 Striped pelagic crab 
o  4 P /3  

Cuttlefl3h 0.000 0.300 0.010 0.000 0.310 Cuttlefish 
4? 7 1 0 5 

WEI6HT OF FISH 9.92 1.60 1.40 1.81 14.74 OVERALL WEI8HT 
OF FISH 

NUMBER OF FISH 116 lOS 13 166 461 OVERALL NUMBER 
OF P1514 

NUMBER OF SPECIES 17 	' IS IS 17 32 OVERALL NUMBER 
OF SPECIES 



LeProvost, Semenwk & Chalmer 

TABLE 7 

SET NET AND BEACH SEINE 810P4435 (Ec) AND ABUNDANCE (N) DATA USED rOB III5TOGRAI1S 

(beach Gain data udjsst.d  to keud N per slgIe slim. xlO) 

26 JIm. - 3 JsIV 1989 

SPECIES FIGURE 
NtIMBE 

3 

POND 2 POND I POND 
Dout 

0 	PROPOSED 
_JI.rt 

POND 
ra 

USELESS USELESS BROWNS  SPECIES 

aIM 
0.000 

0 
0.325 41360 850 

JLL 
0.150 

L 
0.000 

r1L 
0.250 

.South 
1270 Wssternsei4whjtt, 

W.sernavhft1p.0 0.090 
4 

2.720 
3? 

50820 
15 

34.920 7t.020 570 1.790 
0 

2.300 
3 

sr/a 0 364 /864 2726 '00 /82 60567 
0.220 
/56 

0.990 
280 

WernihiUr4
4.fm' Trumpli.rwhjttrq 

MM 
0.000 7.325 0.400 23.830 1.120 2.665 2.450 0.000 0.000 Trum*t.r,Mtl ng 

irumpoterwhiting 
4 0 

0.000 
30 

3.300 
4 

3.900 
/07 

0.020 
/2 

0.000 
32 

0.006 
22 0 0 0 a/al 

MN 0 214 /40 2 
0.000 0.000 0.610 0.000 Trumpeter vflttlnq 

era.-. 	1ad 0.000 0.000 0.000 0.055 
0 
110 

4 
0.775 

0 
0.000 

0 
0.000 

134 
0.000 

0 Ma 

'? I 7 0 
0.000 Co.ru-.c.1ad'Mt1nq 

Cost" 0.000 19.760 0.040 0.000 

F0. 
.200 6.800 0.320 

0 
0.000 

0 
0.000 

0 
0.000 

a/NI 
Ceera.-ica1sdvtflt1n MN 

Western schow.j$4t1u 
0 

0.000 0.000 0.180 
0 

0250 
/58 

0.000 
44 I! 0 19 9 Ma 

a/NI 6 0 0 3 4 
0.000 0.000 0.000 0.000 0.000 WsaternactmalvbIIIn9 

Westernsci 	~no 0.000 0.000 9.100 2.000 
0 

0.160 
0 

0.160 
0 

0.780 
0 

0.000 
0 0 Ma? 

H/sr L.. _L 1 .JL.. _JJ L. .I 
0.440 0.000 Warm.cI,00lvhftjnq 

Ssamulh 
MM 7 

0.000 127.300 132.830 100.300 5.100 0.000 
226 . 
0.000 

...L 
0.000 

_L 
0.000 

L. 
0.000 

aMr 
Seemullet 

Ss.mulh 
0 

0.000 
/88 

14.800 
/0/ 

12.900 
75 

13.300 
/3 

98.600 
0 

6.540 
0 

3.000 
0 

0.000 
0 

0.000 
0 

0.000 
// 

Seemullat sr/a 0 /92 28 6 /40 44 1 	/6 0 Li 0 sr/rn. Isilar B 0.000 13.200 23.590 19.400 11.200 12.030 2.015 0.000 0.350 2.050 (slIer aIM 
Yel*wftn brs.I 

0 4 II 
22.410 

8 
5.879 

2/ 29 6 1 	0 
b 

I 	/ 2 4./NI 
a/NV 9 0 20 35 /0 

öW /ellovfln breem 
YsUovflnbra.m 0.000 5240 214.200 0.000 

0 
0.700 

0 
6.000 

0 
0.000 

0 
4.800 

0 
0.000 

0 
0.000 

Mat 
Y.11ollribra.m mica 

Tsrvtflm. 
.... 19  _ 
0.000 

22 
0.000 

216 
11.375 

0 
298.860 

•• 
0.170 

/4 
0.010 

0 
0.000 

2L3  
0.000 

0 
0.000 

0 
0.000 .rvti1re MM 10 0 0 36 649 4 / 0 0 0 0 aIM lsrvMir 0.000 1.300 2.100 0.000 0.000 0.500 0.000 0.000 0.000 0.000 lsrwMrm W140 

Boelt*rri.q 
0 

0.000 
24 

142.900 
2 

4.925 
0 

95.700 
0 

0,120 
4 

0.150 
0 

0.000 
0 

0.000 
0 

0.000 
0 

0.000 
sr/N 

a/NI 11 0 136$ 43 57/ / / 0 0 0 
Banijh.rrlrq 

061 kerrteq 0.000 5.520 4.800 0.020 0.020 0.010 0.000 0.000 0.000 
0 

0.000 
" HI NV 

Beau tmrrlrq N7N 
0 0 0 NFM )oat,qoberqcr'.h,ri-t,q 0.000 16.503 0.000 5275 0.000 0.000 0.000 0.1 15 0.000 Kenhiçberç.rlmrr1n1 a/at 12 0 

0.000 
282 
0.020 

0 
0.000 

62 
0,000 

0 
0000 

0 
0.000 

0 0 2 0 .? at 

Ma 0 
0.000 0.000 0.000 0.000 Komnqsbergeruhernnq 

ber-1)m1m1fIeti 0.000 0.000 1.925 3.675 1.470 
0 

0.600 
0 

0.550 
0 

0.000 
0 

0.150 
0 

0.680 
Ma 

N/at IS 0 0 3 II 8 2 / 
dsr-thledfl.V,a. 

8ar-tIi1adflith 0.000 0.300 14.040 10.050 3.840 3.766 0.980 
0 

0.340 
/ 

0.120 
2 

0.040 
Mat 
Ber-t1e4flutr Ma 0 

0.000 
2 

0.000 
57 

0.000 
56 

0.000 
10 

0.000 
22 

0.000 
6 66667 4 6 4./rn. 

a/a,? 14 0 0 0 0 
0.500 0.000 0.160 0.000 Smsll-tcotladflaund,r 

3ms1l-tootfdflauis3,r 0.000 0.000 1.700 4.000 
0 

0470 
0 

0.140 
/ 

0.180 
0 

0.300 
I 

0.310 
0 

0.690 
a/i'm' 
Snuu11-l*ta.I11uumr 

shwmftw l's 
0 

0.000 
0 

0.000 
/2 

0.000 
40 

0,000 
8 

0.000 
/8 

0000 
/4 

3400 
6.6687 8 4 sr/a 

a/a? IS 0 0 0 0 
0.000 0.000 0.000 lMve1irie ricj 

Stm.elmos. rsu 0.000 0.000 238.000 80.000 
0 

20.000 
0 

0.000 
1 

2 
0.000 

0 
0.000 

0 
0.700 

0 
0.000 

a/NV 
Slmvelneee ret ata 

Dikyv1.r 16 
0 

0.000 
0'1 

0.000 
24 

3200 
8 

0.000 
4 

0 
Li 

9.500 
0 

95 
0 

0.000 
2 

iio 
.0 

2.650 
N/N 
D06khu1er a/at 

fi SIckIe-nv1lrk 
-  
Ii 

0 
0.000 

Li 
0.000 

/ 
0.000 

0 
0.000 

/4 
1,630 

6 /0 0 9 atm.? 
aIM 0 0 0 

2.605 151 950 0.000 0.000 2.600 SlCtIsfina.e1atsrk 
8rvm-bs,.dc*t.s$l II 0.000 0.000 0.000 

0 
0.000 

5 
8.050 

9 
1.800 

/77 
2.800 

0 
0.000 

0 
12.400 

2 
3.200 

a/al 
a/N/ 1 __ 0 0 0 6 I 2 0 

rovn-berIdedcetsherk 
H.rdvhs.4,(both.p.) 19 23.150 7.230 6,146 11.820 102.406 9.954 60.440 7.350 

7 	1 
4.520 

2 	I 
S.790 

a/NI 
Hira4(boih;p) Mm. 35615 57/4 j j 102 sr/a P16. 20 0.000 0.000 -0.00 0.090 1.045 6.520 0.650 0.000 3.445 2.800 PIke Ma! 

51err1uiI.,. 
0 

0.000 
0 

4.620 
0 

10275 
/ 

0.000 
7 

0.000 
54 

0.000 
7 

0.000 
0 

0.000 
25 

0.000 
25 Ma? 

aIM 21 0 3 8 0 0 0 0 0 0 
0.000 SIen4erlorlorn 

S1eirIoa,t.ia 
Ma 

2.250 5.160 1800 23.780 6.400 0,040 0.200 0.000 0.000 
0 

0.000 
sr/a/ 
Slersterlanttam 

Westira butterfith 
- 

0.000 
./0 
0.000 

. 
0.000 

_L 
0.000 

_.j 
0.930 

. 
0.755 

j 
1200 

• 
0.000 

... 
0.600 0.025 

Ma 
Western butter/laIr a/NI 22 0 0 0 0 14 6 26 (7 ID / a/NI West,rnbutt,erflh 0.000 0.000 0.000 0.000 0.900 0.710 0.400 0.000 0.080 0.000 WesterabutterOat. N/N Li Li 0 0 68 72 62 0 2 0 MN 0.000 4,165 0.535 Reach  

10.190 0.200 1.140 0.100 0.000 0.010 0.130 ib N/NV 23 0 37 9 74 , 2 /8 / 0 / 2 a/a? Reach 0.000 25.969 1.604 0.000 1.940 0.320 0278 3.177 2.742 1.740 Pasch Ma 
Y,1lavte11.dtru,peter 

0 
0.000 

/586 
38.940 

/4! 
0.250 

0 /472 50 IL? 3/733 6770 2134 Ma 
aIm.? 24 0 208 2 

1.339 0.660 0.090 0.000 0.000 0.000 0.000 Ve11o'.*al1ed trumpeter 
YelIsvte4Ie4trunpeter 2.050 0.500 0.000 

/0 
0.010 

$ 
0.360 

17 
0.180 

0 
0.300 

0 
0.017 

0 
0.026 

0 
0.030 Yellowt.11edtrumpeter ala 

$Ix-hrmdtrumpetir 
/5 

0.000 
8 

66.490 
0 

5.325 
4 

23.880 
/6 

1.910 
4 

3.270 
6 66667 /6 6 $r/sr 

N/NI 25 0 433 38 121 18 
2.300 0.000 2.100 (1(100 Srx-Irrmdtrumpeter 

St-ltaeStrumputar 0.000 1,060 0.760 0.000 0.100 
55 

0040 
'6 

0000 
0 

0.000 
29 

0,084 
0 sr/art 

Ma 0 4! 36 0 4! 8 
0.000 Sx-llesdfru.np,tar 

Slurmnumcrsl 0.000 0.000 0.200 0.050 0270 
0 

0.100 
0 

0.000 
240 

0.000 
0 

0.000 
sr/N 
bllrsrmnrscreb a/N? 

Bluameru,er.b 
26 0 

0.000 
0 

2.630 
/ 

1.040 
1 

2.300 
2 

5.140 
4 

0.090 
,' 

0.160 
0 

0.000 
0 	I NImt 

_______ 0 /4 40 42 3..' /0 4 
0.000 0.000 0lUnsflnscrab 

Wrsternklnqpric.m 27 0.000 0.000 0.006 0.080 0.000 0002 0.000 
0 

0000 
0 

0052 f 
0 

0020 
Sr/N 
Wealernkmnpru'.js 0 0 2 /0 0 2 0 0 /0 	1 4 MN 
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TABLE 6 

LENGTh-FREQUENCIES or JUVENILE WESTERN SAND WHITING 
AND ABUNDANCE DATA FROM BEACH SEINE SAMPLES 

(data standardised to frequency per beach seIne *10; Cf. Table?) 

WINTER PROGRAM 
(26 June - 7 July 1989) 

SIZE CLASS (cm) SIZE CLASS (cm) Total Number 
SAMPLE AREAS Number of of .20 cm BRAND 

2 	3 4 5 6 7 6 9 tO II 12 13 	14 15 16 17 10 19 	20 Juveniles fish TOTALS 
PlO 69 157 30 20 20 3 3 332 332 
P1A 62 164 30 32 15 5 306 5 316 

POND P1 66 178 46 45 Ii 2 4 360 4 364 
South 6 32 24 46 44 18 92 144 126 136 64 32 16 4 790 10 BOO 
North lB 26 66 121 241 348 914 554 511 462 274 126 26 0 3769 8 3797 

POND P0 3 9 30 42 01 141 181 501 399 310 297 169 89 22 2 2204 9 4597 
PROPOSED POND 22 75 44 12 I? 17 17 19 10 12 93 185 112 42 35 10 Il 	6 747 90 637 
USELESS INLET 54 30 0 12 6 14 5 3 12 .2 	4 10 6 8 4 4 162 0 162 
USELESS LOOP 6202 82 50 60 60 20 7 7 10 20 12 	12 12 600 7 607 

NORTII BOAT HAVENLOOI 14 76 30 14 14 4 4 156 0 156 
SOUTH BOAT HAVEN LOOP 10 36 44 64 48 30 14 6 8 10 	5 2 280 0 260 

SUMMER PROGRASI 
(21 January - 0 February 1990) 

- SIZE CLASS (cm) otal of 0' SIZE CLASS (cm) Total of I. Total of Number 
SAMPLE AREAS age class age class 0. end 1. of .20 c~

OTALS 
BRAND 

2 	3 4 	5 	6 	7 6 	9 (2-9 cm) 10 ii 12 13 	14 	15 	IS 	I? 16 19 20 (10-20cm) fish fish  
P18 0 3 14 3 20 20 0 20 
P1A 50 215 570 	515 355 545 2445' 165 5 30 360 405 170 	40 40 35 10 1095' 3540 40 3560 

POND P1 20 	86 228 206 154 216 978 68 9 4 12 144 162 	60 	16 16 14 4 452 1430 14 1444 
South 6 	52 358 514 464 	460 362 	28 2244 4 20 40 254 730 516 300 	132 174 84 76 2332 4576 36 4612 
North 12 90 	70 	56 	76 46 	lB 372 2 4 2 32 	60 	170 152 	90 38 10 14 594 966 55 1024 

POND P0 3 	32 224 292 260 269 205 	23 1306 3 12 21 143 405 344 226 lii 106 47 45 1463 .2771 1 	47 2810 
South 8 383 973 450 318 	Ill 63 	12 2376 2 6 46 44 	62 	113 265 295 178 61 39 liii 3489 76 3565 
North 4 	42 474 248 	66 	34 6 676 2 	4 	4 4 2 6 22 898 355 1254 

PROPOSED POND 6213 723 349 192 102 35 	6 1626 I 3 23 22 	32 	59 132 149 91 32 23 567 2194 216 2410 
South 27 316 776 793 433 1109 1954 373 5783 78 302 438 373 165 	43 	6 25 3 15 1450 7233 70 7303 
North 5 	79 405 409 323 	180 128 	36 1565 14 15 25 3 	5 	lB 	20 56 53 13 225 1790 10 1800 

USELESS INLET 16 199 590 601 378 645 1041 204 3674 7 47 164 220 186 	05 	30 	14 41 26 14 636 4510 40 4550 
USELESS LOOP 106 469 1045 517 143 	16 2 2370_ - ID 	6 	4 10 6 2 38 2416 2 2410 

NORTH BOAT HAVEN tOO! 20 134 	70 	72 	40 2 354 - . 0 354 8 362 
SOUTH BOAT HAVEN LOOP 8 04 162 134 	68 12 468 

- 

- 0 44 132 102 164 118 88 32 12 780 1246 4 1252 

' denotes 2-10 cm and 11-20cm sIze classes for pond P IA 



LProvost, $menIuk & Chairner 

TABLE 9 

WESTERN SAND WHITING 
BIOMASS (KG) AND ABUNDANCE (N) DATA 

FROM SUMMER BEACH SEINE PROGRAM 
(21 January - 8 February 1990) 

POND I 	 POND 0 PROPOSED POND USELESS INLET USELESS BOAT HA"EN LOOP 

SEINE P18 	I 	P1A 	South North South North South North LOOP North 	South - 

I 	IKg 0.030 4.050 17.215 3.930 0.545 0.010 2.995 3.100 0.850 0.050 0.065 Kg 

N O 1 781 2&i 1/7 z4f ô$ 165 79 19 N 
) (01) (4/I) (116) ((1/3) (1/14) (L 1) 041  (5/) - 

2 Kg 0.000 5.700 3.030 2.010 2.800 2.035 0.480 2.800 0.425 0.125 0.000 Kg 

N 
210 11 54 v 12J . 381 666 76 0 N 

I
0

(/1) (/2) (07) (02) (1/2) (1/7) (1/1  6) (11/5) (L2) (87) (82) - 

3 Kg 0.000 - 10.220 3.360 7.700 0.095 0.500 0.275 0.075 0.015 0.000 Kg 
ill 0 383 76 481 67 160 226 /20 22 0 N 

('08) (03) ((13) ((18) (11/8) (1117) (U) (88) (83) - 

4 Kg - - 3.330 0.000 19.200 0.055 16.050 0.330 0.225 000 4.650 Kg 

N 621 0 579 131 2101 41 1/ 0 220 N 1 
(09) ('04) (1/1) ((19) (1/19) (1/20) (LI) (89) (84) - 

5  Kgl 0.150 5.000 0.790 24.660 - - 0.095 0.775 7.640 	1Kg 

iv 110 96 207 2 219 4 557 N 

(0/0) (05) '115) (11/0)  (US) (8/0) (85) 

TOTALS1K9 0.030 9.750 34.005 14.300 31.035 26.855 20.025 6.505 1.670 0.965 12.355 

N 6 716 2305 512 1783 627 292/ 719 /209 /81 625 
IK91  
N 

NUMBER OF I 

BEACH SEINES 3 2 5 5 5 5 4 4 5 5 5  
I 

STANDARDISED1Kg 0.100 48.750 68.010 28.600 62.070 53.710 50.063 16.263 3.340 1.930 24.710 Kg 

TOTALS 1N 20 3580 16/2 /021 3566 /251 7303 1798 21/8 352 /252 N 

P18 	P1A South 	North South 	North South 	North USELESS North 	j South - 
POND I POND 0 PROPOSED POND USELESS INLET LOOP BOAT HAVEN LOOP - 

OVERALL 
STANDARDISED Kg. 19.56 . 	48.305 . 	57.89 . 	33.163 3.34 - 	1332 Kg 

TOTALS* N. 1114 . 	2518 . 	2110 . 	1550 2418 . 	807 N 

ji 	POND 1 POND 0 PROPOSED POND USELESS INLET 1  U-LOOP BOAT HAVEN LOOP 

* Standardised totals are Kg and N per beach seine xlO 
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TABLE 10 

JUVENILE WESTERN KING PRAWN 
BIOIIASS (g) AND ABUNDANCE (N) DATA 

(2) January - ? February 1990) 

SWEEP EXISTING PONDS PROPOSED POND USELESS USELESS BOAT HAVEN LOOP 
AREAS P1 P0 South North INLET LOOP North 	South 

/1 i'OI/ fY11 . 	fYI) t'l/!W (LI) (84) (SC) 
0.0 20.0 90.0 85.0 60.0 20.0 50.0 15.0 gj 
0 12 96 I'20 7.q 22 10 9 

5/3/3/2 28/28/20/20 .V50// 7/17 1612211,1126 5l/W1 5/12/12/9 313/1/2 
(/1.) (02) ()  t'L2.) (881 ISDI - 

2 100.0 50.0 40.0 30.0 50.0. 30.0 10.0 50.0 g 
35 27 22 35 .15 58 II 41 Il 

2/13/13/8 1/6/7/10 1 3/4//I/I 5/9//I//I /3/8/7/17 /2/17/8/21  

(/5) (W (C/f) (U/Of (wS) (C 41 (05)  

3 1.0 40.0 80.0 50.0 90.0 15.0 10.0 60.0 g 
/ 21 9j 51 F/S 39 11 60 

0/0/I/0 2/2/10/10 /9/10/22/23 11/10/19/9 26/2//33/36 7/12/Or/I 6/2/1/2 
(IP) (P06) (1/19) ILS) - 

4 0.0 50.0 - - 50.0 40.0  
0 31 51 78 N 

/2/2/8/12  16/6/12117 22/13/21/17 I 
(08) 

5 - 45.0 - - - 

22 
5/7/7/0  

TOTALS 101.0 205.0 210.0 165.0 250.0 105.0 70.0 125.0 91 
37 /19 211 217 27 197 52 FF0 

STANDARDISED 126.3 205.0 350.0 275.0 312.5 131.3 116.7 208.3 9 
T0TALS 46 119 352 352 353 215 103 183 

1.1 

SAMPLE 0.26 0.68 2.01 2.07 2.07 1.41 0.59 1.05 
DENSITY- 

PROPORTIONAL 13X 33% 97% 100% 100% 68% 29% 51% 
DENS ITV  

Pt P0 South 	North USELESS USELESS North 	South 
EXISTING PONDS PROPOSED POND INLET LOOP BOAT HAVEN LOOP 

IAFPLE DATES 29-31/I 1 	21-25/1 21/I 22/I 22-26/1 26/I 5-6/2 6-7/2 
lAND MOONSET 2 00-2200 1700-2000 1700-1 800 1700-1800 1800-2000 2000 1 0130-0200 0200-0230 

OVERALL WEIGHT OF JUVENILE PRAWNS CAUGHT = 1.231 Kg 
OVERALL NUMBER OF JUVENILE PRAWNS CAUGHT = 1249 

REFERENCE - 	(Iii?) 	==' 	 site ID number 	 I 
50.0 	(==' total weight of prawns (grams) 	 I 

15 	<- = total number caught in Sweep Area 
numbers trom each 250 x 3.5 m sweep 

S each Sweep Area comprises 3500 square metres (see text) 

Standardised Totals represent g and N of prawns caught 
per drag area x 5 (i.e. in 17,500 square metres) 

- Sample Density expressed as number of prawns sampled per 100 square metres 

Proportional density expressed as the percentage of density recorded for Useless Inlet 

L~ 
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TABLE II 

LENGTH-FREQUENCY AND ABUNDANCE DAIA OF 
JUVENILE WESTERN KING PRAWNS 

21 January - 8 February 1990 

Size Class (mm) 
JUVENILE 

AREA - 2 34 5 6 7 8 9 10 II 12 13 II IS 16 I? 18 19 2021 TOTALS 

12 0 
POND P1 II 2 1 5 14 4 7 2 1 36 

IS 1 I 

POND PI 0 0 0 0 0 0 0 0 0 0 2 I 5 14 4 7 1 2 I 0 37 

POND 01 2 I 2 3 3 I 12 
P0 02 2 3 10 5 4 27 

05 3 II. S 3 2 24 
06 4 6 6 10 3 2 .3 31 
08 1 3 7 8 1 I I 1 22 

PONOPO 0 0 0 0 0 0 0 0 6 13 26 28 13 16 9 5 3 000 119 

UI 3 6 17 20 13 16 II 7 3 96 
PROPOSED IJB 1 I 6 5 8 I 22 

POND U3 2 4 6 19 22 27 8 4 1 93 
U4 1 2 10 29 32 39 7 120 
U8 2 I 3 886 3 3 I I 36 
JlO 1 8 9 16 14 10 3 61 

PROPOSED POND 0 0 1 0 2 7 24 51 98 92103 32 12 6 0 0 0 0 0 0 428 

USELESS UIb 1 4 5 lB 21 11 16 4 76 
INLET U 

1 
 7 1 2 7 14 9 6 2 3 I 45 

U18 3 1 10 13 8 9 6 I 51 
U19 8 22 23 29 23 9 2 116 

USELESS INLET 0 0. 0 0 I 5 10 32 67 56 59 38 18 3 I 0 0 0 0 0 290 

USELESS LOOP LI 1 1 2 6 4 4 3 I 22 
COAST L2 2 8 21 18 4 5 58 

14 4 10 5 Ii 3 4 2 39 
L5 2 13 9 21 21 II 1 78 

FREYCINET 0 0 0 0 7 26 24 59 46 23 11 1 0 0 0 0 0 0 0 0 197 

BROWNS BA 5 7 9 8 4 4 2 1 40 
INLET 88 2 I 3 2 I 2 II 

1 (north) 86 1 .2 4 1 3 . 	11 

BROWNS NORTH 0 0 0 0 0 I 0 7 13 10 12 7 0 2 2 2 0 0 0 Uj 62 

BROWNS IBC1 I 2 2 2 1 I 9 
INLET 60 4 6 7 6 10 3 3 2 41 

(30uth) 63 6 9 20 13 7 5 60 

BROWNS SOUTH 0 0 0 0 0 0 0 4 13 lb 28 25 12 8 2 I 1 0 001 110 

BETWEEN PONDS SP 	(Western School Prawns only) 	 I 	4 26 30 17 12 II 	51 	lOB 
PIBANOP2 	i 	 I 	1. 

PIB-P2 	 0 0 0 0 0 0 0 0 0 0 0 0 1 4 26 30 17 12 T-F 51 106 

NB. Carapace lengths measured from postorbital margin to posterior edge of carapace 
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TABLE 12 

WESTERN KING PRAWN ANNUAL CATCHES FROM SHARK BAY 
AND ANNUAL CATCH AND UNADJUSTED EFFORT DATA 

FOR THE DENHAM SOUND TRAWLING GROUND 

Denham 
Shark Bay Sound Proportion of Unadjusted Catch per Year-on-year Variation from 

Yer Catch Catch annual catch effort unit effort variation 1982-89 mean 
(tonnes*) (tonnes*) (5) (units) (kg/unit) CX) (s) 

1970 1024 49 4.8 1677 29.2 - 94.8 

1971 929 39 4.2 1642 23.8 -23.0 58.3 

1972 1389 64 4.6 2827 22.6 -4.9 50.9 

1973 1186 58 4.9 2382 24.3 7.0 62.3 

1974 1433 63 4.4 2607 24.2 -0.8 61.1 

1975 1383 41 3.0 2528 16.2 -49.0 8.1 

1976 1511 143 9.5 7358 19.4 16.5 29.6 

1977 1071 178 16.6 8780 20.3 4.1 35.2 

1978 1371 172 12.5 9777 17.6 -15.2 17.3 

1979 1439 261 18.1 14023 18.6 5.5 24.1 

1980 1398 161 11.5 12914 12.5 -493 -16.9 

1981 2014 - - - - - - 

1962 1328 176 13.3 8548 20.6 39.4 37.3 

1983 1499 134 8.9 8087 16.6 -243 10.5 

1984 1693 83 4.9 7455 11.1 -48.8 -25.8 

1965 1532 115 7.5 9223 12.5 0.0 -16.9 

1986 1494 133 8.9 10040 13.2 5.9 -II.? 

1987 1477 182 12.3 12827 14.2 6.6 -5.4 

1988 1627 351 21.6 16425 21.4 33.6 42.5 

1989 1069 162 15.2 15954 10.2 -110.5 -32.3 

MEANS FOR PERIOD 	1465 	167 	11.6 	11070 	15.0 	31.8 	 22.6 

1982-1989 

* Estimated tonnes liveweight 
NB. Effort not adjusted for vessel power. etc 

Source: WA Fisheries Department 
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FIGURE 266 
Western sand whiting — summer 
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FIGURE 29 
Trumpeter whiting 
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FIGURE 304 
Seo mullet - winter 
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FIGURE 300 

Juvenile sea mullet (<35 cm) sompled from 

in Useless Inlet in summer 
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FIGURE 33 
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FIGURE 34 
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FIGURE 36 
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ABSTRACT 

This report describes a survey commissioned by Meagher and Associates on 

behalf of Shark Bay Salt Pty. Ltd. to identify any Aboriginal archaeological 

sites within an area to be subject'to development, and to evaluate the 

significance of any such sites. The development in question is the 

construction of a bar across Useless Inlet to create a new salt evaporator pond 

(see Figure 2). The impact will occur on areas on the two sides of the inlet 

from which the bar would be constructed, including the quarrying of rock from 

which to construct the bar. On the east side of the inlet, it was not clear what 

the area of impact would be; it is assumed to be the area indicated on Figure 

2 which was examined by the consultants (W area). 

Three previously unrecorded sites were identified in E area, two open midden 

scatters and one rockshelter. A further rockshelter was identified as a 

potential site, but no evidence of occupation was noted. Two previously 

unrecorded sites were identified in W area. The significance of these sites is 

evaluated in this report, and appropriate recommendations are made. 
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INTRODUCTION 

The Centre for Prehistory was approached by Meagher Associates on behalf 

of Shark Bay Salt Pty. Ltd. to secure the services of an archaeological 

consultant for a survey for archaeological sites in the region of Useless Loop, 

Shark Bay. Since Bowdler had been carrying out archaeological research in 

Shark Bay since 1985, it was agreed that she would be the most appropriate 

person to direct the survey. 

The survey was carried out between Monday, 21 August, and Monday, 28 

August 1989, with the assistance of Celmara Pocock, who is otherwise 

employed as an Australian Research Council-funded part-time research 

assistant on Bowdler's Shark Bay research program. The areas to be affected 

were inspected in detail, and, thanks to the generosity of the company and the 

townsfolk, we were also able to inspect other areas of potential research 

interest. 

SHARK BAY BACKGROUND 

History 

No definite history of Shark Bay has been published, but local histories 

include those of Fry (1988) and Lefroy (1978), and unpublished theses by 

Carmody (1970) and von Bamberger (1980) also contain useful information. 

Further details of maritime history may be found in Henderson (1986). 

Dirk Hartog, in 1616, was the first European known to have set foot on 

Australian soil. He landed on the island which now bears his name, and 

which forms the western boundary of Shark Bay. Other navigators followed, 

but few encounters with, or observations of, Aboriginal people were made until 



the Baudin expedition of 1801-3 (Cornell 1974), and Freycinet's return in 

1818, described in detail in Marchant ('1982). From these journeys, we have 

a few descriptions of items of material culture, such as spears, shields and 

clubs. Of a little more interest to the archaeologist are the relatively detailed 

descriptions of clusters of huts, suggesting quite substantial campsites used 

for more than an overnight stay (e.g. Cornell 1974: 507). While smoke was 

seen by navigators on Dirk Hartog Island, Edel Land and the eastern shores of 

Shark Bay, most of the hut sites seen were on the northern half of Peron 

Peninsula. 

In 1827-1829, the British established permanent settlements at King George 

Sound (now Albany) and Swan River (Perth). Thereafter, it was only a matter 

of time before overland explorers passed through. Grey (1841) was one such; 

although he encountered no Aboriginal people, he found evidence for their 

recent presence in the form of huts and fires. Detailed mapping of the region 

was carried out in 1850 and 1858 by Captains Gilman and Denham 

respectively (von Bamberger 1980: 69). 

The first European land use of the region began during the 1 850s. This took 

the form first of the exploitation of the abundant guano deposits on the islands 

and mainland, and subsequently, in the 1860s, the pearling industry began. 

This was of continuing significance in the region, particularly as Aboriginal 

men were taken on as labour on the cutters. It also introduced new ethnic 

groups to the region, Chinese pearlers and Malay contract labourers. 

By the 1880s, all pastoral land had been taken up, the pearling industry had 

reached its productive peak, guano continued to be exploited, as also was 

sandalwood. It is possible that some Aboriginal people were still leading a 

traditional life, but we have no definite information on this point. 
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In the late nineteenth century, while those taking up pastoral leases 

established homesteads, the pearlers and their families had settled in small 

makeshift camps around the shores on the Bay. As the industry flourished, the 

more successful built cottages, particularly in the vicinity of a location known 

as Freshwater Camp, as this was one of the few sources of freshwater. In 

1898, this was declared the townsite of Denham, and the Shark Bay Road 

District was officially gazetted in 1904 (Carmody 1970: 50-53). 

In 1904, the Queensland anthropologist, W. E. Roth, conceived the idea of 

establishing lock hospitals (hospitals specifically for patients suffering from 

venereal disease) for Aboriginal people from northwest Australia in an 

isolated place. The Western Australian government of the day immediately 

adopted this idea, "the unhappiest decision ever arrived at by a humane 

administration, a ghastly failure to arrest the ravages of the disease, and an 

affliction of physical and mental torture that it could not perhaps have been 

expected to foresee", Daisy Bates tells us (1938: 97). The hospitals were sited 

on Dorre Island, for women, and on Bernier Island, for men. Bates visited 

these institutions in 1910, and described the appalling plight of the inmates, 

Aborigines suffering from leprosy and venereal disease, brought from as far 

afield as Halls' Creek, Broome, Marble Bar and Lake Way. This "ghastly 

experiment" (Bates 1938: 104) was abandoned in 1911. It is generally 

assumed that these bleak islands had not previously been occupied by 

Aboriginal people. 

The local Shark Bay Aboriginal people meanwhile had become reasonably 

well-integrated with the British, Chinese and Malay settlers, and their 

population was fairly stable through the early twentieth century (von 

Bamberger 1980: 79). With the demise of the pearling industry during the 

1930s-40s, a new fishing industry had begun to emerge, which continues to 
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this day. The salt works at Useless Loop were established in the early 1960s, 

and employs people from Denham as well as elsewhere. 

Anthropology 

It will be apparent from this brief historical sketch that we know very little about 

the traditional life and customs of the pre-European Aboriginal people of 

Shark Bay. It is not even clear whose territory the region was, whether it 

belonged to the Nanda people or the Mulgana people (Brown 1912; Tindale 

1974: 249-50 and map; Bates 1985: 58; von Bamberger 1980: 65-7; Phillip 

Playford, personal communication). 

Only one piece of sustained anthropological research has been carried out in 

the Shark Bay region. Von Bamberger (1980) addressed the question of the 

socialisation of Aboriginal children in the Denham community. Otherwise, little 

systematic work has been done. The Department of Aboriginal Sites of the 

Western Australian Museum has recorded information about Aboriginal sites 

of the historical period, including sites on Tamala station, and also the site of 

Willi Mia, the pearlers' camp on Heirisson Prong. 

Natural History 

Shark Bay covers about 13,000 km2  between the 25th and 27th latitudes and 

between longitudes 113 and 115. The climate is semi-arid Mediterranean, 

with an average rainfall between 200 and 222 mm. This is however counter-

acted by high evaporation (2000 mm p.a.), and complicated by a cyclonic 

weather pattern; rainfall is therefore unpredictable, and accessible fresh water 

is rare. Most rain usually falls in the winter months - May, June and July. 

Relative humidity ranges from 30% at Hamelin Pool to 80% in more oceanic 

areas. Prevailing winds are southerly and blow strongly, particularly between 

October and March, averaging 10-15 knots, but reaching up to 25 knots in 

January and February. January temperatures have an average maximum of 
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36.70, while in June the winter minimum is 9.90  (Logan and Cebulski 1970: 6; 

Butcher et al. 1984). 

Generally speaking, the country consists of undulating sandy hills covered in 

low heathy vegetation. The highest point is about 200 m above sea level. 

Only Quaternary sediments are exposed in the Shark Bay area. The oldest 

unit is considered to be Peron sandstone of early Pleistocene age, which 

underlies most of Peron Peninsula and Faure Island. On the east coast of 

Edel Land, it generally underlies the Tamala aeolianite, also considered to be 

of early Pleistocene age. Tamala aeolianite also occurs on Dirk Hartog, 

Bernier and Dorre Islands. These formations both probably originated as 

complexes of dunes thrown up during a period when the sea was 

approximating its present level. More recent formations include the Bibra and 

Dampier limestones which only occur in isolated patches. 

Other exposed units include sandplain and dune deposits of medium to 

coarse grained unconsolidated quartz sand, named by Logan et al. (1970) the 

Nilemah Sands, and thought to have formed between 15,000 and 25,000 

years ago. These are partly consolidated by vegetation, and rise up to 50 m 

with interdunal depressions at approximately sea level. These swales often 

contain evaporite pans known as 'birridas', which retain water for some 

months after heavy rains. 

The area lies mostly within the Eremaean Botanical Province, although the 

southeast end falls in the Southwestern Botanical Province. The most 

common type of vegetation is an open shrub-spinifex steppe, dominated by 

Acacia and Triodia (spinifex) (Beard 1976). We have no evidence as to what 

plant foods may have been exploited by Aborigines in prehistoric time. 

Several of the species which do occur are in fact edible. 
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Several mammal species have been recorded as originally present in Shark 

Bay which now appear to be locally extinct; it is of course not now possible to 

assess their former abundance (Clark 1987). Occasional emus and red 

kangaroos are still to be seen. The most obviously abundant resources are 

however those of the sea: shellfish, fish, crustacea, dugong and turtle. 

In terms of resources for human exploitation, it would seem that fresh water 

must always have been a limiting factor at Shark Bay. 

SHARK BAY: PREVIOUS ARCHAEOLOGICAL RESEARCH 

Prior to my own research, little was known archaeologically of the region. A 

geologist, van de Graaff (1980), collected stone artefacts from surface sites on 

Peron Peninsula and inferred long-distance raw material sources. Further 

collecting of stone artefacts from surface sites was carried out by Denis Byrne 

in 1980 (unpublished) when he was employed at the University of Western 

Australia. A small mitigation survey was carried out by Maynard (1981) of two 

small areas at Monkey Mia and Wooramel, in anticipation of the construction 

of Telecom masts. At each place she found a surface site, both of which she 

described as being of "minor archaeological significance". 

I have been carrying out archaeological field work at Shark Bay since 1985, 

for purposes of pure research and also as training for undergraduates from the 

University of Western Australia. This work has involved the location and 

recording of prehistoric archaeological sites, surface collecting to sample 

artefacts and also to provide dating materials, and test excavation of some 

selected sites. The general aims have been to provide a chronological 

framework for prehistoric occupations of Shark Bay, to investigate the nature 



of that occupation and see what changes might have occurred through time. 

Only recently have we begun to put together some of the answers. 

Site Types 

Table 1 shows the numbers of sites previously recorded, according to the type 

of site. The bulk of these are open shell midden sites, that is, surface scatters 

of marine shell, usually associated with stone artefacts and sometimes with 

other faunal remains such as crab claws and mammal bones. Of the 64 

known, 60 were recorded on the Peron Peninsula. Most directly overlook the 

shoreline or are very close to it. 

The two rockshelter sites are at Monkey Mia. Test excavations were carried 

out here under my direction in 1986 (ee below). The value of rockshelter 

sites is that they may contain stratified deposit which contains cultural remains, 

and which may be excavated, thus providing chronological information. 

Rockshelters are not however necessarily sites in themselves, as they may not 

contain cultural material. In the first place, it is necessary to ascertain whether 

they appear to contain any substantial deposit. If they do, they may be 

considered potential sites. If they contain stone artefacts on the surface, or 

Aboriginal art on the walls (not as yet known in the Shark Bay area), they may 

be classified definitely as sites. Where there is deposit but no obvious 

artefacts, it may be that only test excavation can establish that a rockshelter is 

indeed a site. 

Some sites are recorded as "ethnographic" sites: these are sites identified by 

Aboriginal people as having historical significance. One of these is the 

Pearlers' Camp, Willimia, at Heirisson Prong, which also encompasses 

scatters of midden material. The other ethnographic sites are all from the 

Tamala region, and most were identified by a Department of Aboriginal Sites 

survey carried out in 1979. The two known burial sites are also from the 



Tamala region, as is one of the stone arrangements. The other stone 

arrangement is at Crayfish Bay, and the putative fish trap is near Denham. 

The quarry sites and the six (non-ethnographic) surface scatters of stone 

artefacts are at Yaringa, and were studied by Allison Clark (1987) as an 

Honours project under my direction. 

Research results to date 

My research has so far focussed on open midden sites and rockshelters on 

the Peron Peninsula. In the case of the former, these appear to generally 

consist of superficial scatters only, but in some cases it is possible that we are 

looking at eroded stratified sites. Even where no stratification is present, other 

chronological clues may be found. 

Shells found at these sites are usually common marine species including 

baler (Melo sp.), turban (Turbo sp.) and oyster (Saccostrea sp.). Of particular 

interest is the occurrence of Terebralia (mudwhelk) shells. These animals live 

in mangrove environments (Wells 1980) but there are very few of these of any 

size along the Peron Peninsula today. Terebralia shells do not occur at all 

sites; they are found at 29 sites, all on the west side of Peron Peninsula on the 

coastline stretching between Denham andGoulet bluff. When they do occur, 

they tend to be abundant, particularly on sites in the Eagle Bluff region. 

On the east side of Peron Peninsula, no midden sites with Terebralia have 

been recorded. On the other hand, only at these sites do we find the remains 

of dugong and turtle. 

Artefacts of stone are found on most midden sites, and are sometimes 

abundant. Artefact types include those known to archaeologists as "backed 

blades", "adzes" and "adze slugs". These are typical of a pan-Australian 
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complex known as the Australian Small Tool Tradition, everywhere 

dated to within the last 4000 years or so. At some sites also, artefacts are 

found which indicate a date within the historical period, the last 150 years of 

so. These include álay pipes, and also nineteenth century bottle glass flaked 

like stone artefacts. 

Marine shell is a suitable material for radiocarbon dating. This means that 

shells may be collected from a site and submitted for dating. Such a 

technique may thus provide a general age for an unstratified midden site, 

although it does of course lack the precision of dating obtained for stratified 

materials. The sample collected may indeed represent shells gathered at 

completely different periods, but at least a general antiquity may be 

suggested. 

Samples of shell from three open midden sites on the west side of Peron 

Peninsula have been dated (Table 3). Two samples from an extensive site at 

Eagle Bluff produced dates of 4690 +1- 220 BP (= before present) and 4870 +1-

90 BP respectively. A site somewhat further south was dated to 3970 +1- 70, 

and another between Eagle Bluff and Denham was dated to 3460 +1- 70. (1)  At 

the first two sites, the dates were actually obtained from Terebralia shell; at 

the last, the material dated was baler shell, but Terebralia was present at the 

site. 

During a recent field trip, attempts weremade to excavate at open midden 

sites. One of these was the large site at Eagle Bluff previously dated, and an 

attempt was made here to see if any stratified deposit was present. This site is 

extensive in area, and is carpeted with shells including Terebralia, and stone 

artefacts including adzes and adze slugs. Some stratification was evident, but 

(1) These are uncorrected shell dates. The actual age is of the order of 450 years more recent 

than the obtained values (Bowman 1985). 



it is still unclear to what extent the top of the deposit has been stripped away. 

No analysis or dating of the excavated material has yet been carried out. 

Another open midden site, to the north of Eagle Bluff, was also trial excavated. 

This site, while not as extensive as the one at Eagle Bluff in area, is more 

densely covered with shells and stone artefacts. The former include 

Terebralia in large numbers but, interestingly, the stone artefacts do not 

include adzes, slugs or backed blades. There was found to be a considerable 

depth of stratified deposit. The analysis is in an early stage as yet, and no 

radiocarbon dates have yet been obtained, but an interesting sequence is 

evident. In the top part of the deposit, marine shell including Terebralia is 

present, in association with vertebrate remains which include fish otoliths (ear 

bones or "balance stones"), macropod teeth and emu eggshell. In the lower 

part of the deposit, marine shell and fish remains do not occur, although 

macropod teeth and emu eggshell are still present, the latter in some 

abundance. Stone tools occur throughout, without any change being (so far, 

at least) evident. 

With respect to rockshelters, very few with any evident research potential have 

been located on the Peron Peninsula. Two were found at Monkey Mia, and 

these were test excavated in 1986. In the first shelter, the largest and also the 

nearest to the Monkey Mia settlement, the deposit was excavated to a depth of 

104 cms. The contnts included pieces of glass in the top 17 cms, stone 

artefacts (mostly small chert flakes) to a depth of 96 cms, and pieces of bone 

and marine shell throughout. Faunal remains were not abundant, but 

included a range of animals including dugong and turtle. There was also a 

variety of marine shell, but no Terebralia. A radiocarbon date of 650 +1-

200 BP was obtained from charcoal at a depth of 92 cms below the surface. 
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The second shelter a similar deposit was excavated to a depth of 133 cms. 

Stone artefacts wee found only to a depth of 84 cms. There was rather less 

artefactual and bone material than in the first shelter, but the amount of shell 

was similar. Turtle bone was found but not dugong, and again no Terebralia 

shells were present. A radiocarbon date of 1100 +1- 300 BP was obtained 

from charcoal from a depth of 58 cms below' the surface. 

Research significance 

The data gathered so far are sparse, and much remains to be analysed and 

dated. It is possible however to suggest a speculative sequence for the Shark 

Bay region, and to assess the significance of newly recorded sites against this 

research background. 

Of particular importance to considerations of past human behaviour in 

Australia is an understanding of past sea levels and associated environmental 

change. During periods of increased glacial activity during the Pleistocene 

(Ice Age, 2 million - 10,000 years ago), sea levels were globally lower. 

Detailed sea level curves have been calculated for the last 120,000 years (see 

especially Chappell and Shackleton 1986), which, in our current state of 

knowledge, comfortably brackets the period of human occupation of Australia. 

The continent of Australia (including the island of New Guinea) has, as its 

predominantly marsupial fauna attests, always been separated by a water 

barrier from Southeast Asia and the rest of the world. Human colonists must 

always have had to make a water crossing to get here, but the distance of the 

crossing would have been lessened during times of lowered sea level. I have 

argued elsewhere (1977, in press) that colonists coming by sea would 

probably have been well-adapted to exploiting its resources. Assuming that 

the earliest colonists clung to the coastal fringes, therefore, it follows that if 

they arrived at a time of lowered sea level, their earliest sites would have been 

submerged beneath rising seas, and remain so to this day. 
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125,000 years ago the sea was some 6 m higher than it is now. It dropped to 

about 60 m below its present level 112,000 years ago, then rose again to 

about —20 m 106,000 years ago and fluctuated between these levels until the 

height of the last glacial event. This was about 18,000 years ago, when the 

world's sea levels plunged to their maximum depth of 130 m below present 

levels. After that last severe glacial period began to ameliorate about 14,000 

years ago, the sea rose relatively rapidly to reach its present level 6000 years 

ago. 

The oldest firmly dated evidence for the human occupation of Australia is the 

site of Upper Swan, near Perth, where stone artefacts in an old alluvial terrace 

of the Swan River are associated with charcoal dating to 38,000 years BP. 

Most of our firm evidence is rather more recent than this, possibly due to the 

case argued above, that many early sites are submerged. This argument is 

supported by recent evidence from archaeological sites in the northwest. 

A rockshelter on Koolan Island, just off the west Kimberley coast, has 

produced evidence of human occupation dating to 26,000 BP. Another 

rockshelter on the nearby mainland has been dated to 28,000 BP. The 

Koolan Island site is not continuously occupied; above the 26,000 date is a 

date of 24,000 and directly overlying that date is one of c.10,000 BP, 

suggesting a hiatus of both occupation and deposition. Significantly, the 

oldest date was obtained from a sample of marine shell. The excavator, Sue 

O'Connor (in press), extrapolates a date for first occupation of the shelter of 

30,000 BP, which corresponds with one of the times when sea level rose, 

bringing it close to the Koolan rockshelter. The hiatus between 24,000 and 

10,000 corresponds with the retreat of the sea at the last glacial maximum. 

O'Connor (in press) interprets this sequence as evidence that people were 

living on the Pleistocene coastline, exploiting marine resources, and following 

the rising and retreating sea. 
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A very similar sequence has been found in a rockshelter at North West Cape. 

In Mandu rockshelter, there is evidence for human occupation with the 

exploitation of marine resources at 25,000 BP. This site has a more extended 

hiatus, between 20,000 and 2500 BP, which still encompasses the maximum 

retreat of the sea (Morse 1 988b). 

The fact that no evidence of human occupation older than c.5000 BP has yet 

been found in the Shark Bay area may be due to the limited amount of 

research so far carried out. It may be indeed that analysis and dating of 

recently excavated material will help to fill this gap (see below). It may, on the 

other hand, be because the area was not occupied during the Pleistocene. 

The lack of freshwater in recent times has been described as a limiting factor 

for human occupation; this would have been considerably exacerbated 

during the Pleistocene, which we know to have been a period of considerable 

aridity (Wyrwoll 1979). Or, drawing on the examples of Koolan Island and 

North West Cape, occupation may have preceded a considerable hiatus 

which would make it difficult, if not impossible, to identify in this particular area. 

Turning to the Holocene (Recent period, the last 10,000 years) evidence, we 

have several open midden sites with large numbers of Terebralia shells, 

indicating the exploitation of what must have been quite dense mangrove 

communities, which simply do not exist in the vicinity today. These sites 

appeared to be limited to the west side of Peron Peninsula, and dating 

suggests they are of early to mid-Holocene age, between 5000-4000 BP 

where Terebralia shells themselves have been dated direct. One midden site 

with Terebralia present produced a date of 3500 BP from another kind of shell. 

Dated rockshelters from the east side of Peron Peninsula, where sites with 

Terebralia shells have not so far been identified, show evidence of occupation 

only within the last 1000 years. This pattern may reflect a wider phenomenon. 
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Morse (1988a) has carried out a survey of the cliffs near the Zuytdorp wreck 

site, just south of Shark Bay. She obtained dates from two shell midden sites 

of 4600 and 4000 BP respectively. She concluded that Aboriginal occupation 

of the area was probably occasional only, in that the area has fewer and less 

accessible resources for human occupation than Shark Bay. Morse (personal 

communication) has also obtained dates for two open midden sites in the 

North West Cape area of 5200 and 5000 BP. Some of these sites show 

extensive exploitation of mangrove resources. 

Evidence is accumulating from other parts of northern Australia, and indeed 

Southeast Asia, that when the sea reached its present level about 6000 years 

ago, extensive stands of mangroves wee established in estuarine areas, and 

that these provided important resources for Aboriginal people (Woodroffe et al. 

1985, 1988; Hope et al. 1985; Allen 1987). These mangrove swamps were 

however generally replaced between 5000 and 3000 years ago by open 

floodplains, and this is reflected in changes in archaeological sites (Allen 

1987). Other evidence suggests that the early Holocene climate may have 

been somewhat moister and warmer than that of more recent times (Bowler et 

al. 1976;' Wyrwoll 1979). 

The Shark Bay evidence so far fits this pattern well. Sites with Terebralia 

shells so far dated are 3500 years old and older. Many of these sites do 

include elements of the Australian Small Tool Tradition, which suggests they 

should be younger than 4000 BP. The recently excavated open midden site 

described above, however, completely lacks this element. No such tool types 

were found in the test excavation, nor were any seen on the surface which 

was carefully scrutinised, and from which a large systematic surface collection 

was made. It seems reasonable therefore to argue that this site is entirely 

older than c.4000 BP. It has abundant Terebra!ia remains. Furthermore, in 

the lower part of the deposit, marine elements such as shells and fish remains 
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are absent, while artefacts, macropod teeth and emu eggshell are present. It 

is conceivable that this is an artefact of differential preservation, but it is also 

possible that we are seeing a period of occupation which predates the sea 

reaching its present level 6000 years ago. Samples from this site are now 

being submitted for dating, but the results are unlikely to be available for a few 

months. 

It will be seen that the evidence so far accumulated provides a framework for 

assessing prehistoric sites in the Shark Bay area. In particular, sites with 

Terebralia shells in areas where mangroves are not now abundant are 

deserving of particular consideration. While it is not necessary to argue that 

all such sites should be conserved in perpetuity, it is desirable that any such 

sites should be investigated before they are disturbed, if that is a possibility. 

Any site with the potential for excavation, that is, any site with a stratified 

deposit, especially a rockshelter, is of research significance. 

ARCHAEOLOGICAL SURVEY, USELESS LOOP 

Survey Area: Description and Methodology 

Salt Bay Shark Pty. Ltd. is interested in constructing a new evaporation pond 

in Useless Inlet, to the north of those already in place. This entails the 

construction of a bar across the inlet, as indicated in Figure 2. The effect of the 

pond in itself would be negligible with respect to any sites located on its 

edges, as it will not raise water levels significantly. The actual construction of 

the bar however demands the use of local rock, and this will be quarried from 

the two areas adjacent to where the ends of the bar will be. It was therefore 

necessary to survey those areas in which the quarries are likely to be sited. 

There are thus two areas involved, one on the east side of the inlet (area E) 

and one on the west side (area W). We were told that, for area E at least, it 
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was intended to preserve the dunal ridge on the west side which runs along 

the coast. 

Area E was clearly marked out for us on an aerial photograph, as indicated in 

Figure 2. It comprises about 84 hectares and lies between the coast and an 

area of tidal creek. Geologically, it is underlain by Tamala aeolianite which 

outcrops on the east and west sides of the survey area. Over the aeolianite 

are light coloured sands, somewhat consolidated by vegetation, but subject to 

blowouts here and there. These sands may be a local facies of the Nilemah 

sands, but do not appear to be nearly as weathered as they are on the Peron 

Peninsula. The vegetation is a shrub steppe, which includes ericoid shrubs, 

spinifex and Acacia ligulata (Beard 1976). It is not especially dense on the 

sides of the survey area near the coast on the west side, nor the east side on 

the tidal creek, but is thicker in the central part of the survey area, where the 

visibility of the ground surface is considerably diminished. 

Of particular interest was the occurrence of small stands of mangroves, where 

the vehicle track runs down to the mouth of the tidal creek before turning to the 

east. Careful inspection of these stands did not however show the presence 

of Terebralia, not even empty shells. 

We were initially driven to the survey area by Mr. Gavin Privett, and inspected 

it superficially. A vehicle track goes right to the north end of this area. We 

returned for a detailed inspection, aiming for as complete a coverage of the 

designated area as possible. Previous work in the Shark Bay area suggested 

two priorities: firstly, that open shell midden sites are likely to be located in 

somewhat elevated situations, directly overlooking the coast; and secondly, 

that any potential areas where rockshelters were likely to occur, and any 

potential rockshelter sites themselves, should be carefully inspected. 

Accordingly, we inspected closely both sides of the survey area where 
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aeolianite outcrops were visible, and also the ridge/dune tops overlooking 

both the coast and the tidal creek. The more interior part of the survey area 

was traversed systematically at c.10 m intervals. We considered that we 

inspected 100% of the area where sites are likely to occur, and at least 10% of 

the area where sites are not likely to occur. 

Area W was not as clearly defined. It is not accessible by road, and we were 

taken there in a dinghy by Mr. Privett and by Mr. Dale Cock, who indicated 

what they thought the likely area where the quarry would be located. This is 

indicated in Figure 2. It appears to be similar to area E in terms of geology 

and vegetation, but with fewer outcrops of aeolianite, and no areas of 

rockshelter development. We inspected all of this area which we thought 

likely to be affected, particularly the dunal ridge overlooking the coast. 

Since I hold a Permit (No. 79) from the Aboriginal Cultural Materials 

Committee and the Department of Aboriginal Sites of the Western Australian 

Museum, which allows me to carry out surface collections and test excavations 

in the Shark Bay area, it was considered appropriate to collect surface 

materials from sites where that would forward the purposes of the survey. Test 

excavation can only be carried out after consultation with the Registrar of the 

Department of Aboriginal Sites. 

Survey Results 

In area E, three sites were identified, two open middens and one rockshelter, 

all on the west side of the survey area. One further potential rockshelter site 

was identified on the east side of area E. In area W, two open midden sites 

were identified. 

Additionally, we were able to visit areas outside the survey area. This has 

enabled us to record other sites, including several not previously recorded, 
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which enhances considerably the assessment process. Detailed descriptions 

of the sites within the survey area follow, with notes on sites recorded outside 

the survey area. 

AREA E: USELESS INLET 1 

(grid ref. 980 362 on map sheet 1 545/Edel, 1:100,000 topographic). 

This is an open midden scatter located on the southwestern edge of the 

survey area. It Consists of small exposed patches about 3 m by 3 m within a 

larger area of about 200 m by 200 m. It occurs on a small prominence directly 

overlooking the coast, about 3 m from it and 10 m above sea level. It occurs in 

white-yellow sands overlying Tamala aeolianite. The patches are a 

moderately dense scatter of shells, dominated by Turbo, but with several 

Terebralia present, as well as some baler fragments and bivalves. Two flakes 

were noted, one of red silcrete and one of the local calcrete. A crab slaw and 

several otoliths (possible snapper) were also seen. No European material 

was present. 

AREA E: USELESS INLET 2 

(grid ref. 984 362 on 1 545/Edel). 

This is a rockshelter located at the south end of a small bay on the west side of 

the survey area, to the north of Useless Inlet 1 (see Figure 2). It is at the foot of 

the dunal ridge here, directly looking over the beach, about 1.5 m above the 

high water mark and 350 m from it. The entrance faces NNE and is about 20 

m across and less than 2 m high. It opens up quite a lot inside however, 

sloping up quite steeply for about 30 m. The internal area would be about 

20 m by 30 m. There is a reddish sandy floor. No sign of Aboriginal 

prehistoric occupation was immediately visible, although there were several 

- 	 signs of more recent visitation. Careful inspection finally produced a fragment 

of Terebralia shell, anda small hand hole to a depth of about 50 cm stopped 

when a flat water-rounded pebble with a flake off was encountered. Some 



disturbance to the site is evident from a small water channel, and possible 

also rabbit activity. 

AREAE: USELESS INLET3 

(grid ref. 985 363 on 1545/Edel) 

This open midden site is located on the ridge behind and above the rock—

shelter, Useless Inlet 2. It consists of patchy exposures within an overall area 

of about 50 m by 20 m, on light coloured sand overlying Tamala aeolianite. It 

is about 50 m from the shoreline and 10 m above it. It is a dense to 

moderately dense shell scatter, dominated by Turbo and Terebralia shells, 

with some baler fragments and bivalves. Five flakes were seen, of chert and 

silcrete. A crab claw and three (snapper?) otoliths were seen. Collections 

were made at this site; all the flakes, otoliths and crab claw were collected, 

along with a sample of Terebralia shells and a sample of Turbo shells. 

AREA E: ROCKSHELTER 

On east side of survey area possibly NOT within it (grid ref.370 980 on 1545/Edel) 

The shelter is located at the foot of the dune/ridge in aeolianite, and is only 

1 m or less high, but goes into rock a fair bit. One Terebralia was noted on 

the floor of the shelter, which has a coarse sandy floor. There would appear 

from limited probing with a peg to be up to at least 20 cm deep deposit, but no 

artefacts were noted. 

AREA W: BELLEFIN PRONG 1 

(grid ref. 321 990 on 1545/Edel) 

This site is located on top of the dunal ridge behind the beach at the south end 

of a small bay, with aeolianite outcropping at the back of the beach and the 

foot of the dune. It is about 200 m from the shoreline and 20 m above it. It 

comprises a sparse midden scatter, extending patchily along about 120 m by 
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2 m on top of the ridge, and comprises only a single turban shell, a piece of 

baler and two chert flakes, one showing bipolar working. 

AREA W: BELLEFIN PRONG 2 

(grid ref. 321 993 on 1545/Edel) 

This site is located about 300 m north along the top of the ridge from Bellefin 

Prong 1. It overlooks the same small bay but is located above a break in the 

limestone rock, allowing direct access to the sandy beach. It consists of 

moderately dense scatter of midden in light coloured dune sands, some 5 m 

from the shoreline and 10 m above it. It consists of two scatters of 10 m by 

10 m and 3 m by 3 m within an overall area of 30 m by 15 m. It is dominated 

by Turbo shells, but is interesting in that NO Terebralia were noted. Lots of 

baler fragments were present, two chert flakes and several, crab claws. 

Sites outside the survey area: 

WILl MIA: PEARLERS' CAMP 1 

(grid ref. 360 150 on 1545/Edel; Department of Aboriginal Sites No. P5960) 

This site is of particular interest, as it is of continuing significance to Aboriginal 

people. A detailed recording has been carried out by Ms. Elizabeth Bradshaw 

of the Department of Aboriginal Sites, in collaboration with Mrs. Jane Winder 

(now, it is believed, of Carnarvon), who was born here in 1892. There are 

areas on the periphery of the Pearlers' Camp proper where Aboriginal people 

camped in historical times. Mrs. Winder suggested to Ms. Bradshaw that 

Aboriginal people did not camp here in prehistoric times because of the lack 

of fresh water. It is of interest therefore that in those areas described as 

Aboriginal camps, as well as flaked glass, ceramic material including clay 

pipes and flaked stone artefacts, we noted the presence of Terebralia shells, 

which raises the possibility that there were prehistoric camp sites here of 

some antiquity. 
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PEARLERS' CAMP 2 

(grid ref. 364 153 on 1545/Edel) 

An open midden scatter was located about 700 m along the coast north of the 

Pearlers' Camp, consisting of several small exposures within an area of about 

200 m by 20 m, on a light coloured dune over Tamala aeolianite. It is about 5 

m from the sea and 12 to 15 m above it, and comprises a sparse scatter of 

Turbo and Terebralia shells, with quite a few baler fragments and some 

bivalves. Two chert flakes and two silcrete flakes were noted, along with 

several crab claws. 

USELESS LOOP 1 

(grid ref. 421 058 on 1545/Edel) 

This open midden scatter is located south of the Useless Loop township. It is 

located on the sand ridge running along by the coast, and is about 250 m 

south of a Lands and Survey benchmark labelled EDL 35. It is a moderately 

dense midden scatter in light coloured sand overlying aeolianite, about 20 m 

'above the coastline and 3 m from it. It consists of over 20 Terebralia shells in 

an area of about 10 m by 3m. 

ANT ISLAND POINT 

(grid ref. 442 037 on 1545/Edel) 

This extensive open midden is located on the point which terminates in a 

small tombola known locally as Ant Island. The site is on the rise of the point 

opposite the actual tombola. No sites were found on Ant Island itself. The 

midden in question is at least 500 m by 500 m in overall area, mostly of 

moderate density, but quite dense in places. It is 3 m from the sea where it is 

closest to it, and between 2 to 8 m above it. It lies on light reddish sand over 

aeolianite, and comprises abundant Turbo, Terebralia, baler and chiton shells 

with some bivalves. Artefacts are all made of the locally available calcrete; no 
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chert or silcrete was noted. Otoliths were present, possibly two species 

(snapper and whiting?). Beneath this site, on the south side of the ridge on 

which it lies, is a rockshelter with signs of recent habitation and what appears 

to be a considerable area of deposit. This shelter looks as though it would 

repay test excavation. 

USELESS LOOP SALT WORKS 

(grid ref. 395 096 on 1545/Edel) 

This site is located in a current dune reclamation area on the east side of the 

road that rises up from the north end of the causeway from the Useless Loop 

townsite to the Salt Works office and jetty area. It consists of sparse scatters of 

20 m by 20 m and 5 m by 5 m within an overall area of 200 m by 100 m. It is in 

blowouts in light coloured dune sand overlooking the sea, about 6 m above it 

and 3 m from it in a straight line. It comprises Turbo, Terebralia, baler and 

chiton shells, with some bivalves. Some flakes made of caicrete were noted. 

COSY CORNER 1 

(grid ref. 378 069 on 1545/Edel) 

This site is a moderately dense midden scatter on a flat raised area on the 

south end of the beach known locally as Cosy Corner; a road down to the 

rocky coast cuts through it. It is about 10 m by 10 m in area, 4 m from the 

shoreline and about 5 m above it. It lies on a red-brown sand over aeolianite. 

There is a faint possibility of some stratified deposit. Numerous Turbo, 

Terebralia, baler and chiton shells occur, but only one flake, of silcrete, was 

noted. Of particular interest, in the light of recent work on the Peron 

Peninsula, was the presence of abundant emu eggshell fragments. 
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COSY CORNER 2 

(grid ref. 379 076 on 1545/Edel) 

This site is at the north end of the bay including the Cosy Corner beach. It is in 

a blowout in light coloured dune sands, and comprises a sparse scatter of 

baler and bivalve shells. Two chert flakes were noted, and also a clay pipe 

stem. It is interesting to note that this site has such a sign of recent 

occupation, and NO Terebralia shells. Some crab claws and otoliths were 

noted, the latter being mostly of the kind thought to be from snapper, but 

including also one mulloway otolith. 

A visit to the west coast of Edel Land allowed some sites to be recorded in a 

rather different environmental situation. 

FALSE ENTRANCE WELL 

(grid ref. 305 798 on 1 545/Edel, Department of Aboriginal Sites No. P0634) 

This site is assumed to be one previously recorded, but very sketchily. It 

consists of a moderately dense midden scatter over a wide area, but with a 

noticeable and possibly less disturbed patch off the side of the vehicle track 

which goes through it. This patch, about 8 m by 8 m, is located south of the 

track leading away to the coast from False Entrance Well, about 500 m from 

the well itself. Some flakes of calcrete and coarse quartzite were noted. Shell 

species differed here from those within the Bay, as might be expected; they 

included oysters, nerites, abalone, limpets and some Turbo shells. The site is 

a good 1.5 km from the coast, and at least 10 m above sea level. 

CRAYFISH BAY 1 

(grid ref. 295 837 on 1 545/Edel) 

This midden scatter occurs to the east of the vehicle track from False Entrance 

Bay to Crayfish Bay (marked on the map as Epineux Bay for the 

Francophones), near the south end of the bay. It comprises a rather extensive 
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scatter, about 200 m by 200 m in light coloured sand with some aeolianite 

outcropping. A bit of a darkish horizon is visible in places. It is about 750 m 

from the sea and 3 to 4 m above it. Shells include Turbo and Terebralia, the 

latter abundant in places, plus some baler, limpets, nerites and thaids. It is 

moderately dense in places but mostly sparse. Some flakes of caicrete are 

present. 

CRAYFISH BAY WELL 

(grid ref. 293 850 on 1 545/Edel, Department of Aboriginal Sites No. P1151) 

This mysterious site consists of boulders at the back of the beach which have 

clearly been piled up by human hands to form a sort of .a wall. I understand 

the reasons for regarding it as of Aboriginal origin are historical. It does not 

appear to be very functional. 

CRAYFISH BAY 2 

(grid ref. 295 845 on 1545/Edel) 

The vehicle track running along behind the Crayfish Bay beach bisects this 

extensive midden site towards the mid to north part of the Bay. It measures 

some 100 m by 300 m in area, is located about 50 m from the shoreline and is 

about 2 m above it. It occurs in light coloured dune sand; a slightly darker 

horizon is visible in places. It varies from moderately dense to very dense 

indeed. Flakes of calcrete and coarse quartzite are present. Tere bra/ia 

shells are present, occurring in patches. Turbans, thaids and nerites are 

abundant, and some chitons and baler fragments occur. Of.  interest is the 

presence of numerous thick broken up chunks of Tridacna (giant clam), used 

elsewhere for making artefacts. Sea urchin fragments are also abundant in 

patches. 
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ZUYTDORP POINT 

(grid ref. 293 780 on 1545/Edel). 

This site is found on the crest of Zuytdorp Point at the south end of False 

Entrance Bay. It is a midden scatter located some 12 m above the sea, which 

it directly overlooks in a sheer drop, although it is easily accessible from the 

beach. It is a sparse midden scatter of about 10 m by 20 m in area, 

comprising Terebralla, Turbo, thaid and limpet shells. One calcrete flake was 

noted. 

DISCUSSION AND SIGNIFICANCE ASSESSMENT 

Within the survey areas, five new sites were recorded. In the east part of the 

survey area, these comprised a rockshelter and two open midden sites. A 

second rockshelter is not demonstrably a site, but may have research 

potential. In the west part of the survey area, two open midden sites were 

recorded. In assessing the archaeological significance of these sites, the 

main criterion is their potential to contribute to our understanding of the 

prehistoric past, that is, their research potential. This is considered against the 

outline of previous archaeological research and current questions, above, as 

well as how well similar sites might be represented in the general area, that is, 

their scarcity value. From this latter point of view, the opportunity to record 

sites outside the actual survey areas was most helpful. 

USELESS INLET 1 

This open midden site is considered to be of interest because of the presence 

of Terebralia shells, but otherwise it is of limited research potential, and is of a 

kind well represented elsewhere. It is therefore considered to be of limited 

significance. 
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USELESS INLET 2 

This rockshelter site must be considered significant because of the rarity of 

known stratified sites in the Shark Bay region. Its proximity to the midden site 

Useless Inlet 3, and the presence within it of a Terebralia shell and a flaked 

object, suggest it would repay test excavation. 

USELESS INLET 3 

This open midden site is of interest because of the presence of Terebralia 

shells. Like Useless Inlet 1, it is of a kind well-represented elsewhere. It is 

unlikely to yield much more of interest, apart from the obtaining of radiocarbon 

dates. It is otherwise considered to be of limited significance. 

BELLEFIN PRONG 1 AND 2 

These open midden sites are of little significance apart from such information 

as has now been recorded. Such sites are well-represented elsewhere. 

In summary, the only site recorded from the survey area which is considered 

to be worthy of further investigation, and which is not well-represented outside 

the survey area, is the rockshelter Useless Inlet 2. The other rockshelter 

recorded possibly in the survey area is not of such immediately obvious 

significance, but may be worth further investigation to establish its level of 

significance more clearly. 

Aboriginal Significance 

It seems to me unlikely that the survey area contains places of significance to 

Aboriginal people. To conf rim this it would be necessary to carry out an 

ethnographic survey, involving consultation with older people of Aboriginal 

descent in Denham, and possibly Carnarvon. 
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RECOMMENDATIONS 

The recommendations are framed in the context of the foregoing assessments 

of significance, and also in the light of the fact that it is an offence against the 

law to disturb an Aboriginal site without the consent of the Minister for 

Aboriginal Affairs. In this light, it is generally desirable that any site, regard-

less of its significance, be left undisturbed wherever possible. 

On completion of the survey, we visited area E in the company of Mr. Privett 

and Mr. Joe Twiss, the town manager. We pointed out to them the location of 

the rockshelter Useless Inlet 1 and the two midden sites Useless Inlet 1 and 3. 

They thought it was in fact unlikely that these sites would be disturbed. 

It is recommended that the rockshelter site identified in this report as 

Useless Inlet 2 be not disturbed. 

It is recommended that the open midden site identified in this report as 

Useless Inlet 1 may be disturbed if necessary. 

It is recommended that the open midden site identified in this report as 

Useless Inlet 3 may be disturbed if necessary, on condition that Shark Bay 

Salt finances the obtaining of two radiocarbon dates from Terebralia and 

Turbo samples already collected. 

It is recommended that the open midden sites identified in this report as 

Bellefin Prong 1 and Bellefin Prong 2 may be disturbed if necessary. 

It is recommended that the rockshelter to the southeast of the survey area be 

left undisturbed. If it should prove necessary to disturb it, a test excavation 

should be sponsored by Shark Bay Salt before that occurs. 



29. 

ACKNOWLEDGEMENTS 

We would like to express our gratitude to Tim 

Meagher, Joe Twiss and Shark Bay Salt for the 

opportunity to carry out this survey. We would 

also like to thank all those at Useless Loop 

who contributed to making our somewhat 

extended stay so very pleasant, particularly 

Dale Cock, Paul Murray at the school, the 

schoolkids, Ron in the workshop who very 

generously shared his knowledge with us, and 

we could not possibly overlook Nellie and the 

other cooks. Very special thanks must go to 

Gavin and Sharon Privett for their kindness 

and hospitality. 



30. 

REFERENCES 

Allen, Harry. 1987. Holocene mangroves and middens in Northern Australia 

and Southeast Asia. Indo Pacific Prehistory Association Bulletin 7: 

1-16 

Bates, Daisy M. 1938. The Passing of the Aborigines. John Murray, London. 

Bates, Daisy 1985. The Native Tribes of Western Australia (ed. Isabel White) 

National Library of Australia, Canberra. 

Beard, J.S. 1976. The vegetation of the Shark Bay and Edel area, Western 

Australia. Vegetation Survey of Western Australia, Vegmap 

Publications, Perth. 

Bowler, J., G.S. Hope, J.N. Jennings, G. Singh and D. Walker. 1976. Late 

Quaternary climates of Australia and New Guinea. Quaternary 

Research 6: 359-394. 

Bowman, G.M. 1985. Oceanic reservoir correction for marine radiocarbon 

dates from northwestern Australia. Australian Archaeology 20: 

58-67 

Butcher, B.P., W.J.E. van de Graaff and R.M. Hocking. 1984. Shark Bay - 

Edel. Geological Series explanatory notes, Geological Survey of 

Western Australia, Perth. 

Brown, A.R. 1913. Distribution of native tribes in part of Western Australia. 

Science of Man. (Sydney) 14(2): 34-35. 

Carmody, Ronald William. 1970. Shark Bay - its story 1616-1969. Thesis for 

Teachers' Higher Certificate of Education Department of Western 

Australia. 

Chappell, J. and N.J. Shackleton. 1986. Oxygen isotopes and sea level. 

Nature 324: 137-40. 

Clark, Allison. 1987. Starting at the source: the Yaringa quarry site, Shark 

Bay, Western Australia. BA (Hans) dissertation, University of 

Western Australia, Perth. 



31. 

Cornell, Christine (trans. & ed.) 1974. The Journal of Post Captain Nicolas 

Baudin. Libraries Board of South Australia, Adelaide. 

Fry, G.W. 1988. Shark Bay Days. Hesperian Press, Perth. 

Henderson, Graeme. 1986. Maritime Archaeology in Australia. The 

University of Western Australia Press, Perth. 

Hope, G., P.J. Hughes and J. Russell-Smith. 1985. Geomorphological 

fieldwork and the evolution of the landscape of Kakadu National 

Park. In R. Jones (ed) Archaeological Research in Kakadu National 

Park. pp.  229-40. Australian National Parks and Wildlife Service, 

Canberra. 

Lefroy, G.C. 1978. The Shark Bay Story. Nanga Museum, Shark Bay. 

Logan, Brian W. and Donald E. Cebulski. 1970. Sedimentary environments 

of Shark Bay, Western Australia. In Logan, Brian W., Graham R. 

Davies, James F. Read and Donald E. Cebulski (eds) 1970 

Carbonate Sedimentation and Environments, Shark Bay, Western 

Australia. pp. 1-37. Memoir 13, American Association of Petroleum 

Geologists, Tulsa. 

Logan, Brian W., James F. Read and Graham R. Davies. 1970. History of 

carbonate sedimentation, Quaternary epoch, Shark Bay, Western 

Australia. In Logan, Brian W., Graham R. Davies, James F. Rad and 

Donald E. Cebulski (eds) 1970 Carbonate Sedimentation and 

Environments, Shark Bay, Western Australia. pp.  38-84. Memoir 

13, American Association of Petroleum Geologists, Tulsa. 

Marchant, Leslie R. 1982. France Australe. Artlook Books, Perth. 

Maynard, Lesley. 1981. Archaeological survey for Telecom of radio 

telephone mast sites at Monkey Mia and Wooramel, Shark Bay, 

Western Australia. A report for Telecom Australia, Perth, June 1981. 

Morse, Kate. 1 988a. An archaeological survey of midden sites near the 

Zuytdorp wreck, Western Australia. Bulletin of the Australian 

Institute for Maritime Archaeology 12: 37-40. 



32. 

Morse, Kate. 1 988b. Mandu Mandu Creek rockshelter: Pleistocene human 

occupation of North West Cape, Western Australia. Archaeology in 

Oceania 23: 81-88. 

O'Connor, Sue (in press) New radiocarbon dates from Koolan Island, West 

Kimberley, Western Australia. Australian Archaeology. 

Tindale, N.B. 1974. The Aboriginal Tribes of Australia. Australian Institute of 

Aboriginal Studies, Canberra. 

van de Graaff, W.J.E. 1980. Transportation patterns of Aboriginal artefacts in 

the Shark Bay area, Western Australia. Journal of the Royal 

Society of Western Australia 63:1-3. 

von Bamberger, Melanie L. 1980. Aboriginal socialisation: a West Australian 

example. PhD thesis, University of Western Australia, Perth. 

Wells, Fred E. 1980. A comparative study of distributions of the mudwhelks 

Terebralla sulcata and T. palustris in a mangrove swamp in north-

western Australia. Malacological Review 13: 1-5. 

Woodroffe, C.D., B.G. Thom and J. Chappell. 1985. Development of 

widespread mangrove swamps in mid-Holocene times in Northern 

Australia. Nature 317: 711-713. 

Woodroffe, C.D., J. Chappell and B. G. Thom. 1988. Shell middens in the 

context of estuarine development, South Alligator River, Northern 

Territory. Archaeology in Oceania 23: 95-103. 

Wyrwoll, K.H. 1979. Late Quaternary climates of Western Australia: evidence 

and mechanisms. Journal of the Royal Society of Western Australia 

62: 129-1 42. 



33 

400' 	 115°00• 

Figure 1: Location of Study Area 



Figure 2: Study Area with Archaeotogical Sites 



TABLE 1: 

35. 

Sites previously recorded in Shark Bay 

SITE TYPE 
	

N 

Open midden 	 64 

Open midden/ethnographic 	 1 

Rockshelter 	 2 

Quarry 	 2 

Quarry plus artefact scatter 	 1 

Artefact scatter 	 6 

Artefact sôatter/ethnographic 	 7 

Ethnographic 

Burial 

Fish trap 

Stone arrangement  

1 

2 

?1 

?2 

TOTAL 	89 
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TABLE 2: 

SItes newly recorded 

Within 	 Outside 
SITE TYPE 	 Survey Area 	Survey Area 

Open midden 	 4 

Rockshelter 
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TABLE 3: 

Radiocarbon dates obtained from sites on Peron Peninsula 

MONKEY MIA ROCKSHELTERS 

MM—R1—TP-14: 	680 +1- 210 BP 	WAIT— 139 	(Charcoal) 

MM—R2—TP-8: 	1010 +1- 120 BP 	WAlT— 140 	(Charcoal) 

EAGLE BLUFF 

EBS4: 4690 +1- 220 BP 
	

WAIT— 141 
	

(shell, uncorrected) 

EBS3: 4870 +1- 90BP 
	

Beta —31498 
	

(shell, uncorrected) 

EAGLE BLUFF WELL 

EBW2 Sample 3: 3970 +1- 70 BP Beta —31499 (shell, uncorrected) 

DENHAM SITE 9 

- 	DIX-6: 3460 +1- 70 BP 	Beta - 31497 	(shell, uncovered) 



PLATE 1: 

East area of impact, looking south, 

showing point from which new bar is to be built. 

PLATE 2: 

East area of impact, rockshelter (Useless Inlet 2) 

in middle distance 
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PLATE 5: 

Open midden, Useless Inlet 3 
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PLATE 6: 

Rockshelter, assumed to be outside area of impact 



41. 

-- 

s 
VI 
F' 4.  

PLATE 7: 

Rockshelter, assumed to be outside area of impact 
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PLATE 8: 

Rockshelter, assumed to be outside area of impact 
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APPENDIX 1 

NOTES ON THE RECOGNITION OF ABORIGINAL SITES 

There are various types of Aboriginal sites, and these notes have been 

prepared as a guide to the recognition of those types likely to be located in the 

survey area. 

An Aboriginal site is defined in the Aboriginal Heritage Act, 1972-1980, in 

section 5 as: 

w(a) 	any place of importance and significance where persons of 

Aboriginal descent have, or appear to have, left any object, 

natural or artificial, used for, or made or adapted for use for, any 

purpose connected with the traditional life of the Aboriginal 

people, past or present; 

any sacred, ritual or ceremonial site, which is of importance and 

special significance to persons of Aboriginal descent; 

any place which, in the opinion of the Trustees, is or was 

associated with the Aboriginal people and which is of historical, 

anthropological, archaeological or ethno-graphical interest and 

should be preserved because of its importance and significance 

to the cultural heritage of the State; 

any place where objects to which this Act applies are traditionally 

stored, or to which, under the provisions of this Act, such objects 

have been taken or removed." 
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Habitation Sites 

These are commonly found throughout Western Australia and usually contain 

evidence of tool-making, seed grinding and other food processing, cooking, 

painting, engraving or numerous other activities. The archaeological evidence 

for some of these activities is discussed in detail under the appropriate 

heading below. 

Habitation sites are usually found near an existing or former water source 

such as a gnamma hole, rock pool, spring or soak. They are generally in the 

open, but they sometimes occur in shallow rock shelters or caves. It is 

particularly important that none of these sites be disturbed as the stratified 

deposits which may be found at such sites can yield valuable information 

about the inhabitants when excavated by archaeologists. 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near horizontal rock 

surfaces. The smooth areasare usually 25 cm wide and 40 or 50 cm long. 

They are the result of seed grinding by the Aboriginal women and indicate 

aspects of the past economy. 

Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, generally made 

of branches and sometimes tussocks of grass. These sites are rarely 

preserved for more than one occupation period. Occasionally rocks were 

pushed aside or used to stabilise other building materials. When these rock 

patterns are located they provide evidence for former habitation sites. 
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Middens 

When a localised source of shellfish and other foods has been exploited from 

a favoured camping place, the accumulated ashes, hearth stones, bones and 

other refuse can form mounds at times several metres high and many metres 

in diameter. Occasionally these refuse mounds or middens contain stone, 

shell or bone tools. These are most common near the coast but examples on 

inland lake and river banks are not unknown. 

Stone Artefacts Factory Sites 

Pieces of rock from which artefacts could be made were often carried to camp 

sites or other places for final production. Such sites are usually easily 

recognisable because the manufacturing process produces quantities of 

flakes and waste material which are clearly out of context when compared with 

the surrounding rocks. All rocks found on the sandy coastal plain for example, 

must have been transported by human agencies. These sites are widely 

distributed throughout the state. 

Quarries 

When outcrops of rock suitable for the manufacture of stone tools were 

quarried by Aborigines, evidence of the flaking and chipping of the source 

material can usually be seen in situ and nearby. Ochre and other mineral 

pigments used in painting rock surfaces, artefacts and in body decoration are 

mined from naturally occurring seams, bands and other deposits. This activity 

can sometimes be recognised by the presence of wooden digging sticks or the 

marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark which have been 

incised by Aborigines. Toeholds, to assist the climber, were sometimes cut 

into the bark and sapwood of trees in the hollow limbs of which possums and 
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other arboreal animals sheltered. Some tree trunks bear scars where sections 

of bark or wood have been removed and which would have been used to 

make dishes, shields, spearthrowers and other wooden artefacts. In some 

parts of the state platforms were built in trees to accommodate a corpse during 

complex rituals following death. 

Burials 

In the north of the state it was formerly the custom to place the bones of the 

dead on a ledge in a cave after certain rituals were completed. The bones 

were wrapped in sheets of bark and the skull placed beside this. In other parts 

of Western Australia the dead were buried, the burial position varying 

according to the customs of the particular area and time. Natural erosion, or 

mechanical earthmoving equipment occasionally exposes these burial sites. 

Stone Structures 

If one or more stones are found partly buried or wedged into a position which 

is not likely to be the result of natural forces, then it is probable that the place is 

an Aboriginal site and that possibly there are other important areas nearby. 

There are several different types of stone arrangements ranging from simple 

cairns or piles of stones to more elaborate designs. Some were constructed in 

connection with food gathering. Low weirs which detain fish when tides fall 

are found in coastal areas. Some rivers contain similar structures that trap fish 

against the current. It seems likely that low stone slab structures in the south-

west jarrah forests were built to provide suitable environments in which to trap 

small animals. Low walls or pits were sometimes made to provide a hide or 

shelter for a hunter. 

Elongated rock fragments are occasionally erected as a sign or warning that a 

special area is being approached. Heaps or alignments of stones may be 

naturalistic or symbolic representations of animals, people or mythical figures. 
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Paintings 

These usually occur in rock shelters, caves or other sheltered situations which 

offer a certain degree of protection from the weather. The best known 

examples in Western Australia occur in the Kimberley region but paintings are 

also found through most of the state. One or several coloured ochres as well 

as other coloured pigments may have been used at a site. Stencilling was a 

common painting technique used throughout the state. The negative image of 

an object was created by spraying pigment over the object which was held 

against the wall. 

Engravings 

This term. describes designs which have been carved, pecked or pounded into 

a rock surface. They form the predominant art form of the Pilbara region but 

are known to occur from the Kimberleys in the north to about Toodyay in the 

south. Most engravings occur in the open, but some are situated in rock 

shelters. 

Caches 

It was the custom to hide ceremonial objects in niches and other secluded 

places. The removal of. objects from these places, or photography of the 

places or objects or any other interference with these places is not permitted. 

Ceremonial Grounds 

At some sites the ground has been modified in some way by the removal of 

surface pebbles, or the modelling of the soil, or the digging of pits and 

trenches. In other places there is not noticeable alteration of the ground 

surface and Aborigines familiar with the site must be consulted concerning its 

location. 
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Mythological Sites 

Most sites already described have a place in Aboriginal mythology. In 

addition there are many Aboriginal sites with no man-made features which 

enable them to be recognised. They are often natural features in the 

landscape linked to the Aboriginal account of the formation of the world during 

the creative 'Dreaming' period in the past. Many such sites are located at 

focal points in the creative journeys of mythical spirit beings of the Dreaming. 

Such sites can only be identified by the Aboriginal people who are familiar 

with the associated traditions. 



APPENDIX 2 

OBLIGATIONS RELATING TO SITES UNDER 
THE ABORIGINAL HERITAGE ACT 1972 - 1980 

"Report of Findings 

Any person who has knowledge of the existence of anything in the 

nature of Aboriginal burial grounds, symbols or objects of sacred, ritual 

or ceremonial significance, cave or rock paintings or engravings, stone 

structures or arranged stones, carved trees, or of any other place or 

thing to which this Act applied or to which this Act might reasonably be 

suspected to apply shall report its existence to the Trustees, or to a 

police officer, unless he has reasonable cause to believe the existence 

of the thing or place in question to be already known to the Trustees. 

Excavation of Aboriginal Sites 

(1) Subject to Section 18, the right to excavate or to remove any thing 

from an Aboriginal site is reserved to the Trustees. 

(2) The Trustees may authorise the entry upon and excavating of an 

Aboriginal site and the examination or removal of any thing on or 

under the site in such manner and subject to such conditions as 

they may direct. 

Offences Relating to Aboriginal Sites 

A person who - 

excavates, destroys, damages, conceals or in any way alters any 

Aboriginal site; or 

in any way alters, damages, removes, destroys, conceals, or who 

deals with in a manner not sanctioned by relevant custom, or 
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assumes the possession, custody or control of, any object on or 

under an Aboriginal site, commits an offence unless he is acting 

with the authorisation of the Trustees under Section 16 or the 

consent of the Minister under Section 18. 

Consent to Certain Uses 

18. 	(1) For the purposes of this section, the expression "the owner of any 

land" includes a lessee from the Crown, and the holder of any 

mining tenement or mining privilege, or of any right or privilege 

under the Petroleum Act 1967, in relation to the land. 

Where the owner of any land gives to the Trustees notice in writing 

that he requires to use the land for a purpose which, unless the 

Minister gives his consent under this section, would be likely to 

result in a breach of Section 17 in respect of any Aboriginal site 

that might be on the land, the Trustees shall, as soon as they are 

reasonably able, form an opinion as to whether there is any 

Aboriginal site on the land, evaluate the importance and 

significance of any such site, and submit the notice to the Minister 

together with their recommendation in writing as to whether or not 

the Minister should consent to the use of the land for that purpose, 

and, where applicable, the extent to which and the conditions upon 

which his consent should be given. 

Where the Trustees submit a notice to the Minister under 

subsection. (2) of this section he shall consider their 

recommendation and having regard to the general interest of the 

community shall either - 

(a) 

	

	Consent to the use of the land the subject of the notice, or a 

specified part of the land, for the purpose required,subject to 

suchconditions, if any, as he may specify; or 
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(b) 	wholly decline to consent to the use of the land the subject of 

the notice for the purpose required, and shall forthwith 

inform the owner in writing of his decision. 

Where the owner of any land has given to the Trustees notice 

pursuant to subsection (2) of this section and the Trustees have not 

submitted it with their recommendation to the Minister in 

accordance with that subsection the Minister may require the 

Trustees to do so within a specified time, or may require the 

Trustees to take such other action as the Minister considers 

necessary in order to expedite the matter, and the Trustees shall 

comply with any such requirement. 

Where the owner of any land is aggrieved by a decision of the 

Minister made under subsection (3) of this section he may, within 

the time and in the manner prescribed by rules of court, appeal 

from the decision of the Minister to the Supreme Court which may 

hear and determine the appeal. 

In determining an appeal under subsection (5) of this section the 

Judge hearing the appeal may confirm or vary the decision of the 

Minister against which the appeal is made or quash the decision 

and substitute his own decision which shall have effect as if it were 

the decision of the Minister, and may make such an order as to the 

costs of the appeal as he sees fit. 

Where the owner of the land gives notice to the Trustees under 

subsection (2) of this section, the Trustees may, if they are satisfied 

that it is practicable to do so, direct the removal of any object to 

which this Act applies from the land to a place of safe custody. 

Where consent has been given under this section to a person to 

use and land for a particular purpose nothing done by or on behalf 

of that person pursuant to, and in accordance with any conditions 

attached to, the consent constitutes an offence against this Act." 
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1.0 SUMMARY 

This report examines waterbird usage of the Useless Inlet salt concentrating 
ponds. Earlier surveys are reviewed and an additional survey was conducted. An 
assessment was made of the conservation significance of the area to different 
species. The distribution of waterbirds on the ponds is examined to develop an 
understanding of how birds use the area. This was then used to predict the 
impact of the construction of an additional pond on waterbirds. 

Up to 31 000 waterbirds have been counted on the Useless Inlet ponds. The 
highest count for Banded Stilts is 14 500. If Banded Stilts regularly occur in 
these numbers each summer then the site would be considered of national 
significance for this species. The largest number of migratory shorebirds 
recorded is 15 400, although there has been an estimate of up to 20 000 
shorebirds. Sites which regularly support more then 20 000 shorebirds are 
considered of international significance. Further surveys are required to fully 
establish the significance of the ponds. 

Waterbirds using the ponds can be divided into three major groups: 
Banded Stilts - which feed in the ponds with salinities of 46 g/l T.D.S. 
to 92 g/l T.D.S.. Pond P2 is the area most favoured by Banded Stilts. 
Migratory Shorebirds - which feed on aquatic invertebrates washed onto 
the shores of the ponds with salinities from 46 g/l T.D.S. to 83 g/l 
T.D.S.. 
Cormorants, herons, pelicans and terns - which feed on fish in the ponds 
with salinities up to 74 g/l T.D.S.. 

The most significant change that could result from the construction of a new 
pond is an increase in the salinity of the existing ponds. If this increase in 
salinity causes only small changes in the pattern of aquatic invertebrate 
abundance, particularly in pond P2, then there will be minimal impact on Banded 
Stilts and migratory shorebirds. 

An increase in the fish populations in the ponds could be expected following the 
construction of an additional pond. This is because there will then be two large 
ponds, with salinities only slightly higher than seawater, rather than one. This 
would have beneficial effects for the cormorants, herons, pelicans and terns. 



2 

2.0 INTRODUCTION 

The Shark Bay Joint Venturers are proposing to extend the salt concentrating 
ponds in Useless Inlet. This will be done by constructing a new pond to the 
north of Clough's Bar. This report examines the possible impact that this may 
have on the waterbirds that use the ponds. 

The brief for this work was to; 
conduct a survey of waterbirds using the Useless Inlet Salt Ponds, 
comment on the conservation significance of the area to waterbirds, 
comment on the possible impacts of the construction of an additional pond 
in Useless Inlet. 

3.0 WATERBIRD SURVEYS 

3.1 Previous Surveys 

In 1981 the Royal Australasian Ornithologists Union (RAOU) started a national 
shorebird study project. The project ran for four years and involved 700 people 
across Australia. The project has become a watershed for shorebird conservation 
in Australia because it has provided the first national data base on 
shorebirds. 

There are two major groups of shorebirds. One group is the Australian residents 
which may make large movements across Australia to make use of flooded wetlands 
in the inland. The second group is the transequatorial migrant shorebirds. It is 
now known that over 1 000 000 shorebirds migrate to Australia from their 
breeding grounds in northern China and Russia (Lane 1987). The shorebirds start 
arriving in September and most stay until March. Young shorebirds tend to stay 
on in Australia during their first winter. 

The Shorebird Project stimulated surveys of the north-western coast of Western 
Australia. While the research effort has concentrated on the Broome - Port 
Hedland coast in Western Australia, five surveys have been conducted at Useless 
Inlet between September 1981 and October 1987. Total numbers of waterbirds in 
these counts are shown in Table 1. 

Table 1 Numbers of Waterbirds Counted at Useless Inlet Salt Ponds 

Date 	 Total Number 

September 1981 6 130 
October 1987 9 430 
November 1982 7 000 - 20 000 
February 1984 31 000 
April 1985 5 786 
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The first published counts came from a Durham University Expedition to the area 
in September 1981 (Treves and Parish 1983, Bamford 1983). Although activities 
concentrated on shorebird banding some shorebird counts were made. Banded Stilts 
were recorded as widely scattered over the more saline ponds while most of the 
other shorebirds were concentrated at the northern end of P1B (Figure 1). In 
this pond the small shorebirds were observed roosting and feeding on mats of 
floating algae. One of the Red-necked Stints banded during this work was 
recaptured, just over two years later, at Pattani in southern Thailand (Lowe 
1987). 

In November 1982, Peter Curry and Steve Keeling visited the area and estimated 
that there were 5 000 - 7 000 shorebirds on just one pond (Keeling 1982). It was 
estimated that there may have been a total of 20 000 shorebirds on the Useless 
Inlet ponds (Steve Keeling pers. comm.). Red-necked Stint, Curlew Sandpiper and 
Sharp-tailed Sandpiper were the most common species. 

The largest count of shorebirds was made in February 1984 by Grant Pearson of 
the Department of Conservation and Land Management during an aerial survey for 
the Shorebird Project (Grant Pearson pers. comm.). On this occasion a total of 
31 000 shorebirds were recorded on the ponds. The number of Banded Stilts was 
estimated at 14 500 and these were concentrated on the northern end of P2. Small 
shorebirds numbered 11 900 and were concentrated at the north end of P1B and the 
western shore of P3B. 

The fourth count was conducted by the author in April 1985. Shorebirds totalled 
5 786 and were concentrated on P2. Full details are given in Appendix A. 

In October 1987 the ponds were counted as part of an RAOU survey of Shark Bay. A 
total of 9 430 shorebirds were counted, of which 8 430 were Banded Stilts. The 
Banded Stilts were concentrated on P2 and the other shorebirds were on P1B. 

3.2 Waterbird Survey - August 1989 

3.2.1 Methods 

Ground surveys were conducted during the period 5-7 August 1989. Two complete 
counts of the Useless Inlet ponds were conducted on the first two days. The pond 
layout and survey route are shown in Figure 1. 

A two-wheel drive was used on the first two days, however a four-wheel drive was 
needed to reach the southern end of P2 on the third day. Most of the ponds could 
be counted from the roads, however this could have lead to underestimates of 
small shorebirds along the western shore of P0 and the western and southern 
shores of P1B. The northern and south-western shores of P3B, and parts of the 
southern shores of P2 had to be walked to obtain full coverage of these ponds. 

The Useless Loop concentrating ponds were easy to count because of the number of 
roads through the area. 

Counting was conducted using 8x30 binoculars and a 20x telescope. 

During the field work the weather was fine with winds from the south-east. The 
wind caused foam to build up on the northern shores of the ponds and was 
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Figure 1 Survey Route on Useless Inlet 
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particularly noticeable in P3B. 

Salinity of the ponds (g/l T.D.S.) is as follows; PU = 38, P1A = 41, P1B = 46, 
P2 = 74, P3A = 77, P3B = 83 and P4 = 92. 

3.2.2 Results of the Surve 

The counts showed a maximum number of 1083 waterbirds on the Useless Inlet 
ponds. Counts for each species tended to be higher on the second survey due to 
better coverage of the area. The raw data are shown in Appendix B. 

Of the 25 species recorded, the most abundant were Red-necked Stint, Pied 
Cormorant and Silver Gull. 

For the purposes of examining the distribution of waterbirds on the ponds, the 
counts from the two days have been averaged (Table 2). Most waterbirds were 
concentrated on P2 and P3B. 

Table 2 Distribution of Waterbirds on the Useless Inlet Ponds 
(Average count from 5 and 6 August 1989) 

Average Number Counted 
Species PU P1A P1B P2 P3A P3B Total 

Hoary-headed Grebe 
------------------------------------------------------------------- 

21 4 25 
Australian Pelican 2 15 1 34 2 54 
Pied Cormorant 61 3 19 28 111 
White-faced Heron 1 1 
Great Egret 1 1 
Little Egret 2 2 4 
Eastern Reef Egret 1 1 
Australian Shelduck 1 11 2 14 
Osprey 1 1 
Pied Oystercatcher 1 1 2 2 6 
Grey Plover 1 2 6 9 
Red-capped Plover 8 46 9 63 
Black-winged Stilt 54 54 
Red-necked Avocet 16 16 
Ruddy Turnstone 10 66 76 
Common Sandpiper 2 1 3 
Greenshank 1 2 3 
Bar-tailed Godwit 19 19 
Red-necked Stint 6 79 86 171 
Curlew Sandpiper 35 21 56 
Silver Gull 21 30 44 11 8 114 
Pacific Gull 1 1 
Gull-billed Tern 1 5 1 7 
Caspian Tern 21 15 3 1 2 1 43 
Crested Tern 6 10 2 18 

Total 114 
------------------------------------------------------------------- 

79 121 252 5 301 872 
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Four species were recorded breeding on the Useless Inlet ponds; 
Black-winged Stilt 	1 chick on P3B 
Australian Shelduck 	2 ducklings on P3B 
Caspian Tern 	 2 chicks on P3A 
Red-capped Plover 	1 runner on P2 

Over 100 Tree Martins and at least 25 Welcome Swallows were observed hawking 
flying insects around the ponds. These birds were concentrated along the dune at 
the north end of P3B where the southerly winds were sweeping insects up into the 
air. 

Nine Red-capped Plovers and five Red-necked Stints were recorded on the Useless 
Loop concentrating ponds. One brood of two young Red-capped Plovers were seen on 
R3. 

4.0 DISCUSSION OF BIRD USAGE OF THE USELESS INLET PONDS 

No data is available on waterbird usage of the inlet prior to the 
construction of the salt ponds. Results of waterbird surveys of other 
embayments in Shark Bay show comparatively lower shorebird usage. It is 
likely that shorebird usage of Useless Inlet was very much lower before 
the construction of the salt ponds. Increased invertebrate abundance 
caused by the fertilization of the pond system has probably brought about 
the increase in shorebird usage. 

Previous surveys at Useless Inlet have shown that there is considerable 
variation in the number of waterbirds using the area. In February, over 30 000 
birds have been recorded, while counts in September and April have only been in 
the order of 6 000 birds. Birds using the ponds can be divided into three main 
groups: Banded Stilts; migrant shorebirds; and cormorants, herons, pelicans and 
terns. In the months May to August the Banded Stilts move to inland Australia 
looking for lakes to breed on, while the migrant shorebirds have moved to the 
northern hemisphere to breed. 

The two important aspects to examine are; 
the significance of the area to waterbirds and, 
how the waterbirds use the ponds - as this is needed to predict the 

implications of changes to the management of the ponds. 

4.1 Banded Stilts 

4.1.1 Conservation Significance 

The Banded Stilt is a highly mobile species endemic to Australia. Individuals 
usually gather in large flocks on salt lakes where they feed on brine shrimps 
and other aquatic invertebrates. Birds move to temporal lakes in arid and 
semi-arid areas to breed when these flood (Burbidge and Fuller 1982). 

On Rottnest Island, Banded Stilt numbers build up during summer then fall 
dramatically in autumn, following heavy rainfall in inland Western Australia 
(Storr 1965, Saunders and de Rebeira 1986). The data from Useless Inlet follow 
this trend, building from 4 500 in September to a peak count of 14 500 in 
February then falling to 2 500 in April. During this survey no Banded Stilts 
were recorded. The notes made on stilt numbers during the weekly pond checks (by 
company personnel) show large numbers of stilts present from January to 
mid-March (Appendix C). 
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During the Shorebird Project the maximum number of Banded Stilts counted 
nationally was 133 697. This number represents a minimum population estimate as 
not all sites were counted. The only counts over 10 000 during the Shorebird 
Project were 77 000 on the Coorong and 30 000 on Lake Eyre in South Australia 
(Lane 1987). Subsequent to the completion of the Shorebird Project, the largest 
group counted in Western Australia was 53 000 birds on Lake Macleod in September 
1987 (Jaensch and Vervest 1989). Estimates in excess of 25 000 have been 
recorded for Lake Raeside and of tens of thousands on an unmamed lake between 
Yuinmery and Pinnacles in the Goldfields (Burbidge and Fuller 1982). There have 
also been several counts of around 10 000 from lakes near Esperance and Peel 
Inlet (Jaensch etal. 1988). 

The count of 14 500 Banded Stilt on the Useless Inlet ponds is one of the 
largest flocks recorded in Western Australia. If Banded Stilts regularly gather 
in flocks of this size then the Useless Inlet ponds would be of national 
significance to the species. 

4.1.2 Distribution on the Ponds 

Banded Stilts show a marked preference for pond P2 which has a salinity of 74 
g/l T.D.S.. Flocks have been recorded from P1B through the ponds to P3B. Workers 
at the site report that in summer when there are large flocks on the Useless 
Inlet ponds some birds move up to the Useless Loop ponds and feed near the flume 
outflow where the salinity is approximately 92 g/l T.D.S.. These observations 
indicate that the Banded Stilts forage in the ponds with salinities varing from 
46 g/l T.D.S. to 92 g/l T.D.S.. 

The marked preference that is shown for P2 may be because food is more abundant 
in this pond or that its extensive shallows make it easier for the birds to 
forage. Invertebrates which occur in hypersaline waters tend to have a broad 
tolerance to changes in salinity. It is likely that many of the invertebrate 
species that occur in P1B also occur through P2 to P3B. 

4.2 Migrant Shorebirds 

4.2.1 Conservation Significance 

A full assessment of the importance of the Usless Inlet ponds is difficult 
because of limited data during the period November to February. Only two surveys 
have been conducted during this period (Table 3), which is when migrant 
shorebird numbers would be expected to be at their highest. 

The November 1982 count of 5 000 migratory shorebirds was only from one pond 
(Keeling 1982). The author estimated that there may have been a total of 20 000 
shorebirds on the ponds (Steve Keeling pers. comm.). The second count was an 
aerial survey counducted in February 1984. This count recorded 11 900 
unidentified small shorebirds and 3 500 unidentified medium shorebirds. 



Table 3 Number of Migratory Shorebirds counted on the Useless Inlet Pond 

Survey Date 
------------------------------------------- 

Total Count Type 

August 89 415 full ground 
September 81 880 full ground 
October 87 731 partial ground 
November 82 5 000 partial ground 
February 84 15 400 full aerial 
March 85 2 029 full ground 

Further shorebird surveys are required in the November - February period to 
establish the importance of the site. If in excess of 20 000 shorebirds use the 
site then it would qualify as a site of international importance under the 
RANSAR Convention. Australia is a signatory to this international agreement on 
the conservation of wetlands of international importance. 

4.2.2 Distribution on the Ponds 

No information is available on the distribution of shorebirds on the ponds 
during the peak summer period, however three counts are available outside this 
period. 

In September 1981, shorebirds were concentrated on the northern end of P1B. In 
this area they roosted and "appeared to feed" on mats of floating algae (Bamford 
1983). In March 1985, shorebirds were spread along the northern ends of P2, P1B 
and P3B. Detailed information on the distribution of shorebirds was collected 
during the August 1989 survey (Table 4). At this time 71% of the shorebirds were 
concentrated along the northern shoreline of P3B where they were feeding on 
washed up aquatic invertebrates. 

Table 4 Distribution of Migratory Shorebirds on Useless Inlet Ponds, 
in August 1989 

Species Number Counted 
PU 	P1A 	P1B P2 	P3A P3B 

Greenshank 
--------------------------------------------------------------

1 2 
Common Sandpiper 2 1 
Ruddy Turnstone 5 66 
Grey Plover 1 1 6 
Red-necked Stint 6 30 86 
Curlew Sandpiper 35 21 
Bar-tailed Godwit 19 

Total 
	

1 	42 	38 	1
201 

Surveys of the ponds at Useless Inlet indicate that the shorebirds are feeding 
on aquatic invertebrates washed up on the edges of the high salinity ponds. 
Ponds PU and P1B have little shorebird usage and this is probably because 
invertebrate abundance is much lower in these ponds due to the high fish 
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population. 

The pattern of shorebird usage at Useless Inlet varies markedly from that at the 
Port Hedland salt ponds. At Port Hedland the major foraging areas are the intake 
channel, the mud delta in the first pond, and on flooded mudflats adjacent to 
the ponds (pers. obs.). At this site the migrant shorebirds are feeding on 
mudflats with seawater salinities rather than in the higher salinity ponds. 
Banded Stilts and Red-necked Avocet do however occur in the high salinity 
ponds. 

4.3 Cormorants, Herons, Pelican, and Terns 

4.3.1 Conservation Significance and Distribution on the Ponds 

The third major group of birds making use of the pond are the cormorants, 
herons, pelicans and terns. The numbers of these birds using the ponds is quite 
small when compared to the numbers recorded in the Shark Bay area (Jaensch and 
Vervest 1989). 

Species in these groups feed mainly on small fish. The distribution of these 
birds during the August 1989 survey was concentrated on the ponds with 
salinities up to twice seawater (Table 5). The birds at P2 were roosting at the 
mouth of the channel entering P2, and fed in this channel rather than in P2. 

Table 5 Distribution of Cormorants, Herons, Pelicans and Terns 

Species Number Counted 
PU P1A P1B P2 	P3A P3B 

Australian Pelican 2 15 1 34 2 
Pied Cormorant 61 3 19 28 
White-faced Heron 2 
Great Egret 1 
Little Egret 2 2 
Eastern Reef Egret 1 
Osprey 1 
Gull-billed Tern 1 3 	1 
Caspian Tern 21 15 3 1 	2 1 
Crested Tern 6 10 2 

Total 
-----------------------------------------------------------

91 48 25 67 	3 5 
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5.0 POTENTIAL IMPACT OF AN EXTENSION OF THE PONDS ON WATERBIRDS 

An extension of the Useless Inlet ponds by constructing a new bar north of 
Clough's Bar may impact on the birdlife in three areas; 

changes to the Inlet habitat in the new pond, 
alteration of vegetation at the quarry site, 
changes to the salinity in the existing ponds. 

5.1 Changes to the Inlet Habitat in the New Pond 

The change from Inlet to pond is likely to buffer the tidal influence and 
slightly increase salinity in the area. Fish numbers are likely to increase. 
These combined changes may increase the number of "fish eating" birds using the 
area. 

No data are available on the present shorebird usage of the intertidal zone in 
the area of the proposed new pond. It is not expected to be high based on 
personal experience in other areas of Shark Bay. 

5.2 Alteration of the Vegetation at the Quarry Site 

Large quantities of fill will be required to construct the bar. Careful 
attention needs to be given to the selection and operation of the quarries. 

Adequate rehabilitation of the quarries and roadways should result in minimal 
long term impact on the birdlife. 

5.3 Changes to the Salininy and Water Levels in the Existing Ponds 

The consequences of the introduction of a new preliminary pond into the Useless 
Inlet system will be an increase in the salinity of the existing ponds and 
possibly an increase in water level. The important issues for the birdlife are 
what effect this will have on food supply and feeding areas. 

The critical ponds are P1B and P2 as these are the interface between fish and 
inverebrate abundance and have the most extensive areas of shallows. The average 
salinity in P1B is 46 g/l T.D.S. and in P2 is 74 g/l T.D.S.. 

The key to predicting the impact on Banded Stilts is predicting changes in the 
abundance of aquatic invertebrates in P1B and P2. P2 is the favoured pond by 
Banded Stilts. If the abundance of aquatic invertebrates increases in P1B and 
decreases in P2 then this may adversely effect the Banded Stilts as P2 has a 
much greater feeding area then P1B. 

If there are only minor changes in aquatic invertebrate abundance, because of 
their tolerance to a range of salinities, then there will be minimal impact on 
the Banded Stilts. 
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The low numbers of shorebirds on P0 and P1A will in part, be due to the lower 
abundance of aquatic invertebrates in thse ponds. High numbers of fish occur in 
the lower salinity ponds and these are known to prevent invertebrates attaining 
high abundance (Britton 1982). If fish populations in P1B decline then the 
increase in aquatic invertebrates may bring more shorebirds onto the pond. 

The cormorants, herons, pelicans and terns may be advantaged by the construction 
of a new pond as this will create two very large ponds with salinities only 
slightly higher then sea water. Increased fish populations are likely to 
result. 

In summary, the construction of the new pond should not have adverse impacts on 
the birds using the Useless Inlet ponds. Fish populations are likely to increase 
and it is likely that there will be minimal effect on the abundance of aquatic 
invertebrates. The result of this will be a possible increase in the number of 
"fish eating" birds and little change in the numbers of Banded Stilts and 
migratory shorebirds. 
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APPENDIX A 

Waterbird Counts at Useless Inlet, April 1985 

Species Pond 
P2 Other Total 

----------------------------------------------------
Hoary-headed Grebe 50 50 
Unidentified Grebe 100 100 
Australian Pelican 75 75 
Pied Cormorant 2 32 34 
White-faced Heron 3 3 
Little Egret 8 8 
Australian Shelduck 50 122 172 
Pacific Black Duck 32 32 
Grey Teal 200 200 
White-bellied Sea-Eagle 1 1 
Pied Oystercatcher 2 7 9 
Grey Plover 5 9 14 
Large Sand Plover 1 1 
Red-capped Plover 100 100 200 
Black-winged Stilt 50 90 140 
Banded Stilt 2500 5 2505 
Red-necked Avocet 100 28 128 
Ruddy Turnstone 50 20 70 
Grey-tailed Tattler 1 1 
Greenshank 5 3 8 
Red-necked Stint 500 1400 1900 
Curlew Sandpiper 5 5 
Sanderling 30 30 
Silver Gull 10 10 
Pacific Gull 3 1 4 
Caspian Tern 1 35 36 

Unidentified wader spp. 50 50 
--------------------------------------------------
TOTAL 3514 2272 5786 

Note: Survey conducted on the 6 and 7 of April 1985, by Doug Watkins, Shapelle 
McNee, Peter Watkins and Wendy Watkins. 
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APPENDIX B 

Waterbird Counts at Useless Inlet, August 1989 

Species 
----------------------------------------------------------------------------- 

Number Counted 
Date P0 P1A P1B P2 P3A P3B Total 

5/8/89 
----------------------------------------------------------------------------- 

Australian Pelican 12 50 4 66 
Pied Cormorant 25 21 30 76 
Great Egret 1 1 
Little Egret 3 3 
Eastern Reef Egret 1 1 
Australian Shelduck 10 3 13 
Osprey 1 1 
Pied Oystercatcher 3 3 
Grey Plover 1 3 4 
Red-capped Plover 44 6 50 
Black-winged Stilt I 53 53 
Red-necked Avocet . 20 20 
Ruddy Turnstone 7 54 61 
Common Sandpiper 1 1 2 
Greenshank 2 2 
Bar-tailed Godwit 21 21 
Red-necked Stint 59 54 113 
Curlew Sandpiper 42 42 
Silver Gull 20 30 50 100 
Gull-billed Tern 5 5 
Caspian Tern 27 5 2 34 
Crested Tern 5 4 9 

6/8/89 
Hoary-headed Grebe 42 8 50 
Australian Pelican 3 17 1 18 39 
Pied Cormorant 97 5 16 26 144 
White-faced Heron 2 2 
Great Egret 1 1 
Little Egret 3 1 4 
Eastern Reef Egret 1 1 
Australian Shelduck 1 11 12 
Pied Oystercatcher 2 2 3 7 
Grey Plover 2 1 9 12 
Red-capped Plover 16 29 12 57 
Black-winged Stilt 54 54 
Red-necked Avocet 11 11 
Ruddy Turnstone 2 78 80 
Common Sandpiper 2 1 3 
Greenshank 1 1 2 
Bar-tailed Godwit 17 17 
Red-necked Stint 12 118 130 
Curlew Sandpiper 70 70 
Silver Gull 22 30 38 22 15 127 
Pacific Gull 2 2 
Gull-billed Tern 2 2 4 
Caspian Tern 14 29 2 4 49 
Crested Tern 7 20 27 
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APPENDIX B (CONTINUED) 

Waterbird Counts Near Useless Loop, August 1989 

Usless Loop Concentrators 

Red-capped Plover - 7, 2 runners on R3 
Red-necked Stint - 5 

South end of P2 

Red-capped Plover 18 
Grey Plover 3 
Red-necked Stint 98 
Bar-tailed Godwit 1 
Gull-billed Tern 4 
Silver Gull 1 
Banded Lapwing 1 
Ruddy Turnstone 10 

Town Beach 

Large Sand Plover 	1 

Heirisson Prong 

Pied Oystercatcher 2 
Grey Plover 3 
Bar-tailed Godwit 8 
Red Knot 16 
Great Knot 2 
Large Sand Plover 2 
Commmon Sandpiper 1 

Slope Island 

Bar-tailed Godwit 	20 
Pied Cormorant 	65 
Crested Tern 	 1 
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APPENDIX C 

Information on Stilts from the Weekly Report Sheets 

Date Number Pond 

2/8  
----------------------------------- 

0 
9/8 0 

30/8 0 
6/9  0 

27/9 0 

3/1 100 
10/1 50 
17/1  1000 ++ P2 
24/1  1000 + P2 
7/2 20 P3B 

21/2 100 P2, P3B, P3B 

7/3 1000 + P2 
14/3  1000 ++ P2 
7/3 1000 +• P2 

14/3  1000 ++ P2 
20/3 500 + P2 
28/3  400 P3A 

11/4 1100 + P2 
18/4 1000 + P2 

11/7 30 P3B 
26/ 7  10 P3B 
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Net fishing catch and effort data from Useless Inlet, an 
area of Shark Bay subjected to reclamations for salt 
production. 

* .C.J. Lenanton and M.Cliff 

The Fishery: 

Commercial net (beach seine) fishing in Shark Bay, 
primarily for western sand whiting (Sillago 
schomburgkii), and to a lesser extent sea mullet (Mugil 
cephalus), western yellowfin bream (AcanthopagruS latus) 
and tailor (Pomatomus saltatrix) commenced in the late 
1920's at a time when the commercially exploited pearl 
shell stocks had begun to show signs of over 
exploitation. Net  fishing effort and catch increased 
steadily over subsequent years (Fig. 1), and in 1962, the 
peak annual whiting catch of 209.5 tonnes was obtained. 

Useless Inlet has always been an important protected 
fishing area for Shark Bay fishermen. During 1962 and 
1963, Useless Loop and the lower pond of Useless Inlet, 
which were important fishing and nursery areas, were 
reclaimed for the production of salt. The Useless Inlet 
closure was south of what is now known as Caratti's Bar. 

Although fishing effort continued to increase during the 
several years immediately after these closures, catch 
(and catch per unit of effort (CPUE)) declined sharply. 
However, beyond 1965, fishing effort also began to 
decline markedly. This was followed during 1969 to 1971 
by a halt in the declining catch trend. During the years 
since 1971, the average annual whiting catch (and effort) 
has tended to stabilize at about 140 tonnes. 

Research: 

During 1965, research aimed at elucidating the reasons 
for the decline in the whiting catch was initiated. A 
component of this research involved the introduction of a 
research log book programme to gather precise shot-by-
shot data from the fishery. The shoreline banks of 
Useless Inlet between Cape Heirisson and Cape Bellefin, 
which constituted Area 3, was one of the six fishing 
areas identified in the log book programme. 

Log book data was collected over the period September 
1965 to February 1969. The initial six month period was 
treated as a trial period. For each shot of the net, 
date, fishing area, time spent searching (hrs), time 
spent fishing (hrs), target species and catch by species 
(lbs') were recorded. 

1 Later converted to kg 

* Western Australian Marine Research Laboratories, P.O. Box 20, 
North Beach, Western Australia, 6020. 



Trends in catch and effort in Useless Inlet: 

A monthly summary of data collected from Useless Inlet 
between April 1966 and February 1969 is presented in 
Table 1. A monthly plot of the mean catch per hour 
searched per fishing unit is presented in Figure 2. From 
this data it is clear that over the 1966 to 1968 period, 
the log boQk holders fished primarily during the winter 
months i.e. April to September, with the peak months of 
fishing activity between June and July. During the 
winter months of 1966 and 1967, the mean catch per hour 
spent searching per unit varied between a low of 5.08 kg 
in September 1966 to a high of 68.4 kg in May 1966. It 
is also clear that annual fishing effort decreased 
progressively between 1966 and 1968. This was related 
primarily to the fact that 1966 to 1968 were the years 
when a huge effort reduction was experienced in the 
overall fishery (i.e. 3159 days fished in 1966 to 1444 
days fished in 1968). Nevertheless the effects of salt 
works reclamations could also have contributed. 

The closure of Useless Loop and part of Useless Inlet 
between 1961 and 1963 would have; 

(1) increased' the level of mortality experienced by 
the fishable stock at that time i.e. mortality 
of adult fish that were present in the 
reclaimed areas. 

(ii) generated additional mortality on the potential 
recruits to the fishery i.e. mortality of 
juveniles that were present in the reclaimed 
areas. 

If nursery habitat was limiting, and there were no 
suitable alternative nursery areas for future recruits, 
then these closures may well have generated a lasting 
reduction in recruitment to the overall fishery. 

Although recruitment over fishing was probably the major 
cause of the decline in whiting stock abundance, the loss 
of potential recruits and essential nursery habitat at a 
time when the parent stock was being heavily exploited 
would certainly have enhanced the effects of stock 
depletion due to fishing alone. 

Considerations when making comparisons between the 1960 
and the 1980's. 

During the 1960's, the "fishing unit" would only travel 
from one fishing area to another by day, and in 
relatively fine weather. All searching was done over the 
marginal shallow banks during the in-coming to high tide 
using the anchored "mother boat"2  as a base. Inboard 
motor powered dinghies and small (poled) netting dinghies 
were used for searching. Feeding marks were extensively 

2 Fishing unit - one "mother boat" plus three dinghies 



used as indicators of school presence and size. Schools 
of whiting were often spotted from the elevated vantage 
points of shoreline hills. 

However, the methods for searching and fishing had 
changed by the 1980's. Improved "mother boat" design, 
and navigation aids made it possible to travel between 
fishing areas during periods of bad weather, and at 
night, enabling more fine day-time weather to be utilised 
for searching and fishing. Most searching is now done 
from "jet boats". The use of these boats reduces the 
travel time between the "mother boat" and the shallow 
fishable banks. Fast travel over very shallow banks is 
now possible, allowing fishermen access to fish in 
previously inaccessable areas. searching boats can also 
travel over, rather than around very shallow sandy spits 
between fishing grounds further increasing effective 
searching time. Elevated shorebased vantage points are 
now rarely used for school detection, and less reliance 
is placed on feeding marks as an indicator of the 
presence of school of whiting. Thus a "days fishing" or 
an "hour spent searching" during 1980, clearly covers a 
greater area of fishable banks, than did the equivalent 
period of time in the 1960 1 s. Also a far greater 
percentage of time during "a week at sea" is spent 
searching today, than during the 1960's. Nevertheless 
although a greater proportion of the time away from port 
is spent searching today, the efficiency of school 
detection may have declined. The extra noise generated 
by the jet boats allegedly frightens schools off the 
banks into the un-nettable deeper water beyond the banks. 
Also schools of fish are often more difficult to detect 
from a fast moving jet boat, particularly under 
conditions of poor visibility. Once a school is sighted, 
the proportion of the school that is netted is often 
smaller, because the disturbance created by the jet boat 
tends to increasingly break up the school structure. The 
proportion-of the netted school that escapes, (together 
with the un-netted component of the school) take longer 
to recover from the netting operation, and once again re-
school on the shallow nettable banks. Fishermen also 
have •a strongly held view that during the 1980's 
increased levels of recreational boating activity (i.e. 
activity independent of the commercial fishery) over the 
shallow nettable banks has disturbed schools to the point 
where the normal school structure is broken down, forcing 
fish to spend more time in the deeper water beyond the 
shallow banks. Thus the potential increase in fishing 
capacity related to the greater area searched per unit of 
searching time, has to a large extent been offset by a 
reduction in the number and size of schools available on 
the banks; the detection efficiency of available schools, 
and retention rate of fish from netted schools. 



Tcb1e 1 The monthly catch, effort and CPLIE for logbook 
f i s h i n g i n Useless I n 1 e t (A re a 3) Shark Bay 
between April 1966 and February 1969. 

Date 	Uni t; Hours 	C:atch 	E catch 	Ave. catch 

	

(F: g) 	p e r ho u r 	p e r h our 

	

per unit 	per un it 

6604 1 1.0  0.00 0.00  0-00 
646.00 342.47 68.49 

6604 6 192.5 4321.00 101.90 16.98 
6607 8 132.0 2886.00 134.22 16.78 
6608 5 82.0 921.00 71.11 14.22 
6009 5 98.0 272.00 25.44 5.09 
6610 1 1.0 136.00 136.00 136.00 
6611 1 28.0 22.00 0.79 0.79 
6612 1 40.0 100.00 

-------------------------------------------------- 
2.50 2.50 

6701 0 0.0 0.00 0.00 0.00 
4702 1 45.0 240.00 5.33 5.33 
6703 1 29.0 104.00 3.59 3.59 
6704 3 430 503.00 49.33 16.44 
6705 4 102.0 3593.00 166.98 41.75 
706 6 131.0 4596.00 176.35 29.39 

6707 3 97.5 1991.00 40.86 13.62 
6703 4 71.0 1724.00 83.96 20.99 
6709 1 52.0 878.00 16.88 16.88 
6710 1 25.0 0.00 0.00 0.00 
6711 1 e'.O 0.00 0.00 0.0() 
6712 1 3.0 0.00 0.00 0.00 

1 9.0 0.00 0.00 0.00 
6802 o o.(:) 0.00 0.00 0.00 
6303 1 2.0 204.00 102.00 102.00 
6804 1. 9.0 0.00 0.00 0.00 
6805 1 10.0 0.00 0.00 0.00 
6806 2 9.0 2722.00 612145 306.23 
4307 1 6.0 0.00 0.00 C).C)C) 
680:3 a 0.0 0.00 0.00 0.00 
4309 1 19.0 0.00 0.00 0.00 
6810 1 16.0 91.00 5.69 5.69 
6811 2 11.0 195.00 24.38 12.1'9 
4:312 a 0.0 c:).00 0.00 0.00 

1 9.5 
------------------------------------------------------- 

454.00 47.79 47.79 
6902 1 10.0 653.00 65.80 65.80 
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Figure 2. 	The mean monthly catch per hour searched per logbook 
holder fishing in Useless Inlet (Area 3) Shark.Bay 
between April 1966 and February 1969. 
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SUMMARY 

Shark Bay Salt Joint Venture (SBS) proposes to construct a new levee within the 

boundaries of its existing mining lease in Useless Inlet. This bar, which will 

traverse the Inlet some 6 km north of Clough's Bar, will enable SBS to operate an 

additional primary evaporation pond, thereby increasing solar salt production by 
approximately 85%. 

The proposed levee will alienate from the rest of Useless Inlet some 26 km2  of 
existing open water habitat immediately to the north of dough's Bar. Field 

studies were therefore undertaken to (a) identify and map the principal marine 

benthic communities within proposed pond area, (b) determine which will be 

modified or replaced following levee completion, and (c) determine whether any 

of these has a high conservation value (by either containing or supporting rare or 

protected species, or by contributing in some distinctive way to the regional 

marine ecosystem). 

These studies included a quantitative investigation of the diversity and 

abundance of animals colonising the sandy sediments of the proposed pond, 

since this fauna forms an important food-source to a variety of fish and 

crustaceans. Moreover, comparisons between the abundance and biomass of 

benthic organisms in the proposed pond and that in other parts of Edel Land 

inlets provide further evidence as to whether primary productivity in the pond 

area is higher than (and thus of value to) the rest of Useless Inlet. 

A third objective of the field survey was to investigate marine communities 

immediately offshore from the main levee at Useless Loop in order to ascertain 

whether bitterns disposal had led to any overt changes that were not detectable by 

SBS's present aerial photographic monitoring. 

The results of the comparative field survey found that none of the benthic 

marine assemblages within proposed pond are either unusually productive, 

restricted in distribution, or support species or sedimentary processes that are rare 

and/or of high conservation value. Thus marine resources of important 

conservation value to Shark Bay (such as developed mangrove areas, 
stromatolites, or Amphibolis and Halodule seagrass meadows that provide 

foraging grounds for dugongs) were not found in the area of the proposed pond. 
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The quantitative benthic fauna data also indicate that primary productivity 
within the proposed pond area is no greater (and in some instances is less) than 
that of comparable areas in the study region. This feature accords with the results 
and conclusions of the fish nursery survey (Appendix 3). The data also strongly 
suggest that the abundance and biomass of benthic animals in the shallow water 
areas of the proposed pond will eventually increase if, as with existing ponds, 
phosphate is added to help create an organic seal to the new pond floor and to 
increase water turbidity. The diversity of benthic organisms, however, will 
probably fall to levels found in the existing primary ponds. 

The results of the survey also suggest that, following levee completion and/or 
addition of phosphate, two communities presently within the proposed pond 
area (Posidonia australis seagrass meadow and Turbinaria corals) are likely to be 
modified and eventually,  lost. These will probably be replaced by other benthic 
assemblages dominated by algae and marine angiosperms (such as Ruppia sp. 
and possibly Halodule sp. seagrass) which presently occur within the existing 
primary pond (P0). 

No discernible degradation of benthic marine communities adjacent to the 
Useless Loop levee was detected by this study, a finding consistent with the 
unaltered pattern of seagrass meadow distribution in SBS's aerial photographic 
record . The presence of (a) healthy Turbinaria and Goniastrea spp. corals in 2 m 
deep waters close to the levee, (b) mangrove stands fringing the southeast portion 
of the levee beach, and (c) a benthic fauna whose diversity and abundance is 
similar to that in other areas of Freycinet Reach, supports the view that bitterns 
disposed via the drainage areas behind the Useless Loop are being adequately 
diluted by the wedge of salt water that protrudes under the Useless Loop beach 
and levee. 
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1.1 BACKGROUND AND SCOPE 

Shark Bay Salt Joint Venture (SBS) proposes to expand its existing seawater 

evaporation area and increase solar salt production by creating a new primary 

concentration pond. The proposed pond lies within the existing SBS mining 
lease boundaries (as defined in theShark fty Solar Salt Industry Agreement Act, 
1983) in the southern portion of Useless Inlet; a narrow marine embayment in 
the Edel Land region of Shark Bay. 

The proposed 26 km2  pond will lie immediately to the north of dough's Bar, and 
occupy 18% of the existing open waters of Useless Inlet (Fig.1, see also Appendix 
8). The new pond will be separated from the remaining open water area by the 
completion of a new levee. Various studies have been undertaken to appraise 

the ecological and social value of existing biological communities within the 
proposed pond area, and to determine which of these would be modified or 
replaced following the proposed development. 

This report presents results of field studies undertaken in January and February 
1990 to (i) describe and map the principal marine communities within the area, 
(ii) compare these with communities in the remainder (82%) of Useless Inlet, 
other parts of Edel Land, and in existing salt ponds behind dough's Bar, and (iii) 
determine which of these could be modified or replaced after levee completion. 

Evaluation of the proposed pond area also included a quantitative investigation 
of the diversity and abundance of benthic animals within the major habitat types 

in Edel Land Inlets during mid-summer. 	These habitats comprise sandy 

substrates on the shallow platform and deep basin areas, and sandy substrates 
covered by seagrass meadow. 

Useless Inlet is part of the large shallow marine area within Shark Bay that 
provides a component of the nursery and feeding grounds utilised by several 
commercially important fish and prawn species (see Appendices 2 and 3). The 

present study surveyed the fauna inhabiting the soft substrate areas because: 

benthic animals form an important food-source to a variety of fish and 
crustacean species; 

major differences in the abundance of the benthic infauna from similar 
habitat types indicate (or help confirm) marked differences in primary 
productivity between areas. 
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As part of its monitoring programme on the disposal of bitterns produced by the 

crystallising ponds inside Useless Loop, SBS has regularly examined the extent 

and distribution of seagrass meadows in this area using water-penetrating 1:25000 

colour aerial photography. The current study presented the opportunity to 

ascertain whether any overt changes not detectable by aerial photography had 

occurred as a consequence of nearby bitterns disposal. Underwater inspections 

and samples of the benthic fauna were therefore made from shallow and deep 

areas immediately offshore from the main levee at Useless Loop for comparison 

with data from the Freycinet coastline (south of the levee), Useless Inlet and Boat 
Haven Loop. 

1.2 OBJECTIVES 

The main objectives of this study were: 

to identify and map the principal marine communities and the habitats 

they occupy within Useless Inlet and the nearby and unmodified inlet of 

Boat Haven Loo, so that any assemblage of high conservation value in the 
area of the proposed pond could be identified; 

to obtain comparative indices on the relative diversity, abundance and 

biomass of bottom-dwelling animals (benthic fauna) in the proposed pond 

area and in other areas in Useless Inlet, Boat Haven Loop and the Freycinet 
Reach coastline near Useless loop; and 

to ascertain whether production and disposal of bitterns from crystallising 

ponds within Useless Loop have led to any overt detrimental changes to 

marine communities adjacent to the Useless Loop levee. 

1.3 ACKNOWLEDGMENTS 
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Mr C. Bryce Western Australian Museum, Perth, WA. 
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Ms M. Platell School of Biological Sciences, Murdoch University, WA. 
Dr S. Slack-Smith Western Australian Museum, Perth, WA 
Dr D. Walker Department of Botany, University of Western Australia, WA 
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2 METHODS 

2.1 DISTRIBUTION OF MARINE COMMUNITIES 

Shoreline examinations and both snorkelling and diving inspections were 

undertaken at a wide variety of littoral and subtidal locations within Useless 

Inlet, Boat Haven Loop and Freycinet Reach during both the fish nursery survey 

in the winter of 1989 (Appendix 3) and between 20 January and 12 February 1990 

(Figs 1, 2). Summer locations (over 100) were selected following a preliminary 

interpretation of 1:25000 colour aerial mosaics of photographs taken in September 

1989. Some of the locations visited in summer also formed sampling sites for 

the quantitative analysis of benthic animals (Section 2.2; cf Fi 1,2). 

Descriptions are based on qualitative assessments of the conspicuous and/or 
predominant plant and animal types made at each location. These descriptions, 

together with reinterpretation of the colour aerial mosaics, enabled the major 

marine assemblages within Useless Inlet and Boat Haven Loop to be correlated 
with particular habitats and mapped. 

The components and distribution of identified assemblages were compared 

against descriptions given by Read (1974), who had previously examined some of 

the key benthic elements of Edel Land Inlets with respect to their influence on 
sedimentary processes. 

2.2 QUANTITATIVE ANALYSIS OF BENTHIC FAUNA 

2.2.1 Bare sediments on shallow sublittoral platform 

Benthic animals inhabiting bare sandy sediments were sampled from 22 

comparable sites at depths between -0.8 m and -1.2 m beyond mean low water 

(MLW). Sites were located in the following areas (Fig. 1): 

Existing primary ponds P1 and P0 (7 sites); 

Area of proposed pond (4 sites); 

Useless Inlet (4 sites); 

Freycinet shoreline beside and south of Useless Loop (3 sites); and 

Boat Haven Loop (4 sites). 
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At each site 4 samples were taken using a circular 0.1 m2 steel frame driven 10 cm 

into the substrate. Material was removed to the depth of the frame with a scoop, 

and washed through a 1mm mesh sieve. Sieved samples were placed in plastic 

bags, fixed for at least 48 hours in 10% formalin buffered with hexamine, and 

then rewashed and transferred to 70% alcohol. 

Samples were transported to Perth and sorted in a laboratory using xlO 

magnifying lamps, with the sorted fauna being identified and counted under 

stereo dissecting microscopes. All samples as well as voucher specimens were 

replaced in 70% alcohol after counting. 

The preserved wet weights of abundant species (ie. those whose overall 

abundance was greater than 10 individuals per square metre) were measured to 

the nearest 0.01 g. The weights provided biomass estimates of the prinicipal 

components of the benthic fauna, and included the shell/s of molluscs which 

were left intact for weight determinations. 

2.2.2 Bare sediments in deep water areas 

Samples were taken at depths ranging from 5 to 12 in from bare areas of 

sediments within basins or channels at the following localities (see Fig. 1): 

Existing primary pond P0 (2 sites); 

Area of proposed pond (3 sites); 

Useless Inlet (4 sites); 

Boat Haven Loop (5 sites); and 

Offshore from the Useless Loop levee (1 site). 

At each site 4 samples were taken using the steel frame technique employed for 

shallow benthos sampling, except that sediments were removed by airlift and 

primary-sieved through a large 1 mm mesh bag attached to the end of the air-lift. 

Samples were placed in calico bags, drained of water and stored under 70% 

alcohol. The bags were taken onshore where their contents were re-sieved using 

a 1 mm mesh and transferred to fresh 70% alcohol. Animals were sorted, 

identified and counted in the laboratory as described earlier, except that 

subsamples were taken when the weight of sediments in re-sieved samples 

exceeded 3 kg. 
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2.2.3 Sediments beneath seagrasses 

Benthic fauna beneath monospecific stands of seagrass meadow was sampled at 
sites representing the dominant seagrass type in the following areas (Fig. 1): 

Proposed pond (2 sites); 
Useless Inlet (2 sites); 
Boat Haven Loop (4 sites); and 
Existing pond P0 0 site). 

Samples were taken beneath three Amphibolis antarctica sites within Useless 
Inlet and Boat Haven Loop, and beneath five Posidonia australis sites in Useless 
Inlet, Boat Haven Loop and the proposed pond area (Fig. 1). Amphibolis does 
not occur within the proposed pond (Section 3.1). 

Site selection involved underwater visual estimation of the amount of leaf 
canopy ('overstorey'). All but two sites were selected to provide data for 
monospecific Amphibolis and Posidonia meadows representing 'average-to-
good' seagrass growth within Edel Land inlets. The two exceptions comprised: 

a site representing the relatively 'sparse' stands of Posidonia (termed 
'stunted' by Read, 1974) that fringe much of the sublittoral platform within 
Useless Inlet (including the proposed pond); and 

an area in pond P0 where the seagrass Halodule uninervis was prevalent 

(since Posidonia and Amphibolis are absent from the existing ponds). 

Two samples were taken from each site using a square steel frame (area = 0.12 m2) 
that was driven 10 cm into the substrate by sledgehammer. All seagrass blades, 
stems and sheaths within the frame were removed using a knife, with the leaf 
blades being retained to provide a wet weight of the live overstorey (measured to 
the nearest 10 g). 

Hand-held scoops were used to remove sediments where depths were less than 
1.5 m, while at deeper sites an airlift pump was employed. Sediment was sieved 
through a 1 mm mesh, placed in calico bags, fixed in 70% alcohol, and processed in 
the laboratory as described earlier. 
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3 RESULTS 

3.1 	DISTRIBUTION OF MAJOR MARINE COMMUNITIES 

3.1.1 Useless Inlet and proposed pond 

The principal marine benthic assemblages in Useless Inlet are mapped in Figure 3 

and summarised in Table 1. Underwater photographs illustrating assemblages in 

Useless Inlet and the proposed pond area are shown in Plates 1 and 2. 

Basin and channels: 

The main basin of Useless Inlet has an average depth of some 7 to 8 m, and 

contains a series of low, north-trending submerged dunal ridges with a relief up 

to 3 m (Appendix 8). Shed leaf blades of Posidonia australis form accumulations 

along parts of the edge of the basin area, but not along the bare sandy floor of the 

tidal entrance channels (Fig. 3; cf. Plates la,b). These accumulations probably 

occur in response to the actions of tidal currents and wind-induced littoral drift 

(Appendix 8). 

The decomposing blades provide a source of organic debris and nutrients recycled 

by the benthic microflora and elements of the benthic infauna such as 

amphipods. Some of the resultant particulate organic debris becomes inturbated 

into the bare sediments of the basin floor. These sediments are composed mainly 

of fine to medium-grained skeletal sands and overlie both the troughs and folds 

of the low-relief submerged dunes. 

The amount of substrate fines and water turbidity are high in the troughs 

compared to the tops of these dunal ridges, particularly in tIte proposed pond 

area. The green codacean alga, Pen icilius nodulosus, is more prevalent in the 

latter area than in the northern portion of the Useless Inlet basin (Plate 2a), a 

distribution that can be related to the higher salinity regime in the proposed pond 

area (see also Read, 1974). 

Seagrasses: 

Leaf blade accumulations are sourced from the monospecific Posidonia australis 

meadows that fringe the sublittoral platform and which also occur on the upper 

slopes of the sandy lobes in the entrance area (Fig. 3; Plate Id). In the latter areas, 

stands of P. australis are juxtaposed with monospecific meadows of Am phi boils 
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antarctica (Fig. 3). Mixed stands occur along the meadow borders (Plate Ic). In the 
shallower portions of the sandy spill-over lobes, many of these meadows form 
the 'circular' or 'doughnut' formations described by Walker et al. (1988) for other 
parts of Shark Bay. 

The P. australis meadow contains a variety of epibiota and bivalve molluscs 
including clams, oysters and mytilids (eg. Brachidontes ustulatus) (Table 1; Plate 
id). Meadows in the entrance region are denser than those fringing the 
sublittoral platform in the main basin area (Fig. 3; cf. Plates ld and 2b). The latter 
were patchy and more sparse, and were termed 'stunted' by Read (1974). 

In the area of the proposed pond, the sparse stands of P. australis form a patchy 
meadow along the offshore portion of the sublittoral platform (Plate 2b). 
Patchiness and sparseness increase in the shallower inshore areas of the subtidal 
platform, where stands are associated with various 'drift' algae such as Laurencia 
and Dictyota (cf. Plates 2b, c). In the proposed pond area, denser meadows of P. 
australis (ie. similar to those in the entrance area) occur only on banks 
surrounding the mouth of a small channel that has been bisected by Clough's Bar 
(Fig. 3). 

Reduction in the density of P. australis on the shallow sublittoral platforms can 
be related to decreasing depth and water movement, features promoting (a) high 
solar irradiance, (b) higher water temperatures, and (c) higher salinity; all of 
which act to inhibit growth (D. Walker, pers. comm.). 

Other shallow water communities: 

Apart from the more sparse and patchy stands of P. australis meadow on the 
shallow subtidal and intertidal areas of the platform, this area also contains a 
mosaic of assemblages characterised by green and brown algae, mytilid bivalve 
molluscs (eg.Botula vagina) or thick sheets of encrusting sponge (Talie 1; Plate 2c. 
In many instances the sponge formed a thick layer over sheets of mytilid shells. 

Intertidal / supratidal communities: 

Three stands of Avicennia marina mangrove, each less than 50 m in length and 
between 3-4 m in height, occur along the western shore of the proposed pond. 
The stands occur in beach sand and are not associated with developed algal mud 
flat. Stands of similar extent also occur in the southeastern corner of pond PU 
(Fig.3). 
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Better developed stands of Avicennia (3-6 m high, with numerous 
pneumatophores protruding from a silty, detritus-rich substrate) occur in the 
large embayment to the northeast of the proposed pond, and immediately behind 
rocky headlands on the northeast coastline of Useless Inlet (Fig. 3). These 
headlands presumably provide shelter from southerly winds. The eastern side 
embayment contains the largest area (some 15 ha) of mangroves in Useless Inlet. 

Proposed pond: 

All but one of the benthic assemblages recorded in the proposed pond area also 
occur north of the proposed pond. The exception comprises some isolated 
colonies (<30) of dendrophylliid corals (Turbinaria spp.) found within a 200 m 
diameter area (Plate le, f). These corals, which are on the top of a submerged 
dunal crest at depths of 4-5 m, were also found near the Freycinet shoreline 
adjacent to Useless Loop (Fig. 3; Plate 4f; see Section 3.1.3). Three species of fish 
were observed beside these corals: gobbleguts (Apogon rupelli), damsel fish 
(Abudefduf septemfasciatus) and scribbled angelfish (Chaetodon to plus 
duboulayi), all of which are common in Shark Bay. 

Luxuriant growths ofTurbinaria coral in Shark Bay were first reported in 1897 by 
Saville-Kent (Veron & Marsh, 1988). Turbinaria bifrons andTurbinaria 
mesenterina are common in South Passage and off Dirk Hartog Island, and also 
occur along various parts of the Western Australian coastline including Broome, 
the Ningaloo Reef and the Houtman Albrohlos (Veron & Marsh, 1988). 

The area of the proposed pond does not contain an Amphibolis seagrass 
community nor supratidal algal mud flat and samphire communities (Fig-3, 
Table 1). These communities occur in the entrance area to Useless Inlet and in 
the eastern side embayment respectively (Table 1; Fig. 3). 

Halodule and Halophila seagrasses were not found either in the proposed pond 
area or elsewhere in the open-waters of Useless Inlet. Sites inspected throughout 
the main basin area comprised bare sands, with the codacean alga Pen icillus 
nodulosus becoming more prevalent in southern areas, particularly within the 
proposed pond (Fig. 3; Plate 2a). 

In contrast to apparent absence or extreme paucity of small seagrass species in the 
open water area of Useless Inlet, patches containing a dense rhizomatous mat 
and characteristic leaf blades of Halodule uninervis were found along portions of 
eastern and western sublittoral platform in pond P0 (Fig. 4). This Halodule mat 
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covers some 15-20% of the shallow area of pond P0. The highly seasonal marine 
angiospermRuppia tuberosa was not prevalent in the existing ponds during the 
summer survey. 

The apparent paucity of small seagrasses such as Halodule and Halophila in 
Useless Inlet contrasts with the situation in the nearby Freycinet Reach and Boat 
Haven Loop, where these species were recorded at virtually every dive site (cf. 
Figs 2-4; see Section 3.1.2) 

Useless Inlet also differs from Boat Haven Loop in that stands of Amphibolis 

seagrass do not penetrate far beyond the entrance. The southernmost occurence 
was found near the eastern shore, at a point 9.5 km south of the entrance and 16.5 
km north of dough's Bar (Fig. 3). 

3.1.2 Boat Haven Loop 

Comparisons between communities in Useless Inlet and Boat Haven Loop must 
take into account physical features distinguishing Boat Haven Loop from Useless 
Inlet are noted. The differing physical features of Boat Haven Loop are: 

'barrier bank' entrance with single tidal channel (rather than a deltaic 
entrance area with inner and outer sandy spill-over lobes forming a 'partial' 
barrier bank); 

narrower sublittoral platforms with steeper gradients; 

a smaller and more sinuous inner basin area with rocky islands; 

an unrestricted 'inner' tidal channel connecting the main basin to a 
southern basin (the hypersaline Browns Inlet); and 

a slightly shallower basin area (mean depth —6 m) containing less silty 
substrates and less turbid waters (cf. Plates 2a with 3a,e,f and 4a,b). 

The principal marine assemblages in Boat Haven Loop are mapped in Figure 4, 
listed in Table 1, and depicted in Plates 3 (a-f) and 4 (a-b). Compared with Useless 
Inlet, the differences in the distribution and composition of Boat Haven Loop 

assemblages are summarised as follows: 

Amphibolis : In contrast to Useless Inlet (and as with other areas in Shark Bay), 
extensive stands of Amphibolis extend southward throughout the 
salinity range of Boat Haven Loop and into the hypersaline 
Browns Inlet (Fig. 1; see Section 4). 
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sparse' 	This community is more restricted in distribution, a feature that 
Posidonia: 	can be related to the narrower width and sharper slope of the 

sublittoral platforms in Boat Haven Loop. 

Basin/channel These contain seagrass species not found in Useless Inlet (Table 1; 
assemblages: Plates 3a,b,e,f and 4a,b), a feature possibly related to reduced water 

turbidity and less silty substrates. 

Rocky shore These tend to be more diverse (Table 1), particularly those around 
assemblages: islands within Boat Haven Loop (eg. Kangaroo, South Kangaroo 

and Middle Islands). 

The last of these differences can be related to the nutrient-rich guano 
accumulations produced by the large numbers of seabirds that breed and roost on 
the islands and some of the more isolated headlands (Dr D. Walker, pers. 
comm.). After rainfall (as occurred during the present survey; see Appendix 3), 
the surrounding rock platform communities receive nitrate and phosphate 
nutrients which promote rapid and prolific algal growth (eg. Enteromorpha at 
Middle Island; Plate 3c). 

As in Useless Inlet, the Amphibolis meadow fringing the edge of channels and 
parts of the main basin is bordered in most parts by a 'strip' of monospecific P. 
australis meadow along the leading edge of the sublittoral platform (Fig. 4). This 
strip is not present in areas where the edge of the sublittoral platform lies in 
shallow water close to rocky shorelines (Fig. 4; Plate 3d). 

Unlike Useless Inlet, a mixed seagrass meadow (characterised by P. australis, H. 
uninervis and H. ovalis) occurs along the margins of the basin and parts of the 

channel floor (Plate 3a,e,f). This meadow also interdigitates with tongues of 
Amphibolis meadow that protrude onto the basin floor (Plate 3e). Where 
gradients are steep Amphibolis is absent and P. australis forms an unbroken 
meadow from the top edge of the platform to the basin or channel floor (Fig. 3). 
Beyond the margins of the channel and basin floors, P. australis gives way to 
leave a low turf of Halodule and Halophila seagrasses (Plate 3b), or is replaced by 
Pen icillus alga, as occurs in the southern and more saltier parts of Boat Haven 
Loop (Plates 3e and 4b). The small seagrass species were found at over 70% of the 
sites inspected by underwater survey in Boat Haven Loop. 

3.1.3 Useless Loop 

Levees built on the Useless Loop sand bar separate both the crystallisers and 

bitterns drainage ponds from the shoreline of Freycinet Reach (Figs 1-3). Benthic 
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communities on the Freycinet side of the sand bar comprise the following: 

Channel 	(recorded on bottom of the Freycinet channel immediately south 
assemblage: of shiploader and east of main levee; Fig. 1) Characterised by 

Halodule uninervis and Halophila spinulosa, with soft corals, sea 
squirts, sea cucumbers, sea stars and brittlestars (Plate 4c,d; see 
Table 6 for details on benthic infauna); 

Seagrass: 	Am phi boils and P. australis meadows, similar to those described 
meadows 	for Boat Haven Loop and Useless Inlet entrance area; 

Others: 	(i) Coral community, withTurbinaria bifrons and other species 
including Goniastrea sp. Ecf. paiauensisl (Fig. 3; Plate 4e,f); 
Bare sand community in shallow subtidal waters (infaunal 
components listed in Table 5 and detailed in Section 3.2.3). 
Intertidal mangroves fringing the southeastern portion of the 
main levee beach. 

3.2 BENTHIC FAUNA 

3.2.1 Diversity 

A total of 14,874 individuals representing 23 orders and 43 families of benthic 
animals were sampled from the shallow, deep and seagrass sites. The number of 
taxa of burrowing animals (benthic infauna) recorded from the shallow, deep and 
seagrass sites were very similar, with 13 orders and 20 families common to the 
three habitat types (Tables 2-4). Tables 2-4 also show that in all cases the main 
components of the infauna comprised polychaetes, crustaceans and molluscs. 

Animals attached to or closely associated with seagrass ('sessile epifauna' sensu 
Howard et al., 1989) were not sampled or recorded. Surface-dwelling animals (ie. 
motile epifauna and elements of the epibenthic fauna sensu Howard et al., 1989), 
which are termed 'epifauna' in this study, were far lower in both number and 
taxa (Tables 2-4). 

Diversity among the main infaunal groups sampled from Useless Inlet, the 
Freycinet coastline and Boat Haven Loop was very similar. In contrast, benthic 
infauna diversity in the shallow, deep and seagrass areas of existing ponds P0 and 
P1 was considerably less than that found in all open water areas (Tables 2-4). For 
example, the numbers of shallow water benthic taxa in ponds P1 (10) and P0 (14) 
were essentially half those of the open water areas. Both ponds contained the 
lowest diversity of polychaetes (4 families) and molluscs (2 and 4 families for 
ponds P1 and P0 respectively; Table 5). 



LeProvost, Semeniuk & Chalmer 	12 

Diversity of benthic infauna in the various deep water areas paralleled that of 
shallows (cf. Tables 2 and 3). Thus the narrow and deep channel within pond P0 
had the least diverse infauna (10 taxa), while deep water areas in the proposed 
pond, Useless Inlet and Boat Haven Loop supported a more diverse infauna of 
between 31 and 41 taxa (Table 3). 

These results show that Useless Inlet does not support a benthic infauna any 
more diverse than that near Useless Loop and in Boat Haven Loop. The most 
diverse benthic infauna beneath seagrass meadow was found beneath 
Am phi boils meadow in Boat Haven Loop, where a total of 34 taxa (including 17 
polychaete families, 11 crustacean orders and 4 mollusc families) were recorded 
(Table 7). This contrasts with the relatively low diversity found under 
Amphibo!is in Useless Inlet (13 taxa), and where molluscs were not found. 

The diversity of benthic infauna associated with 'average' stands of Posidonia 
australis was similar in the proposed pond, Useless Inlet, Boat Haven Loop. 
Between 24 and 31 taxa were recorded from these areas, with 11 families and 7 
orders occuring in all three. 

The number of taxa sampled from the 'sparse' stands in Useless Inlet (17) was the 
lowest of all seagrass sites outside Clough's Bar, but was higher than the 
Haloduie site within pond P0 (Table 4). The latter contained the lowest diversity 
of infauna, with 2 polychaete families, 3 crustacean orders and 1 mollusc family 
(Table 7). 

3.2.2 Abundance and biomass 

Abundance and biomass data are presented in Tables 5-8, with the abundance of 
the main infauna groups (ie. polychaetes, crustaceans and molluscs) portrayed in 
Figure 5 as histograms for the shallow, deep and seagrass-covered habitats. 
Variation both among samples from sites and among sites within areas was high, 
a feature also noted by Wells et al. (1985) in their study of benthic fauna at 
Monkey Mia, in the eastern part of Shark Bay. 

Shallow water infauna (Tables 5,8): 

The highest mean densities and biomass of polychaetes were recorded from Boat 
Haven Loop (756.7 and 7.8 g/m2) and pond P0 (367.5 and 4.8 g/m2) (Tables 5,8; Fig. 
5). In pond PU, a single family (Nereidae) comprised almost 60% of the total 
number. Polychaete density and biomass on the shallow platform of the 
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proposed pond and that north of the proposed levee were similar (means of 310.5 
and 3.5 g/m2  versus 283.3 and 3.14 g/m2; Tables 5, 8; Fig. 5). 

The highest mean density and biomass of crustaceans were recorded in the 
existing primary ponds (2367.4 and 9.4 g/m2  in P1 and 941.3 and 3.34 g/m2  in P0; 
Tables 5, 8; Fig. 5). These very high values were comprised almost entirely of 
gammarid amphipods, whose weight was more than 8 times that of the other 
shallow bare areas sampled in this survey. 

The shallow waters of pond P0 also contained the highest abundance and 
biomass of molluscs (157.5 and 161 g/m2  respectively), which were represented 
almost entirely by one family of venerid clams (dominated by P/a camen berrii) 
and the cardiid bivalve Anomalocardium North of dough's Bar, the most 
common venerid and cardiid molluscs were Callista impar and Fra gum unedo 
respectively. 

Compared to Boat Haven Loop, the abundance and biomass of shallow water 
infauna in Useless Inlet was slightly less, but comparable with Freycinet Reach 
near Useless Loop (Tables 5, 8; Fig. 5). 

Deep water areas (Tables 6,8): 

The highest mean density of polychaetes inhabitating bare deep water sediments 
was found in Boat Haven Loop (354.5/rn2), although mean densities recorded in 
the deep water areas of Useless Loop, Useless Inlet and proposed pond (283.5, 
221.8 aid 283.5/rn2  respectively) were not much lower. All these areas supported 
far higher numbers of polychaetes than the narrow deep channel in pond P0 
(mean = 17.5/rn2; Table 6; Fig. 5). 

The highest density of crustaceans in deep water areas was found in pond P0 
channel, where the recorded mean (555.1/rn2) was at least twice that of any other 
area (Table 6; Fig. 5). By contrast, the density of molluscs in this channel 
(11.3/rn2) was the lowest recorded. 

The highest mean density of molluscs (71.2/rn2) was obtained from the basin area 
north of the proposed levee in Useless Inlet (Table 6; Fig. 5). The latter value was 
slightly higher than those recorded for the proposed pond, Useless Loop and Boat 
Haven Loop, where means of rnollusc density ranged from 51.5 to 58.4/rn2  (Table 
6; Fig. 5). 
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The greatest overall biomass of deep water infauna was recorded from the 
proposed pond (36.04 g/m2), but this value was due largely to the contribution of 
heavy-shelled venerid clams that made up 87% of this weight (Table 8). Thus in 
other areas the contribution of molluscs was lower, ranging from 63 to 77% of the 
mean infaunal biomass in pond PU, Useless Inlet and Boat Haven Loop (Table 8). 

The highest deep water crustacean biomass (6.99 g/m2) was recorded in Useless 
Inlet north of the proposed pond (Table 8), where burrowing porcellanid crabs 
(Pachychaeies sp.) were unusually predominant at two of the four sampling sites. 
Crustacean biomass in pond P0 was higher than in the proposed pond (2.11 vs 
1.12 g/m2), despite the very low diversity in deepwater channel of the former 
area. The reverse was true for polychaetes, whose biomass was much lower in 
the P0 channel than in the basin of the proposed pond and Useless Inlet (0.21 
g/m2  versus 1.95 and 3.36 g/m2  respectively). The greatest biomass of polychaetes 
inhabiting bare deepwater sediments was found in Boat Haven Loop (4.14 g/m2); 
Table 8). 

Overall abundance and biomass recorded for the Useless Inlet deepwater infauna 
was not higher than that found in Freycinet Reach and Boat Haven Loop (Tables 
6,8; Fig. 5). 

Seagrass areas (Tables 7,8) 

Polychaete density and biomass was particularly high in samples taken beneath 
Am phi boils meadows in Boat Haven Loop (468.7 and 8.9 g/m2), and from the 
very small area of the proposed pond where 'average' stands of Posidonia 
meadow occur (ie. the edges of a tidal channel immediately to the north of the 
centre of dough's Bar; see Section 3.1.1). 

In the latter area, the density and biomass values for polychaetes (879.3 and 15.64 
g / m2)  were the highest recorded in this survey (Tables 7,8; Fig. 5). On the other 
hand, these values contrast starkly with those obtained for the 'sparse' P. aust rails 
meadow that covers a far larger proportion of the proposed pond (Fig. 3). Thus 
the mean density and biomass values under these stands was only 54.3 and 0.97 
g/m2  respectively (Tables 7,8; Fig. 5). 

Polychaete biomass beneath seagrass meadows in Useless Inlet and Boat Haven 
Loop was comparable in the case of P. australis (means of 6.58 and 5.67 g/m2  
respectively), but was dissimilar in the case of Amphibolis meadow (2.56 vs 8.92 
g / m2  respectively). 
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The highest recorded mean density of crustaceans beneath a seagrass meadow 
(237.5/m2) was also found under the 'average' P. australis meadow in the 
proposed pond (Table 7; Fig. 5). This value was much higher than that obtained 
for the 'sparse' meadows of P. australis in the same area (54.3/rn2). While the 
abundance values are dominated by gammarid amphipods, biomass was 
dominated by the much larger burrowing crabs (Pachychaeles spp.) that were 
found beneath both theP. australis and Arnphibolis meadows (cf. Tables 7 and 8). 
These crabs contributed to between 83 and 99% of the total crustacean biomass in 
each area. The latter percentage reflects the situation measured from 'average' 
Posidonia samples in the proposed pond, where crabs contributed 107.4 g/m2  to a 
total mean crustacean biomass of 110.3 g/m2, the highest crustacean biomass 
value recorded from all three habitat types (Table 8). 

The highest density and biomass of molluscs of the entire survey (mean 320.8 
and 337.5 g/m2  respectively) was found in the Haloduie samples taken from 
pond P0, and the mean overall biomass of infauna from these samples (340 g/m2) 

was at least twice as high as that in any other seagrass area (Tables 7,8; Fig. 5). 
However the high biomass is almost entirely due to the mass of heavy-shelled 
venerid clams (337.5 g/m2), and thus does not portray a 'food weight'. 
Nevertheless, the mean density and biomass of polychaetes and crustaceans in 
theHaloduie areas of pond P0 are comparable with seagrass areas beyond 
dough's Bar, and are higher than those recorded for the sparse P. australis 
meadow in the proposed pond (Tables 7,8; Fig. 5). 

In Boat Haven Loop, Amphibolis seagrass was associated with higher densities 
and biomass of infauna than P. australis. This trend is apparently reversed in 
Useless Inlet, where polychaetes and infaunal crustaceans and molluscs were 
more abundant underneath stands of P. australis (Tables 7,8). Overall, the results 
provide no evidence that the major areas of seagrass stands in Useless Inlet are 
supporting a richer infaunal community than those in Boat Haven Loop. 

3.3 USELESS LOOP SHORELINE 

As well as underwater inspections beside and to the south of the Useless Loop 
levee (Fig. 2), samples of the benthic infauna were taken from a deep water site 
and three shallow sites (Fig. 1). All were on bare sandy substrates. Sites were 
chosen to reveal whether there was a marked reduction in benthic infaunal 
diversity and/or abundance as a result of bitterns disposal. Thus two of the 
shallow water sites were located just beyond the low water mark of the beach 
adjacent to the levee (Fig. 1). 
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Both diversity and the mean values for abundance and biomass of the deep and 
shallow water sites beside the bitterns disposal area at Useless Loop are similar to 
those obtained for other areas (see Tables 2,3,5,6,8 and Fig. 5). The maximum and 
minimum number of animals sampled from each of the two shallow water sites 
beside the levee (ie. the sample ranges) overlap those obtained from the third site 
located south of Useless Loop (see Fig. 2), and provide no indication of a marked 
reduction: 

SAMPLE RANGES 

Useless Loop levee 	Southern Freycinet site 
(8 samples) 	(4 samples) 

Polychaetes: 9-34 22-46 
Crustaceans: 6-106 3-27 

Molluscs: 0-7 0-3 
Others: 0-2 0-2 

IJ.I,f1T.x1 

4.1 MARINE BENTHIC COMMUNITIES 

The generalised descriptions of Edel Land benthic communities given by Read 
(1974) can be readily matched with the assemblages identified in the present 
survey (Table 1). Thus differences are minor, and relate either to the abundance 
of certain organisms selected by Read as characterising a particular Edel Land 
community, or to the modified assemblages within the existing pond system. 

For example, while Read (1974) listedCerithium as characterising benthic 
communities in deep water areas, such gastropods (eg. Rhinclavis vertagus) were 
not a predominant component in the samples from basin communities in 
Useless Inlet and Boat Haven Loop. High numbers of razor clams (Pinna bicolor) 
and oysters (Pinctada albina), which characterised Read's Pin na/Pinctada 
community were found in both 'sparse' and 'average' Posidonia stands only in 
the inner entrance area of Useless Inlet and Boat Haven Loop. 

'I'1I4• 'Nfl.J 

The results of the field survey show that assemblages identified within the 
proposed pond area are not unusual and are found elsewhere in Useless Inlet 
and/or in the Edel region. Assemblages in the proposed pond but absent in the 
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existing ponds comprise those associated with the Turbinaria coral and both the 
sparse and average stands of Posidonia australis meadow. 

Comparisons of mosaics of aerial photgraphs taken in 1957, 1973, 1978 and 1989 
reveal that the patchy stands of P. australis fringed the edges of the narrow 
channel within pond P0 before the construction of dough's Bar. It can therefore 
be expected that the existing P. australis community within the proposed pond 
eventually will be modified and gradually replaced by other flora (including 
Ruppia and various algae) following the completion of the proposed levee. 

The phtographic record also reveals that the density and patchiness of existing 
meadows in the vicinity of dough's Bar has not changed following the 
completion of this levee in 1975. Thus the distribution of seagrass meadows to 
the north of the proposed levee can be expected to remain unchanged. 

Corals are normally associated with oceanic salinities, and their growth can be 
limited by high turbidities and by the smothering effects of epiphytic plants. The 
small number of Turbinaria corals (<30) which are restricted to a 200 m shallow 
zone within the basin of the proposed pond are sited where salinities regularly 
exceed 44 O/ Nevertheless, they will probably be adversely affected by the more 
turbid and nutrient-enriched waters of the proposed salt pond, and may 
eventually die. No corals were found in the existing pond system. 

4.1.2 Useless Inlet 

This study has revealed that the distribution of Am phi boils seagrass meadow in 
Useless Inlet appears restricted compared with Boat Haven Loop and other Shark 
Bay embayments such as Lharidon Bight (seeeg. Walker et al., 1988). In these 
regions, Amphibolis meadows occur over a wide range of salinity (35-58 O/, 

sediment type (fine mud to coarse shell) and current regime, including areas with 
minimal tidal movement such as Lharidon Bight and the southernmost portion 
of Boat Haven Loop (Browns Inlet). Absence of Amphobolis from the shallow 
portions of subtidal platforms reflects sensitivity to insolation as well as to water 
temperatures over 300  C (D. Walker, pers. comm.). 

Although Posidonia australis has a narrower salinity tolerance (35-55 O/,  it 
tolerates a broader range of temperature, higher levels of water turbidity and 
higher energy environments, including the more exposed portions of tidal 
channel banks including the 'leading edges' (Walker et al., 1988; Walker, 1989). 
These properties help explain why stands of P.australis are rare above 50 o/  and 
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why P. australis can extend beyond Amphibolis meadows over the shallower 
areas of sublittoral platforms (eg. regions less than 1 m at MLLW and where 
water temperature can reach 300  Q. 

The 1957-1989 aerial photographic record of Useless Inlet shows that the 
distribution of both Posidonia and Amphibolis meadows north of dough's Bar 
has remained remarkably constant over this period. Features such as 30-35 m 
wide 'blow-outs' can be matched between the 1957 and 1989 mosaics. 
Construction of the first bar in Useless Inlet (Reid's Bar) commenced in 1967. 
Since Amphibolis meadows were absent along the edges of the main basin in 
1957, their absence is evidently an historical feature unassociated with the 
installation of salt ponds. 

On the other hand, it is possible that both the lack of Amphibolis in the inner 
basin and the apparent paucity or absence of Halodule and Halophila seagrasses 
in the basin and channel areas of Useless Inlet might be due to the long-term 
consequences of dredging activities undertaken by the pre-war pearling industry 
(see Section 5.4 of volume 1). This is because chronic disturbance caused by 
protracted activities such as dredging are known to have long-term effects on 
'climax' seagrass meadows such as Amphibolis and Posidonia spp. 

It is also possible that the paucity of 'pioneering' seagrass species (such as 
Halodule) in the deep water areas of Useless Inlet may be related to both finer 
sediments and increased water turbidity, but no data or anecdotal evidence could 
be obtained to ascertain whether the present sediment regime is natural or has 
also arisen as a consequence of pearl-oyster dredging between the 1870's and 
1930's. Irrespective of this conjecture, it is important to note that Useless Inlet 
does not represent a pristine, unmodified habitat. 

4.1.3 Useless Loop 

Discernible degradation to benthic marine communities adjacent to the Useless 
Loop levee was not detected by this study, a finding consistent with the virtually 
unchanged pattern of seagrass distribution in the aerial photographic record. In 
this context, the presence of: 

(i)Turbinaria and Goniastrea corals in 2 m deep waters close to the levee; and 

00 mangroves fringing the southeastern portion of the levee beach; 
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are particularly noteworthy, since these features indicate that water quality 
alongside Useless Loop has remained high. The view that the bitterns drainage 
areas have had negligible effect on the biota of the neighboring Freycinet Reach is 
supported by the results of the quantitative benthic fauna survey (Section 3.3). 

4.2 BENTHIC FAUNA 

Wells et. al. (1985) have found that Amphibolis antarctica and Posidonia 
australis seagrass beds at Monkey Mia (Peron Peninsula) support a more diverse 
and abundant fauna than bare sand habitats. This was due to the high diversity 
and abundance of epifaunal animals intimately associated with the seagrass, a 
feature related to the increased protection and variety of available microhabitats 
provided by the seagrass canopy. 

Wells et al. (1985) also found that infaunal spcies formed a smaller component 
of the total seagrass fauna, and that differences between the diversity and 
abundance of infauna within seagrass and bare sand habitats were far less 
pronounced, with diversity, abundance and biomass at Monkey Mia being 
highest under P. australis meadow (Table 3 in Wells et al., 1985). 

The present study did not focuss on the epifaunal component of seagrass beds for 
the following reasons: 

(i) less than 20% of Useless Inlet contains seagrass meadow (Fig. 3); 

commercial fishes such as whiting, mullet, yellowfin bream, tailor, flathead, 
flounder, etc that gain protection either by schooling, by camouflage against 
sediments or by turbid waters, are more abundant over (or predominantly 
utilise) bare substrata (eg. Bell & Pollard, 1989); 

seagrass meadows are not the prefered habitat of western king prawns (see 
Appendix 3). 

This study has found that, in general, the benthic infauna beneath Edel Inlet 
seagrass meadows is not dissimilar in diversity, abundance and biomass to that 
colonising the bare sand habitats in both shallow and deep water. This result is 
consistent with findings by Black et al. (in press), who found that differences 
between benthic infaunal abundance inside and outside seagrass beds at Monkey 
Mia were not as large as they had expected. The present study also indicates that 
the characteristics of the benthic infauna of Useless Inlet (including the proposed 
pond), Useless Loop and Boat Haven Loop are,similar. 
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4.2.1 Useless Inlet 

The results of this study show that, compared with Useless Loop (Freycinet 
Reach) and Boat Haven Loop, all but one of the habitat types sampled within the 
open waters of Useless Inlet contained a benthic infauna whose abundance and 
biomass was lower than that of the other areas. The single exception comprised 
a very small area immediately to the north of the centre of dough's Bar, where 
stands of Posidonia australis meadow are similar in density to those in the 
entrance areas to Useless Inlet and Boat Haven Loop. However even higher 
infauna abundances and biomasses were recorded from areas within the existing 
ponds behind Clough's Bar. 

4.2.2 Existing ponds 

The reduced diversity but high abundance of benthic infauna in ponds P1 and P0 
can be related to the artificially enhanced salinity, temperature, turbidity and 
nutrient regimes. Previous phosphate enrichment to promote sealing of pond 
floors must have undoubtedly promoted primary productivity within the ponds, 
leading to the recorded high abundance of benthic animals in the shallow water 
areas. Density of gammarid amphipods and venerid molluscs was particular 
high, and the density and weight of polychaete worms was also higher in the 
shallow andHalodule water areas of pond P0 than in the comparable areas of the 
proposed pond. On the other hand, the narrow, deep water channel that passes 
through P0 was not found to harbour an unusually abundant fauna. 

Whiting schools move into and feed in shallow water areas and banks during the 
high tide. Lenanton (1970) found that polychaetes, amphipods and bivalve 
molluscs were an important component of whiting diets. It is therefore not 
unreasonable to predict that in the new pond there will be a marked increase in 
the number of food items suitable for whiting and other commercial fish species 
which forage for benthic animals over soft substrates, although infauna diversity 
in the proposed pond will most likely fall following levee completion. 

s) '1.1I.P'I .iiiii'J 

In assessing the present biological value of the benthic fauna within proposed 
pond area, it is important to recognise that some 55% of this area comprises part 
of the large Useless Inlet basin (Fig. 3). The other 45% comprises the shallow 
sublittoral platform, of which approximately 20% contains a the patchy and 
'stunted' Posidonia australis seagrass meadow. Less than 1% of the proposed 
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pond contains a dense P. aust rails meadow from which a relatively high mean 
density of benthic infauna was recorded (Section 3.2.2; Fig. 3). 

Compared to other areas in Useless Inlet and Boat Haven Loop, none of the 
sampled habitats in the remaining 99% of the proposed pond area was found to 
contain an unusually rich or diverse benthic fauna. These findings strongly 
indicate that primary production within the proposed pond is not unusually 
substantial or distinctive compared with other open water areas within Useless 
Inlet, and that the area of the proposed pond does not act as an important 
contributor to the aquatic ecosystem within Useless Inlet or the surrounding Edel 
Land region. 

This comparative field survey also found that none of the benthic marine 
assemblages within proposed pond are restricted in distribution, or support 
species or sedimentary processes that are rare and/or of high conservation value. 
Thus marine resources of important conservation value to Shark Bay (such as 
developed mangrove areas, stromatolites, or Amphibolis and Halodule seagrass 
meadows that provide foraging grounds for dugongs) were not found in the area 
of the proposed pond. 
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TABLE 1 

R1r.4IPLE BENTHIC At4QJJIIRAL COrir-IUNITIES IN USEI,ESS INLET 

EQIJIVALENT 
LOCATION MAIN COMPONENTS READ (1Q74) 

______ 	 ___________ 	 ________________ COMMUNITY 

OtEF WATER C0I1I11kITIE5 
Bare soft substrate Basin area and tidal channels; and channel areas in Starfish ( 4st&ri,7il, sea cucumbers, sea anemones, sea squirts, parcel lanid crabs (P.c>th./s 

pond PU (behind Gloughs Bar). sp.); with codecear. algae (esp. Awi'/is) in southern areas; with diverse polychaets, crustacean  
and mollusc mt aun 	(Table e). (southern treas 

on)y) 

rurbx& '4p Within a 200m area on top of a submerged dunal Solitary hermstyptc corals ( T'i,i,&ibifrwisand sp(cf. nse.i1er4 ) with encrusting sponges, )xle 
ridge (5m deep) in eastern basin area of proposed hydrolds and bryozoans; on bare sandy substrate. (ie. Apo 
pond. 

SIA6RASS COIItIUNITIES 
A,pph,.,o/,s Entrance channel area; edges of sublittoral platform A,rp*,Z,/,s 	iIx'k4 gastropods, foraminifera, epiphytic corallirie algae, serpulids, sponges,  

and spill-over lobes (occasionally protruding on to bryozoans, mytilids and diverse benthic infauna (Table 7). 
floor of basin or channel). 

sparse' Avidwij Sublittoral platform and shallower parts of spill- separate or isolated stands), foraminifera, epiphytic coralline algae; with Stuitee 	icw,j 
over lobes, 	top 	of 	submerged 	dunal 	ridge 	in drift alage (eg. ai7tyvIJ, sea squirts, sea cucumbers, portunid crabs; some cystoseirsn algae 
proposed pond. (/ 1n4Mis, oysters, razor clams ( m, bryozoans, sponges; diverse benthic lnfina (Table 7). 

M/oi'/e Portions of the sublittoral platform within pond P0. M/OthI/8' 	,.i,?rv)4 	green 	algae 	(/)s 	C/a.,cVicr; 	Rupp4 (highly 	seasonal), 	some Costoc.,/'s(e 
foraminfero, with a restricted benthic infauna (Table 7) dominated by amphipods and bivalves (but modified) 
(/,c,,m,'ri,end 4fto.1w/xi 

SHAtLIIW WATER CC1MUNITIES 
Shallow subtidal platform Shallow areas of sublittoral platform occasionally Open waters: Mosaic of areas dominated by (I) green and brown algae (eg. udotids, C.u/erp4 .4/wna.'oca"u"~An 

exposed dtring very low tides (except in primary CI. ic, Metyots. /nc4i, and/or (ii) mytilids (Botula vijiizand &c'i)öwtas 4Iste1/at/$ Ca/'/,a 
ponds). often with thick mat of encrusting sponge), that over-lie otherwise bare and mobile sandy veneers 

(+20 to <1cm thick) containing a diverse infauna-with cordiid and venerid molluscs (eg. Cst'i.sta 
Table 5). 

• Pond area: Mats of filamentous algae (C/aata."nx,, Rfnroc/on.io' 	C/,eol ri;r4 covered with 
numerous diatoms; Pv/yA'ysa (green alga) and Riippia' (seasonal); restricted herthic infauna 
dominated by P/ac,w,e,,b,wriiand srnphipods 

Intertidal platform Areas regularly exposed during low tides (or by low Oen areas: beach sands, or thin sandy veneers on pavement with occasional mytilid mcllcs(:s, small 
summer water levels in primary ponds). sponges and filamentous green algae. 

Pond 	areas: 	Sandy 	veneers 	cc''ered 	with 	filamentous 	algae 	I £7aIs 	ic,c/c77 
7Q,7i and numerous distms. 

Rocky shorelines Areas submerged or wetted only at high tides. Depauperate community comprising limited areas of mytilid bivalves and littorinid gastrcipxis; 
with cyanobacteria (blue-green algae) and crabs in shaded areas beneath benches and boulders. 

SIJPRATIDAL Cor'VIIrIITIES .. . 

Halophytic commtiiity Occupying mud flats in east embayment (north of S.smphires (eg. 	/shirm',, 	behind or among 	poorly-developed 	leathery 	mats 	of Pco:c 
proposed pond) and in southern parts of primary cyanobacteria 
ponds P0 and P1. 

Mangrove Large stand in eastern erhbayment north of proposed AvfcemMr1r.wAl on beach saud drift or muddy shoreline (depending on aspect) with organic debris 
pond. Small stands along northeast and southwest dominated by orriphipods; occasorally with porcellarmid crabs. 
send beaches of Useless Inlet, including proposed 
pond. Restricted areas in southeastern part of pond 
P0. 



TABLE I (Contd) 
£JUNCIPLE. BENTHIC AND LITTORAL COMMUNITIES IN BOAT HAVENLQQ 

LOCATION 
	

MAIN COIIPONENTS 
	

READ(l974) 
COMMUNITY 

P ,usIrm',5 with seagross understorey of h(,!ooiI& i,ri,s and oicnsionol 	 (cf. 	Prnc,//'s, 

	

çiI&a.1. Density of ,5i1aiv4decreasing and green alg (Pe,k///,s ,i/os increaseing in a 	£'w74Imn 
southerly direction. Foraminifera, epiphytic cor&Iine &gae itJi diverse polychaete, mollusc and (s.,uthern areas 
crustacean infauna dominated by Arrhipods (Table 7) 	 only) 

Mixed seagrass community dominated by h(,4ii/c' ii,irv,swith Mfoç"i/1j ovi/14 and occasinaI 	C)moc/.,.ceè 
northern channel. Often among thin mats of shedded ,s,bi.blodes in basin 

area. Codadean alga ( Povncil/tis) prominent in basin and southern channel areas. Soft corals and sea 
cucumbers in north channel. 

Epifauna comprising soft corals (in north tidal channel), sea anemones, sea cucmbers and sea 
squirts overlying diverse infauna (Table 6). 

Depauperete community dominated by P6liai/1I5 	 some gastropds or otherwise bare 
grey sandy substrate. Benthic fauna unknown. 

4iroh1bo/,s &' -e,c. gastropc.ds, foraminifera, epiphytic coralline aIiae, serpulids, sea stars 
(Asavw*â, sea squirts, sponges, bryozoans, mytilid bivalves, portunid crabs (C/,iryA.*z.csp.) tie. .4','nbo!, 
with diverse benthic infauna containing brittle stars (A.e-ri/a'$ and dominated by omphipod 
crustaceans (Table 7). 

Pos,dopthe, 	foraminifera, epiphytic coralline algae, gastropods portunid crabs (Chtrytos  
sp.)f  sponges, bryozoans, mytilids, serpulids some razor clams and occasional oysters in northern 	P,'Pi'tj 
areas. Diverse benthic infauna (Table 7) 

PbsidbnXt ,.esfr,,I,s(as separate or isolated stands), foraminifera, epiphytic coralline algae; with Stunted osid'c 
drift singe (eq. ai7ovtj, sea squirts, sea cucumbers, portunid crabs; some cystoseiran algae 
(,Mvcjtsi, bryozoans, sponges; diverse benthic ml suns (Table 7). 	 1 t'ut modified) 

Mosaic of areas dominated by (U green and brown algae (eq. Ni?e 	cs'i/r 
,4b', and/or (ii) mytilids IDA,'/ 	,nand 	thiE's 	often with 	os,c,,//igth 

thick mat of encrusting sponge), that over-lie otherwise bare and mobile sandy veneers (+ 10 to 
<1cm thick) containing a diverse infauna with cdiid and venerd molluscs (eq. C/?,t, 	Table 

w1Pmii:-i7141sj Lower edges of tidal channels (including southern 
community channel to Browns Inlet), and frequently extending 

across floor. 

mIoJIe/P6y7kf//.Js Floor of tidal channels and main basin area of Boot 
community Haven Loop. 

Bare sand commulity Various sized patches interspersed among seagrass 
communities. 

PcAcomrnwlty Basin area of Browns Inlet. 

SEA$RISS COMMUNITIES 
.4,rcI,bo/,s Edging the barrier bank (at entrance), tidal channels 

and sublittoral platform, including areas in Browns 
Inlet. Occasionally extending onto floor of basin 
where slopes have shallow gradients. Often 
intergrades with Ps,'irnmeodow. 

Offshore parts of barrier. bank and sublittoral 
platform, especially along edges of tidal channel and 
basin where slopes are steep and tidal currents are 
relatively fast. 

sparse AviVa74P Restricted to limited inshore subtidal areas of 
sublittoral platform, and partS of the barrier bank 
(at entrance area). 

SHAlLOW WATER COMMUNITIES 

Shallow subtidal platform Shaflow areas of sublittoral platform occasionally 
exposed during "ery low tides. 

Intertidal platform Areas regularly exposed during low tides. 

Rocky shorelines Areas including shorelines of islands that are 
submerged or wetted only at high tides. 

SUPIATIDAL COMMUNITIES 

Holophyte community Occupying rrr.id  flats in west enibayment and 
southern shoreline of scat Hs,en Loop, and in 
southern and eastern ores of Browns inlet. 

Beach sands, or thin sandy veneer's on pavement with mytilid m,lluscs. encrusting sponges and 
filamentous green algae. Infauna unkno'n 

Emphemeral carpets of E/1t 	7p.ttepecialty after rain), with rock-b'rinç mytilids, littoririlds, 
barnacles ( Cbt /rrnis ap.), smooth-shelled rock oysters, lmpets icf 	 and sea 
anemones, especially in shaded areas under benches and brulders. 

Thick leathery mats of cycnobacteria, backed by sarrphr'e flati (cc. 	 .i'.tx) or by bare 
limestone platforrris. 



LoProvot, Somoniuk & Cholmor 

TABLE 2 

DIVERSITY OF BENTHIC FAUNA IN BARE SHALLOW AREAS 

Overall diversity 

Existing North of Useless Boat Areas 
(individuals per. ponds Proposed proposed Inlet Useless Haven outside 
square metre) P1 P0 pond pond (overall) Loop Loop ponds 

200+ 1 2 0 0 0 2 0 
50-199 1 4 2 2 3 1 3 4 
5-49 4 1 13 15 13 12 12 15 

<5 4 7, 15 11 21 18 21 30 
Total no. of taxal 10 14 30 28 37 32 36 49 

L(number of epi fauna 1 1 3 1 3 1 4 5 

Polychaete taxa 

Existing North of Useless Boat Areas 
(individuals per ponds Proposed proposed Inlet Useless Haven 

I 

outside 
square metre) P1 P0 pond 	pond (overall) Loop Loop ponds* 

200+ .0 1 0 	0 0 0 2 0 
50-199 1 2 2 	2 3 1 2 3 
5-49 2 0 8 	8 8 7 7 9 

<5 1 1 4 	5 	1 5 6 6 5 
Total number 4 4 14 	15 	1 16 14 17 17 

Crustacean taxa 

Existing North of Useless Boat Areas 
(individuals per ponds Proposed proposed Inlet Useless Haven outside 
square metre) P1 P0 pond 	pond (overall) Loop Loop ponds* 

200+ 1 1 0 	0 0 1 0 0 
50-199 0 1 0 	0 0 0 1 1 
5-49 1 0 3 	3 3 4 1 2 

<5 2 2 3 	1 .1 1 2 6 
Total number 1 	4 4 6 	4 7 6 4 9 

tiolluscan taxa 

Existing North of Useless Boat Areas 
(individuals per ponds Proposed proposed Inlet Useless Haven outside 
square metre) P1 P0 pond 	pond (overall) Loop Loop ponds* 

200+ 0 0 0 	0 0 0 0 0 
50-199 0 1 0 	0 0 0 0 0 
5-49 1 0 1 	2 I 1 1 1 

<5 0 3 5 	3 7 7 8 13 
Total number 1 4 6 	5 8 8 9 14 

Other taxa (including epifauna) 

Existing North of Boat Areas 
(individuals per ponds Proposed proposed Useless 	Useless 	Haven outside 

square metre) P1 	P0 pond 	pond Inlet. 	Loop 	Loop I ponds* 

5-50 0 	1 1 	2 1 	0 	3 3 
<5 1 	1 3 	2 5 	4 	5 6 

Total number 1 	2 4 	4 I 	6 	4 	0 9 

iYveraII number ot taxa round throuohout the areas samolea outside the üonds 
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TABLE 3 

DIVERSITY OF BEPITIIIC FAUNA IN DEEP WATER AREAS 

Overall diversity 

Existing North of Useless 	 Boat Areas 1  

(individuals per ponds Proposed proposed. Inlet 	Useless 	Haven outside 

square metre) P1 	P0 pond 	pond (overall) 	Loop 	- 	Loop _ponds_ 

200+ 1 0 	0 0 	0 	0 0 

50-199 0 3 	2 1 	5 	3 3 

5-49 6 15 	14 17 	13 	17 17 

<5 3 12 	15 19 	10 	17 29 

tal no. of taxa 	- 	10 	30 	31 	37 	26 	37 	49 

number of epifauna 	 0 	1 	1 	2 	1 	3 	3 F 
Polychaete taxa 

Existing North of Useless Boat I 	Areas 

(individuals per ponds Proposed proposed Inlet Useless Haven outside 

square metre) P1 	P0 pond pond (overall) Loop Loop ponds 

200+ 0 0 0 0 0 0 0 

.50-199 0 2 1 0 3 1 2 

5-49 2 7 8 9 4 	. 10 

<5 2 4 4 5 8 6 	jj_9 

Total number - 	4 13 13 14 15 17 II 	19 

Crustacean taxa 

Existing North of Useless Boat Areas 

(individuals per ponds Proposed proposed Inlet Useless Haven outside 

square metre) P1 	P0 pond pond (overall) Loop Loop ponds* 

200+ 1 0 0 0 0 0 0 

50-199 0 1 1 1 2 2 1 

5-49 3 5 2 3 4 3 5 

<5 0 4 7 7 1 5 7 

Total number - 	4 10 10 11 7 10 13 

Plolluscan taxa 

Existing North of Useless Boat Areas 

(individuals per ponds Proposed proposed Inlet Useless Haven outside 

square metre) P1 	P0 pond pond (overall) Loop Loop ponds* 

200+ 0 0 0 0 0 0 0 

50-199 0 0 0 0 0 0 0 

5-49 1 3 4 5 3 4 4 

<5 1 1 4 4 11 3 7 

Total number - 	2 4 8 9 4 7 11 

Other taxa (including epifauna) 

Existing North of 	Useless Boat 	Areas 

(individuals per ponds Proposed proposed 	Inlet 	Useless Haven 	outside 

square metre) P1 	P0 pond 	pond 	(overall) 	Loop Loop 	ponds* 

5-50 0 0 	0 0 	2 0 0 

<5 0 3 	0 3 	0 3 6 

Total number - 	0 3 	0 	3 	2 3 	6 

0er'aIl number of taxa found throughout the areas samoled outside the oorid 
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TABLE 4 

DIVERSITY OF BENTHIC FAUNA BENEATH SEAGRASSES 

Overall diverslt 

(individuals per Pond Useless Inlet north Outside 
square metre) P0 Proposed pond of proposed pond Boat Haven Loop ponds * 
Sti9is-  4rp //A*,k PosAAwit &,sJri A7p4gWar jPos-k*w4p 4nuFfr j;0 *d4) 

200+ 2 2 	0 0 	0 1 	2 1 
50-199 1 3 	2 3 	2 4 	2 2 
5-49 2 16 	8 15 	6 15 19 20 

<5 1 6 	9 9 	5 12 	15 26 
Totalno..oftaxa 6 27 	19 27 	13 32 	38 49 
(Number of epifauna 0 2 	3 3 	1 1 	5 5) 

Poly chaete taxa 

(individuals per Pond 
I 

Useless Inlet north Outside 
square metre) P0 Proposed pond of proposed pond Boat Haven Loop ponds* 
S9-J$' fyp' th*,A' Pa 	# ftg (' imL4) 

200+ 0 1 	0 0 	0 0 	1 0 
50-199 1 3 	0 2 	1 3 	0 2 
5-49 1 6 	3 5 	2 6 	11 10 

<5 0 4 	5 5 	3 4 	5 7 
Total number 2 14 	8 12 	6 13 	17 19 

Crustacean taxa 

(individuals per Pond 

I 

Useless Inlet north Outside 
square metre) PU Proposed pond of proposed pond Boat Haven Loop ponds* 
St'9L n:i AfiWhA310 Pusm,j AnIM60I& (F ,,mf4) 

200+ 1 1 	0 0 	0 1 	1 1 
50-199 0 0 	1 1 	1 1 	1 0 
5-49 1 3 	2 5 	3 5 	5 6 

<5 1 2 	1 1 	2 2 	3 5 
Total number 3 6 	4 7 	6 9 	10 12 

Holluscan taxa 

(individuals per Pond I Useless Inlet north Outside 
square metre) PD Proposed pond of proposed pond Boat Haven Loop ponds* 
.5e'.I9J.c 	'qpt' /(g*,k Pv:i, 4npbgv Pfu,i.ci 	4othc mf 4) 

200+ 1 0 	0 0 	0 0 	0 0 
50-199 0 0 	1 0 	0 0 	1 0 
5-49 0 4 	1 3 	0 2 	1 2 

<5 0 0 	2 2 	0 5 	2 8 
Total number 1 4 	4 5 	0 7 	4 10 

Other taxa (including epifauna) 

(individuals per 
square metre) 

Pond 
P0 

I 	

Proposed pond 
Useless Inlet north 
of proposed pond Boat Haven Loop 

Outside 
ponds * 

17  *Wvsytgp' /i& ñ,si /fr 4) 
5-49 

<5 
0 
0 

3 	2 
0 	1 

2 	1 
1 	0 

2 	2 
1 	5 

2 
6 

Total number 0 3 	3 3 	1 3 	7 8 

* Overall number of taxa found throuQhout seaQrass areas sampled outside the ponds 
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TABLE S 

MEAN ABUNDANCE OF SHALLOW WATER BENTHIC FAUNA 

(x/m2= mean number per square metre) 

POND POND Proposed 	North of USELESS USELESS BOAT HAVEN AVERA6E 

AREA ONE ZERO Pond 	Prop. Pond INLET LOOP LOOP DENSITY 

(Useless Inlet) 
Sample size N=12 NI6 11=16 	N=16 11=32 1412 N20 

Dens1t x/m2 x/m2 x/m2 	x/m2 x/m2 x/m2 x/m2 x/m2 - 
POLYCHAETES 

CAPITELLIDAE 136.7 79.4 77.5 	41.3 59.4 70.6 204.4 111.5 

NEREIDAE 20.6 214.4 17.5 	9.4 13.5 3.3 123.1 46.6 

ORBINIDAE 42.5 73.1 82.5 	82.5 82.5 41.7 70.6 64.9 

TEREBELLIDAE 24.4 	3.6 14.1 20.6 216.9 03.9 

OWENIIDAE 41.6 	73.1 57.5 36.7 10.6 34.9 

MALDANIDAE 20.0 	2.5 11.3 15.8 48.1 25.1 

SYLLIDAE 9.4 	2.5 6.0 3.3 35.6 15.0 

SPIONIDAE 0.6 20.6 	20.0 20.3 0.6 0.6 7.2 

NEPHTY$DAE 5.6 	. 	11.9 6.8 16.6 3.1 9.5 

PHYLL000CIDAE 0.6 5.6 	3.6 4.7 15.6 6.1 9.5 

aYCERIDAE 0.6 	9.4 5.0 12.5 6.1 8.5 

EUNICIDM 2.5 	 5.6 4.1 15.0 6.4 

OPHELIIDAE 0.6 	16.3 8.5 1.7 1.9 4.0 

CIRRATULIDAE 1.9 1.0 0.8 5.6 2.5 

MAGELONIDAE 0.6 0.3 0.6 2.5 1.2 

ONUPHIDAE 1.9 0.6 

POLYNOIDAE 0.6 0.3  0.6 0.3 

Total Polgchaetes 200.8 367.5 310.5 	283.3 296.9 241.4 756.7 431.7 

CRUSTACEANS 
GAPIMARIDEA 2350.8 600.0 16.9 	10.6 13.8 27.5 41.3 27.5 

TANAIDACEA 0.8 130.8 20.6 	5.6 13.1 265.8 98.8 132.6 

MYSIDAEA 15.0 1.9 5.0 	5.6 5.3 12.5 3.8 7.2 

ISOPODA 0.8 0.6 0.6 0.3 5.6 2.0 

PAGUROIDEA 5.0 1.7 

PENAEIDEA 1.3 0.7 0.6 0.5 

CAPRELLIDEA 0.6 0.2 

CUMACEA 0.6 0.3 0.1 

BRACHYURA  0.6 0.3  0.1 

Total Crustaceans 2367.4 941.3 45.0 	22.4 33.7 337.4 144.5 171.9 

MOLLUSCS 
Bivalves 

VENERIDAE 14.2 153.1 14.4 	42.5 28.5 22.5 29.4 26.8 

CARDIIDAE 3.8 	0.6 2.2 0.8 3.1 2.0 

TELLINIDAE 0.6 6.3 3.1 1.0 

?IACTRIDAE 1.9 1.3 0.4 

LATERNUL$DAE 0.6 	 2.5 1.6 0.5 

Univelves 
CERITHIIDAE 3.6 1.9 2.5 1.5 

NASSARIIDAE 1.9 0.8 2.5 1.1 

LITTORINIDAE 1,7 1.3 1.0 

TURBINIDAE . 1.9 0.6 

cREPIDULIDAE 0.6 0.6 0.5 

TEREBRIDAE 0.6 0.3 0.8 0.4 

TROCHIDAE . 0.6 0.2 

EPITONIIDAE 0.6 0.3 0.1 

SCAPHOPODA 1.3 0.6 4.2 3.1 2.6 

Total Molluscs 14.2 157.5 23.6 	53.1 30.5 34.1 43.8 36.8 

ECHINODERMS 
OPHIUROIDEA 13.1 	10.6 11.9 1.7 3.6 5.8 

H0L0THUR0IDE 0.6 5.0 2.5 4.2 12.5 6.4 

Total Echinoderms 0.6 13.1 	15.6 14.4 5.9 16.3 12.2 

OTHERS 
SIPUNCULA 2.5 1.3 0.8 7.5 3.2 

NEMATODA ________ - 0.6 0.2 

Total Othsrs 
 _________________ 

2.5 1.3 0.6 8.1 3.4 

EPIFAUNA 
MYTILIDAE 0.6 2.5 	 3.8 3.1 1.7 72.5 25.6 

ACTINARIA 26.3 0.6 0.2 

ASCIDIACEA 0.6 0.3 0.6 0.3 

PYCNOGONID 0.6 0.2 

NUDIBRANCHIA 0.6 0.3 0.1 

6RAND TOTAl. 2503.2 1493.2 396.2 	380.7 388.5 621.3 1043.7 664.5 

Average donsitg for the open water areas. is. Useless Inlet 
(IncludIng proposed pond). Useless Loop and Boat Haven Loop 
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TABLE 6 

MEAN ABUNDANCE OF DEEP WATER BENTHIC FAUNA 

(x/m2= mean number per square metre) 

POND Proposed 	North of USELESS USELESS BOAT HAVEN AVERAGE 
AREA ZERO Pond 	Prop. Pond INLET LOOP LOOP )ENSITY 

(Useless Inlet) 
Sample size N=B 11=12 	11=16 111r20 N=4 11=20 

Dansitu dm2 iclm2 	x/m2 x/m2 x/m2 xIm2 ,c/m2 

POLYCHAETES 
NEREIDAE 2.5 79.2 	15.6 42.9 4.2 114.5 53.9 

CAPITELLIDAE 2.5 42.5 	41.6 42.1 47.9 72.5 54.2 
ORBINIDAE 6.3 13.3 	23.1 18.9 6.3 57.0 20.1 

OPIELIIDAE 575 	26.3 39.7 10.4 22.5 24.2 
TERE8ELLIDAE 10.0 	6.9 6.2 91.7 40.0 46.6 
MAGELDIIIDAE 83.1 47.5 4.2 0.5 17.4 

GLVCERIDAE 6.3 27.5 	5.6 15.0 18.8 23.0 10.9 
PIALDANIDAE 5.0 	5.0 5.0 18.8 8.5 10.8 
NEPHTVIDAE 10.0 	0.6 4.6 35.4 3.5 14.5 

EUNICIDAE 1.7 	6.6 5.6 6.3 4.0 6.0 
PHYLL000CIDAE 7.5 	2.5 4.6 42 1.0 3.3 

SVLLIDAE 6.3 3.5 3.3 
PARAONIDAE 3.3 	1.9 2.5 0.8 

SPIONIDAE 6.3 1.5 3.3 
POLYNOIDAE 3.3 	0.6 1.6 0.5 0.8 

FLA6ELLI6ERIDAE 2.1 2.0 1.4 
AMPHINOMIDAE 6.3 2.0 

OWENIIDAE 0.6 0.3 2.1 0.0 
ONUPHIDAE  42 1 1.4 

Total polqchset,s 17.5 261.6 	221.0 230.9 283.5 354.5 292.3 

CRUSTACEANS 
GAMPIARIDEA 523.8 73.3 	30.6 48.9 72.9 160.0 93.9 

BRACHYURA 15.0 	138.1 65.3 2.0 29.1 
PIYSIDACEA 2.5 	3.1 2.6 6.3 75.0 20.7 

ISOPODA 10.0 	13.1 11.6 93.8 7.0 37.5 
TAtIMOACEA 6.3 5.0 	4.4 47 39.6 12.5 10.9 
PAOUROIDEA 20.0 17.5 	0.6 7.8 2.1 0.5 3.5 

CAPRELIIDEA 25.0 5.5 10.2 
CUMACEA 5.0 8.3 	0.6 3.9 1.5 1.0 
CARIDEA 2.5 1.4 1.0 0.0 

OSTRACODA 3.3 	0.6 1.8 0.5 0.0 
STOPIATOPODA 12.5 4.2 

PENAEIDEA 3.3 	0.6 1.8 0.6 
GALATHEQIDEA  0.8 0.3  0.5 0.3 

Total crustacean, 555.1 139.0 	194.2 170.5 254.2 266.0 230.2 

MOLLUSCS 
Bivalves 

VENERIDAE 7.5 30.0 	11.3 19.3 41.7 8.0 23.0 
IIYTIUDAE 23.1 13.2 6.3 24.5 14.7 
CAROIIDAE 14.2 	3.1 7.9 9.0 5.6 

LATERNULIDAE 15.0 8.6 2.1 5.0 5.2 
Univelves 

TELLINIDAE 3.3 	15.0 10.0 1.0 3.7 
PIACTRIDAE 3.6 6.7 2.9 2.0 1.6 

TURRIDAE 2.5 1.4 0.5 
TROCHIDAE 2.0 0.7 

SCAPHOPODA 8.3 2.8 
HIPPONICIDAE 0.6 0.3 0.1 

COLUM8ELLIDAE  0.6 0.3  0.1 
Total molluscs 11.3 54.2 	71.2 63.9 58.4 51.5 57.9 

ECHINODERPIS 
OPHIUROIDEA ______ _________________ ________ 2.1 _____ 0.7 

Total EcMnodurms 2.1 0.7 

OTHER 
SIPUNCULA 3.3 1.4 10.4 0.5 4.1 
NEMATODA  0.8 0.4  2.5 1.0 

Total Other 4.2 1.8 10.4 3.0 5.1 

EPIFAUIIA 
ASCIDIACEA 0.8 0.4 6.3 0.5 3.1 

HOLOTHUROIDEA 0.5 0.2 
ACTINARIA 0.5 0.2 

BRAID TOTAL 1 583.9 459.0 	457.2 475.5 616.9 	1 676.5 509.6 

Average density for the Open water areas. is. Us.1.00 Inlet 
(Including proposed pond). Useless Loop and Boat Haven Loop 
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TAOLE 7 

MEAN AOIJIDMSCE OF OEWTHIC FAUNA 8ENEATH SEAGRASS 

(xIm2= m.sn number per square metre) 

AREA POND P0 USELESS INLET flOAT HAVEN LOOP 
Proposed pefid 	Mactb of proposed pied 

-sss ljp. NsFse'wls P.sl4os/e .wxs P 	PssI*els 4.b1Ie11s PesIIosIa A1111s AVERAGE 

.1,*v1s .#slr.lIs ,a'slrg!lS' aeilrsfls allwcllcs s#slrl/s aelsrclIcs DENSITT 

Cs iS 	1.2 	ii 	14 24 	19 
Sample slu 1=2 1=2 	1=2 	1=2 	1=2 1=6 	1=4 

Dassity x/m2 xm2 	xF02 	xFm2 	x/m2 dm2 	dm2 xIm2 

POLYCHAETES 
OPHELLIIDAE 479.2 	83 42 956 41.7 35.4 

MAI.DARIDAE 83 83 	4.2 206 4.2 61.1 235.4 00.4 

IEREIDAE 91.7 1042 25.0 12.5 30.6 39.6 26.9 

EIIIICIOAE 120.8 	16.7 50.0 36.1 22.9 27.3 

ONUPHIOAE 4.2 96.8 625 16.7 45.8 55.2 

SVU.IDAE 16.7 	42 56.9 6.2 15.8 

OWEIIEIIDAE 75.0 42 4.2 2.1 

GLYCERIOAE 12.5 	4.2 12.5 42 5.6 16.7 9.8 

CAPITELLIOAE 16.7 	4.2 11.1 6.2 4.3 

T(RE8EWDAE 83 	8.3 42 4.2 42 12.5 6.3 

OR8INIDAE 4.2 12.5 56 125 7.7 

PHVII.000CIDAE 42 12.5 4.2 10.4 6.8 

NEPHTYIDAE 42 4.2 83 6.2 4.7 

PILARIIOM 20.8 0.0 

DORVILEIOM 4.2 2.1 1.6 

SPIO*IIDAE 42 4.2 2.1 

IIAGELONIDAE 42 2.1 0.5 

POt VNOIDAE 2.1 0.5 

PECTINARIIOAE _______ ________ ________ 2.1 0.5 

Total Polcftaetss 100.0 879.3 	54.3 250.1 95.9 336.3 468.7 287.8 

CRUSTACEANS 
GAIIIARIDEA 2625 6375 	1792 191.7 45.8 380.6 4646 270.7 

ISOPOOA 16.7 	12.5 37.5 25.0 33.3 100.0 49.0 

TANAIDACEA 83 29.2 	42 41.7 43.1 41.7 31.6 

CARICEA 125 16.7 20.8 347 10.4 20.7 

IIYSIDACEA 4.2 4.2 51.4 4.2 14.9 

GALATHEOIDEA 4.2 12.5 42 16.7 41.7 18.8 

PA61OIO(A 42 	206 12.5 50.0 5.6 17.0 

PENAE IDEA 42 26 10.4 4.3 

CAPREWDEA 2.8 125 3.0 

iiPi.osTR.AcA 2.1 05 

OSTRACOOA 2.1 0.5 

CUIIACEA _______ ________ 1.4  0.3 

Total Crustaceass 275.0 704.3 	216.7 316.0 150.0 572.2 689.6 432.2 

MOLLUSCS 
Olvalves 

VEHERIOM 3206 25.0 	625 -16.7 6.9 8.3 8.0 

MY11LIDAE 29.2 	45.6 18.1 75.0 23.3 

OSTREIDAE 29.2 125 2.1 3.7 

CREPIDIJ_IDAE 42 125 3.1 

LATEmpJL,DAE 63 1.4 0.4 

Unl,alm 
TROCUIDAE 42 4.2 2.1 

NASSARIIDAE 2.8 4.2 1.8 

POt YPLAC0P*RA 42 1.4 1.4 

PI4ASIAI(LLIDAE 26 0.7 

STROMOIDAI 42  ________ 0.0 

Total Molluscs 320.8 91.7 	116.7 50.1 37.6 89.6 44.3 

(CHINODERPIS 
OPHIUROIDEA  ________ 42 1.1 

Total EcMeadsrms 4.2 1.1 

OTHER 
SIPLJC&LA 41.7 	292 206 6.2 6.8 

IEIIATODA ________ 1.4  0.3 

Total Other 41.7 	29.2 
 _______ 

22.2 6.2 7.1 

EPIFAUNA 
BRACHYURA 625 	206 45.8 33.3 6.3 20.8 27.1 

ASCIDIACEA 8.3 125 42 4.2 

HULOTI4JROIOEA 6.3 	4.2 42 4.2 2.1 

ASTEROIDEA 4,2 1.0 

IOJDIORAICHIA 2.1 0.5 

1807.3 GRAND TOTAL 695.8 1787.8 	450.1 679.5 279.2 976.7 1293.0  

Moan dsnsltp b.neath eesgrass steeds In the north of Useless Inlet and In Boat Haven Loop 

sea text for detaIls an distribution In (del Land Inlets 
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TABLE 0 

BIOtIASS OF MAIN COMPONENTS OF BENTHIC INFAUNA 

(gIm2= grams per square metre) 

SHALLOW WATER AREAS 

POND POND Proposed 	North of OVERALL USELESS BOAT Areas 

AREA P1 P0 pond 	P.  pond USELESS LOOP HAVEN outside 

(USELESS INLET) INLET LOOP ponde 

Sample Sizs 11=12 11=16 11=16 	11=16 N=32 111=12 11=20 

11.eit blomese Im2 g/m2 g/m2 	g/m2 g/m2 g/m2 g/m2 g/m2 

POLYCHAETES 
CAPITELLIDAE 2.39 1.39 1.36 0.72 1.04 1.24 3.56 1.95 

NEREIDAE 0.27 2.79 0.23 0.12 0.17 0.04 1.60 0.61 

ORBINIDAE 0.34 0.59 0.66 0.66 066 0.33 0.57 0.52 

OWENIIDAE 0.71 1.24 0.98 0.62 0.18 0.59 

MALDANIDAE 0.42 0.05 0.24 0.33 1.01 0.53 

TEREBELLIDAE 0.10 0.02 0.06 0.08 0.67 0.34 

Total Polgcheetes 3.00 4.76 3.47 2.81 3.14 2.66 7.80 4.53 

CRUSTACEANS 
GAIIMARIDEA 9.40 3.20 0.07 0.04 0.06 0.11 0.17 0.11 

TANAIDACEA 0.00 0.14 0.02 0.01 0.01 0.29 0.10 0.13 

Total Crustaceans 9.40 3.34 0.09 0.05 0.07 0.40 0.26 0.24 

MOLLUSCS 
VENERIDAE 14.90 161.09 15.12 44.71 29.92 23.67 30.90 28.16 

MYTILIDAE 0.13  0.39 0.58 1 	0.48 0.26 11.17 3.97 

Total Molluscs 15.03 161.09 15.51 

1 

45.29 30.40 23.93 42.07 32.13 

BIOMASS 27.44 169.19 19.07 48.15 33.61 26.98 50.13 36.91 

DEEP WATER AREAS 

POND POND Proposed 	North of OVERALL USELESS BOAT Areas 

AREA P1 P0 pond 	P pond USELESS LOOP HAVEN outside 

(USELESS INLET) INLET LOOP ponds 

Sample Size N0 11=12 	N16 N=4 N=20 

Mean biomass g/m2 g/m2 g/m2 	g/m2 g/m2 g/m2 g/m2 p/m2 

POLYCHAETES 
CAPITELLIDAE 0.04 0.74 0.73 0.74 0.64 1.27 0.95 

NEREIDAE 0.03 1.03 0.20 0.62 0.05 1.49 0.50 

OPHELIIDAE 1.04 0.47 0.75 0.19 0.41 0.35 

GLYCERIDAE 0.09 0.41 0.08 0.25 0.26 0.35 0.24 

ORBINIDAE 0.05 0.11 0.19 0.15 0.07 0.46 0.24 

TEREBELLIDAE 0.04 0.03 0.03 0.37 0.16 0.10 

MA6ELONIDAF 0.25 0.12 0.01  0.09 

Total Polgchoetu - 0.21 3.36 1.95 2.66 1.81 4.14 2.63 

CRUSTACEANS 
BRACHYURA 0.74 6.77 3.75 0.10 2.29 

GAPItIARIDEA 2.10 0.29 0.12 0.21 0.29 0.64 0.35 

ISOPODA 0.06 0.06 0.07 1.81 0.04 0.64 

MYSIDACEA 0.02 0.02 0.02 0.06 0.53 0.20 

TANAIDACEA 0.01 0.01 0.00 0.00 0.04 0.01 0.02 

Total Crustaceans - 2.11 1.12 6.99 4.05 2.20 1.32 3.51 

MOLLUSCS 
VENERIOAE 7.69 31.56 11.84 21.70 43.83 8.42 21.36 

MYTILIDAE 3.56 1.76 0.96 3.77 2.77 

Total Molluscs - 7.89 
 _______ 

31.56 15.40 23.48 44.79 12.19 24.13 

BIOMASS - 10.21 36.04 24.34 30.19 I 	48.60 17.65 30.26 

Mean blomass for open water areas. is. Useless Inlet (overall). Useless Loop and Boat Haven Loop 

SEAGRASS AREAS 

AREA POND Proposed pond 	North of proposed BOAT HAVEN LOOP 

PD (USELESS INLET) 	pond Areas 

Seagrass tgpe Haiomi/a Posidania 	P 	Pksldbold 	9mpi?/b/1S PosidMia 4,fltdtib4'//S outside 

urirnarvis austra/is 	austra/is 	austra/is 	antarctica sustra/is 	antarctica ponds 

Sample size N=2 11=2 	N2 	11=2 	N=2 N=6 	Nr4 

g/m2 p/m2 	o1m2 	g/m2 	pIm2 g/m2 	p/m2 g/m2 

POLVCHAETES 
OPHELUIDAE 8.62 0.15 0.07 1.72 0.75 0.64 

EUNICIDAE 5.32 0.73 2.20 1.59 1.01 1.20 

ONUPHIOAE 0.15 3.55 2.31 0.62 1,70 2.04 

MALDANIDAE 0,17 0.17 0.09 0.44 0.09 1.28 4.94 1.69 

NEREIDAE 1.19 1.35 0.32 0.16 0.40 0.51 0.35 

SVLLIDAE 0.02 __ 0.06 0.01 0.02 

Total Polgchastes 1.37 15.64 0.97 6.58 2.56 5.67 0.92 5.93 

CRUSTACEANS 
8RACHYURA 107.37 35.79 76.74 57.27 14.32 35.79 46.53 

GAMMARIDEA 1.05 2.55 0.72 0.77 0.18 1.52 1.86 1.00 

CARIOEA 0.20 0.27 0.33 0.56 0.17 0.33 

ISOPODA 0.10 0.07 0.22 0.15 0.20 0.60 0.29 

GALATHEOIDEA 0.05 , 0,15 0.05 0.20 0.50 0.22 

PIYSIOACEA 0.03 0.03 0.36 0.03 0.10 

TANAIDACEA 0,01 0.03  0,04  0.04 0.04 0.03 

Total Crustaceans 1.09 110.30 36.59 80.22 57.90 17.20 30.99 48.60 

MOLLUSCS 
VENERIDAE 337.52 26.30 65.75 17.53 7.31 8.77 8.40 

MYTILIDAE 4.49 7.06  2.78 11.55 3.58 

Total Molluscs 337.52 30.19 72.81 17.53 10.09 20.32 11.98 

Total Biomass 339.97 156.74 110.37 104.34 60.55 32.95 60.22 66.51 j 

'Mean blomass beneath seagress stands in the north of Useless Inlet and In Boot Haven Loop 
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FIGURE 5 

MEAN DENSITIES OF PRINCIPAL COMPONENTS OF BENTHIC 1NFAUNA 
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PLATE 1 - USELESS INLET 

Starfish on the bare sandy bottom of the main entrance channel 
to Useless Inlet. 

Accumulation of dead seagrass blades (from Pasidonie 
eustre/i along parts of the western edge of the main basin of 
Useless Inlet. 

Mixed stand of seagrasses (4mph/be/is ei!erctice and Pesidonie 
eustre/is) fringing the southernmost inner spill-over lobe in 
Useless Inlet- 

P eustre/is seagrass meadow fringing the leading edge of the 
sublittoral platform along the northeast side of Useless Inlet. 
This meadow supports a clam and oyster (Pirn,e/P/nctedm 
community. 
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PLATE 2 - PROPOSED POND 

The green udotid alga, Peøici/Ius noilu/asus, on the bore sandy 
floor of the main bain within the proposed pond area- 

Relatively sparse stands of Pasidanie austrolis seagrass with 
various drift algae beside the leading edge of the sublittoral 
platform in the proposed pond area. 

Scattered Position/a australis seagrass on the shallower and 
more inshore area of the sublittoral platform (photograph taken 
at low tide). 

Encrusting sponge covering a layer of mytilid shells on the 
nearshore subtidal region of the sublittoral platform. 

Dendrophyllid coral (Tur/i/nar/a Iiffron on the top of a 
submerged dunal crest in the proposed pond (depth 3.5 metres at 
low tide) 

Encrusting sponge on I b/Irons from some location as M. 
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PLATE 3 - BOAT HAVEN LOOP 

Posit/an/a austrelis seagrass fringing the lower side of the 
entrance channel to Boat Haven Loop. 

Two views of Ha/at/tile un/nary/s and Helopifle ave/is 

seagrasses colonising the edges of the floor of the entrance 
channel to Boat Haven Loop. 

Predominantly bare rocky shoreline of Middle Island in central 
basin area of Boat Haven Loop, covered by the green alga 
Enteroinorplin (magnified in insert). 

Anip*iDaIis seagrass meadow (left) fringing the edge of the 
central basin of Boat Haven Loop, near shoreline of Kangaroo 
Island (right). Dark brown encrusting sponge is visible on the 
narrow sublittoral platform surrounding the island. 

Neloo'ule irnineryis seagrass and Pen/c/I/us not/ulosus alga 
colonising the basin floor near a fringing meadow of Anip/i//io//s 
and Posit/on/s ausi'ral/s (background). 

Ha/at/tile uninerris seagrass forming an understoreg within a 
Posit/on/a austrelis meadow in the central basin area of Boat 
Haven Loop. The latter extends over parts of the central basin 
floor from the lower edges of the sublittoral platform. 	A 
juvenile whiting can be seen in the foreground. 
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Plate 4 - Boat Haven Loop (a, b) and Useless Loop (c - 1) 

Ilaloplilo CYD/is and Helcoule unineryis seegrasses in the 
central basin area of Boat Haven Loop. 

Nelci/ule uninerr/s seagro ss and Pen/c/I/us no&i/asus at go 
colonising the floor of the inner tidal channel of Boat Haven 
Loop (between the central basin and Browns Inlet). 

Soft coral on the floor of Fregcinet Reach alongside the Useless 
Loop levee.. 

Nolopli/le spinu/asesea gross from s a m e location as (c). 

Son/estree gIL (cf.pe/ouensim coral in 2m deep water 
immediately offshore from the Useless Loop levee. 

(1) TurI/nerie/.,ifronscoral at some location as W. 
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SUMMARY 

On the basis of what is known of the existing morphology and hydrodynamic 

regime in Useless Inlet, predictions are made on the effects of a 24% (6 km) 

reduction in the length of Useless Inlet as a result of a new levee at its southern 

end. Estimations are based on empirical calculations of measurements taken 

from hydrographic charts, topographical maps, aerial photographs and field 

observations. 

Examination of morphological and hydrodynamic characteristics of Useless Inlet 

shows that its flushing is tidal-dominated. The present pattern of circulation is 

heavily influenced by buoyancy driven-flow and, to a lesser extent by wind-stress 

and rotational (Coriolis) forcing. Levee construction will not reduce the physical 

size of the Inlet nor change the ratios of the existing circulatory forces sufficiently 

to alter the current residence times and pattern of circulation 

For example, the present minimum residence time of water bodies in Useless 

Inlet, which is estimated to be 2.8 tidal cycles (ie. some 2.5 days), is expected to 

remain virtually the same. Alterations to existing salinity and water temperature 

(ie. density) gradients are expected to be negligible. 

The salinity regime within Useless Inlet is metahaline, with a typical range from 

400/oo at the Inlet entrance to 46-470i at Clough's Bar. This southerly increase in 

salinity is a function of increased eveporation rates over the shallow sill areas, 

and a reduced rate of tidal mixing and flushing of the southern inlet waters. The 

above salinity gradient results in a density difference of approximately 5.3 kg/m3 

along the length of Useless Inlet, a difference which is estimated to produce an 

average buoyancy-driven flow of 0.35 m/s. This flow can circulate water from 

one end of Useless Inlet to the other in approximately 1 day. Isosalinity of the 

water column (ie. equal salinity surface-to-bottom) is probably promoted by wind 

mixing; isohaline water columns set against pronounced horizontal salinity 

gradients are typical hydrologic reatures within Shark Bay. 

After levee completion, winds blowing from the southerly quadrants will still 

continue to generate short period waves up to 0.6 m in height. According to the 

precise direction of the southerly wind, wave trains are formed that either move 

diagonally across the Inlet, or attain an equilibrium wave field as a result of the 

length and bathymetric configuration of the Inlet. Inlet length and friction 

11 
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following bar construction will still promote the generation of equilibrium wave 

fields. 

Wind stress that produces marked water 'set-ups' and wind-enhanced ebb tidal 

flow, is strongest in Shark Bay in summer when southerly winds are dominant, 

and can depress water levels in the southern parts of inlets including Useless 

Inlet by as much as 1 m. Assuming zero flow out of the entrance channel to 

Useless Inlet, the estimated maximum wind set-up within Useless Inlet is 0.4 m. 

Reduction in Inlet length by 6 km (24%) can cause a reduction of wind set-up of at 

most 5 cm. 

The proportional reduction in total volume and tidal prism is estimated to lead 

to a potential 13-18% decrease in the peak tidal flow velocity through the 

entrance channel. It is therefore possible that the sandy entrance to Useless Inlet 

may undergo a slow period of sedimentation until previous velocities are 

approached and a new dynamic equilibrium suited to the reduced discharge rates 

is established. Since this process requires the transport of sediments from areas 

where current velocities are much lower, such a process (if it occurs) will take at 

least several decades. In the worst-case and highly unlikely event, this process 

would involve a gradual shallowing of the main entrance channel from 

approximately 10 m to at most 8.5 m deep. Moreover, the configuration of the 

deltaic entrance area and tidal channels of Useless Inlet appear to be very stable, 

since no changes have become evident following the completion of similar bars 

(ie. Reid's, Carratti's and dough's Bars in southern Useless Inlet) between 1966 

and 1974. 

Predictions are also made concerning the impact of the new bar on the southern 

end of the Inlet. For example, the small overall reduction in average flow 

velocities and wind-wave generation in the stretch running some 1 km to the 

north of the proposed levee is likely to cause a measurable increase in 

sedimentation rate, particularly over that part of the sublittoral sill and basin area 

which lies directly under the lee of the new bar. 
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1 INTRODUCTION 

Useless Inlet is one of several inlets within Shark Bay which are elongate with a 

north-south alignment. The southern end of Useless Inlet has been artificially 

ponded as part of the solar salt extraction programme now operated by Shark Bay 

Salt Joint Venture (SBS). The most recent evaporation pond (pond P0) was 

created following the completion of Clough's Bar in 1974. SBS now propose to 

create another pond in Useless Inlet immediately to the north of Clough's Bar, 

behind which lies the existing pond system. 

The objectives of this technical report, which is based on information derived 

from hydrographic charts, topographic maps, aerial photography and literature 

review as well as opportunistic field observations, are to: 

describe the existing hydrodynamic regime within Useless Inlet, and 

predict the likely changes to this regime and their consequences following the 

construction of a new levee. 

Present 1:300,000 hydrographic charts provide insufficient detail, and portray 

generalised depth contours only (cf. Figs 1 and 2). Bathymetric information has 

been therefore been supplemented with data from Read (1974), observations 

recorded during LSC survey work, and aerial photographic interpretation. 

1.1 	Acknowledgments 

The following are thanked for their assistance and technical advice in the 

preparation of this report: 

Dr David Luketina 	Centre for Water Research, Civil Engineering 
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2 	MORPHOLOGY OF USELESS INLET 

Useless Inlet is a narrow elongate embayment that is confined by long peninsulas 
on both its eastern and western margins. The intertidal zones of the Inlet consist 
of sandy beaches and shallow sills which merge with a shallow and wide 
sublittoral platform (Fig. 1). Below water depths of 1-2 metres, the slope of the 
gently inclined platform suddenly increases in a rapid descent to the basin floor 
(typically on a 5200  angle) or tidal channel (typically on a 20300  angle). The main 
basin, whose average depth is approximately 7-8 m, contains a series of 
submerged longitudinal dunal ridges with a relief up to 3 m (Fig. 1; Read, 1974). 
Both the basin and tidal channels carry a sandy bedload which has an overall 
northward movement in response to tidal and wind-induced currents (Read, 
1974). 

The entrance to Useless Inlet is 5 km wide but is constricted by the presence of a 
sandy flood tide delta and spillover lobes (Fig. 1). The outer (north) side of the 
Inlet entrance comprises sandy lobes and ebb tidal features associated with the 
barrier sill. The largest deltaic feature of the entrance extends from the eastern 
peninsula, forcing the main tidal flow to pass through an entrance channel that 
is 1.5 km wide and offset to the west side of the entrance (Fig. 1). 

The main tidal channel divides into a forked channel system on the inner 
(south) side of the entrance. As with other areas inside Shark Bay, much of the 
entrance area (including both the inner and outer spillover lobes) is covered by 
seagrass meadows (Amphibolis and Posidonia) that help stabilise the various 
lobes and tidal channel banks (see e.g. Logan & Cebuiski, 1970; Read, 1974). 

3 	HYDRODYNAMICS OF USELESS INLET 

3.1 	Background 

In an embayment with shallow banks, lateral circulation due to buoyancy- driven 
flows can be vigourous (Imberger & Patterson, 1990). Wind and rotational effects 
will also enhance lateral circulation. However Useless Inlet is much longer than 
it is wide, and thus it is the longitudinal (ie. north-south) movement of water 
which will mainly determine residence times within this Inlet. The following 
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sections therefore assume that the Inlet is well-mixed laterally, and that residence 
times are dependent mainly on longitudinal transport mechanisms. 

3.2 	Tidal flow 

The tidal regime of Shark Bay is mixed, but is predominantly semi-diurnal. 
Maximum spring tidal range at Denham is some 1.3 m, which is probably slightly 
higher than the spring tidal range at the entrance to Useless Inlet (see Table 1). At 
the existing southern extremity of Useless Inlet (ie. at dough's Bar), SBS report 
that the maximum spring tidal range is about 1.0 m. 

Tidal current velocities tend to be highest over the sills, particularly where the 
tidal channel is restricted in the deltaic entrance area of the Inlet. Wind-

enhanced ebb currents often reach higher peak velocities than the flood currents, 
causing a net northward transport of sediment (Read, 1974). Read estimated that 
ebb tidal velocities during spring tides reach 0.6 m/s but did not give any details 
as to how this was calculated. Flow over shallow banks at this time may be even 
faster. However, Read (1974) tabled a 'maximum' current speed of 0.27 m/s for 
both an ebb and flood tidal cycle in the entrance channel of Useless Inlet. 

3.2.1 Residence time 

The residence time of a given body of water entering an inlet over the duration 

of the flood tide is defined as the period between its initial entry and final exit 

through the entrance. The tidal period in Shark Bay changes in response to the 
varying influences of the semi-diurnal and diurnal tidal constituents. Thus the 
residence time continually changes according to the daily alterations to the tidal 

range and period (flushing time). It will also vary according to the density of the 
water and to fluctuations of the circulation forces within Useless Inlet. 

Other factors will affect the residence time of particular fractions of a given water 
body. For example, much of the water entering Useless Inlet at the beginning of 

the flood tide would tend to remain within the Inlet significantly longer than 
that passing through the entrance near the end of the flood tide, as most of the 

latter will be the first to leave the Inlet on the following ebb. Such factors help 

account for the distinct spatial salinity gradient within Shark Bay inlets. 
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Where catchment runoff is negligible (as is the case for Useless Inlet), then the 
shortest residence time can be estimated using the following relationship: 

Inlet Volume at MHHW 
Residence time = _____________________ x Spring tidal period 

(hours) 	Spring tidal prism 

If the spring tide period of 12.4 hours is used with the present tidal prism and 
inlet volume values as shown in Table 1, then the residence time on such a 
spring tide would be approximately 61 hours, ie. some 2.5 days. Although the 
above method simplistically assumes a complete mixing of the water body, it 
does provide an estimate of the minimum period of time a mixed water parcel 
would remain in the Inlet. 

3.2.2 	Friction effects 

The effect of friction is to reduce the amount of water that can flow in and out of 
Useless Inlet, and is demonstrated by the water level fluctuations at Clough's Bar 
being 20-30% less than those elsewhere in Shark Bay. 

With the data shown in Table 1 and Figures 1 and 2, the maximum (spring) tidal 
velocity in the Useless Inlet channel can be estimated by using Manning's 
formula for a wide (and relatively shallow) open channel. This velocity is given 
by the following equation: 

u = d2'3/n (hL /L)1/2  where 

d = the hydraulic radius (cross-sectional area/wetted perimeter), which in the 
case of the Useless Inlet entrance channel is virtually the same as its depth 
(10 m); 

L = the length of the entrance channel (8000 m); 

hL = the drop in height of water along the channel (0.1 m) 

n = Manning's coefficient, which depends on the roughness of the channel. 

Substituting n = 0.03 (Daugherty and Franzini, 1977), the above values give the 
maximum spring tidal velocity (u) as approximately 0.6 m/s. 
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Read (1974) tabulated u 0.3 m/s, although details concerning this measurement 
were not provided. However this author also estimated a maximum velocity of 
0.6 m/s for all Edel Land entrances (p.11; Read, 1974). 

3.3 	Salinity 

The salinity regime within Useless Inlet is metahaline, with a typical range from 
400 /oo  at the Inlet entrance to 46-470i at dough's Bar. The southerly increase in 
salinity is a function of increased evaporation rates over the shallow sill areas, 
and a reduced rate of tidal mixing and flushing of the southern Inlet waters 
(compared to that occuring between the Inlet entrance waters and the less saline 
waters of Denham Sound). 

There are no data to indicate the extent to which the water column along the 
length of Useless Inlet is isosaline (ie. equal salinity surface-to-bottom). An 
isosaline water column set against a pronounced horizontal salinity gradient is a 
common hydrologic feature within Shark Bay, with stratification (eg. protruding 
tongues of high-salinity water) apparently limited to localised channel areas 
and/or specific times (Logan & Cebulski, 1970). 

The above salinity range results in a density difference of approximately 5.3 
kg/m3 along the length of Useless Inlet. This density difference can drive 
gravitational flows; the denser (saltier) water will flow northward below the 
more buoyant (less salty) water that will move southward. It can also be expected 
that an isohaline structure will be maintained by wind-mixing, as has been 
commonly observed in other comparable areas of Shark Bay. 

Assuming an inertia-buoyancy balance, the flow velocity is given by 

u = k (g'h)1/'2 (D'Adamo, 1983), where 

k = a coefficient generally between 1/2  and 1, and which represents the effect 
of friction (k = 1 in the frictionless case); 

h = the thickness of the flow in each direction (4 m); 

g = gravity (9.81 mIs2); 

p = average density (1030 kg/m3); 
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p'= the density difference (5.3 kg/rn3); and 

MWI 

Taking k = 0.75 (average depth 8 rn), and using the above values gives a 

buoyancy-driven flow velocity of 0.35 m/s. Therefore the salinity gradient in 
Useless Inlet will create an approximately 0.35 m/s current northward along the 
bottom, and a surface current of similar speed southward. To circulate water 
from one end of Useless Inlet to the other will take this buoyancy-driven flow 
some 21 hours. 

	

3.4 	Rotational effects 

Given that the width of Useless Inlet is sufficient to permit boundary-forcing 
effects, the influence of the earth's rotation (Coriolis effect) on circulation can be 

determined by ascertaining whether the length of Useless Inlet is greater than the 
Rossby radius at latitude 260S. This radius ) is: 

1 = 42u/21 sin 0 (Gill, 1982), where 

= the earth's angular rotation (7.25 x 10 s-I), 
u = the average ebb and flow tidal velocities, and 
0 = the latitude. 

For u ~ 0.3 m/s, the Rossby radius () is 7 km. Because the length of the Inlet is 

much larger than this value, rotation will influence the circulation. For the 

Southern Hemisphere the rotation tends to be in an anticlockwise direction. 

	

3.5 	Wind stress 

Prevailing winds within the Shark Bay region are from the southerly quadrants, 

and typically comprise strong SW seabreezes reinforced by SE-SSE trade winds 
(eg. Logan & Cebulski, 1970). These winds are strongest in summer, with average 
velocities of 20-30 km/h that can extend over durations of 3-5 days. During the 
winter months, the average velocities of the southerly winds are 10-15 km/h, and 

episodes of calm conditions are common. 
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3.5.1 Velocity of wind-driven currents 

The largest surface stresses are generated episodically by cyclonic northerly winds 
during the passage of cyclones. However, the sustained and strong southerly 
winds in the summer months exert a significant wind stress on the surface 
waters of Useless Inlet, with 30-50 km/h winds causing the generation of waves 
up to 0.6 m in height (Read, 1974). 

Wind stress generally causes the surface water to move at 2 to 3% of the wind 
speed (Csanady, 1983; EPA, 1990). This is a combination of direct stress and drift 
due to waves. In summer when winds are strongest, water close to the surface 
can be expected to move by 0.2 m/s (Table 2). Water movement over the some 
parts of the shallow sill areas is probably even faster, depending on location and 
wind direction. However, wind-induced velocities decay rapidly with depth to 
only a few centimetres per second below 1 m (Csanady, 1983). Any counter-
current in deep water areas will also be far slower. 

Wind stress will tend to cause water to 'pile up' at the downwind end of the 
fetch. Assuming no flows in or out of the entrance and a southerly wind blowing 
directly along the length of Useless Inlet, the amount by which this stress raises 
water level at the downwind (north) end and lowers it at the upwind (south) end 
(producing a balance between surface stress due to wind and the pressure gradient 
operating in the reverse direction) is given by: 

h = u*(L/2g)1'2 where 

L = length of Useless Inlet, 
g = gravity (9.81 m/s 2), and 

= U/680 (where U = windspeed). 

Substituting the average summer wind speed indicates a water set-up (h) of 
0.4 m, provided that the wind is blowing directly along the Inlet and no flow is 
occuring through the entrance channel. 

It is worth noting that under conditions of strong summer southerly winds, 'pile-
up' and wind-enhanced ebb-tidal flows operates throughout much of Shark Bay 
to produce significant regional declines by as much as I m (eg. Read, 1974; 
Walker, 1989). Thus while the predicted maximum water set-up within Useless 
Inlet is 0.4 m during summer, flow out of the entrance channel leads to further 
water level declines at dough's Bar whose magnitude is similar to other regional 
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depressions in water level (ie. by as much as 1 m below MLW; LSC field 
observations; Read, 1974). 

3.5.2 Effect of wind on circulation 

Since the winds acting on Useless Inlet are most common from the southwest 
quadrants, the waves tend to travel diagonally across the Inlet in a northeasterly 
direction. These wave trains shoal onto the shallow banks of the eastern 
shoreline, thereby generating longshore currents that probably parallel the 
eastern coastline in a north-northwest to northwest (NNW-NW) direction. The 

dominance of southwest-to-northeast wave trains is evidenced by the more 
eroded and cuspate eastern shoreline of the Inlet (Fig. 1). 

The likely NNW/NW pattern of littoral drift along the eastern shoreline of 
Useless Inlet is similar to that observed by Logan & Cebuiski (1970) for other areas 
in Shark Bay. These authors noted that the interaction between tide and the 
NNW/NW wind drift along west-facing (eastern) shorelines tends to retard 
flood-tidal flows and reinforce ebb-tidal flow. Conversely, the lower water levels 
along east-facing (western) shorelines tend to lead to dominance of flood-tidal 
flow. Such asymmetry promotes anti-clockwise patterns of water movement 
within Shark Bay (Logan & Cebuiski, 1970), and in Useless Inlet can be assumed 
to reinforce any movement produced by Coriolis forcing (Section 3.3). 

4 	INLET CLASSIFICATION 

Given the various velocity scales derived in Section 3, it is evident that while the 
tide plays the major role in transporting water in and out of Useless Inlet, the 
longtitudinal salinity gradient must also play a significant part in circulation and 

residence times within the Inlet. Rotation and wind-stress will influence the 

pattern of circulation, but to what extent is not clear. The effect of the wind in the 
overall circulation is most likely smaller than tidal and salinity effects except in 

storm events. It is likely, however, that wind mixing will promote an isohaline 
structure as in other parts of Shark Bay. 

Existing data do not permit a reasonable quantification of the degree to which 
tidally driven flow is influenced by the other processes, and how this affects the 
residence time of water. However, the data are sufficient to classify Useless Inlet 

as a tidal-dominated inlet whose circulation pattern is heavily influenced by 
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buoyancy-driven flow and (to a lesser extent) by wind stress and rotational 
(Coriolis) forcing. 

5 	CHANGES RESULTING FROM PROPOSED LEVEE 

Although it is difficult to quantify the interactions between tidal flow and other 
flow processes affecting residence time, alterations brought about by the 
construction of a new levee can be estimated with reasonable confidence. 
Changes to the morphological and hydrodynamic features of Useless Inlet 
following bar completion are shown in Tables 1 and 2. 

Shortening the Inlet by 24% (6 kms) will alter overall forcing on its water, but if 
the ratio of the forces (or velocities) and residence times remain similar, the 
behaviour and classification of the Inlet will remain unchanged. Velocity scales 
have therefore been estimated for an Inlet length reduction of 24% (Table 2). 

5.1 	Tidal flow 

Discharge of tidal flow into and out of the Inlet is a function of water volume, 
tidal period and bottom friction. Reducing the Inlet results in the volume 
capacity being reduced by some 18% (Table 1). The volume of water that escapes 
and enters on each tidal cycle is proportional to the area of the Inlet. As the area 
will be reduced by 18%, and assuming the entrance geometry remains the same, 
the peak ebb and flood tide velocities can be expected to be reduced by similar 

amounts. 

Ignoring changes to friction, the residence time due to tidal flushing will remain 
unchanged since the volume of the Inlet will also have been reduced by a similar 

proportion (Table 1). The assumption that friction remains constant is valid 

unless the roughness of the bed at the mouth of the Inlet is rapidly altered. 

Therefore it can be predicted that the residence time will remain constant for all 

practical purposes. 

5.2 	Salinity 

A similar spatial salinity and temperature gradient will occur, although 
shortening the Inlet by 24% will mean that the upper limit of the salinity range at 
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the new levee will be lower than that presently occurring at dough's Bar. On the 
other hand, it is likely that the reduced upper salinity range will subsequently 
move to a slightly higher value than that presently occurring at the position of 
the proposed bar. The shift (possibly up to 1 ppt) would be brought about by 
increased evaporation as a result of (i) a new area of shallow water alongside the 
proposed levee, and (ii) a reduction in water movement and mixing forces in its 
lee. Such a rise beside the new levee is insufficient to produce major alteration to 
the overall density gradient along Useless Inlet. 

Assuming that the salinity gradient remains unchanged, p' will also be reduced 
by 24%. This results in a reduction in buoyancy-driven currents by approximately 
13% (ie. from 0.35 to 0.30 m/s) However, circulation due to the salinity gradient 
will take slightly less time to drive water from one end of the Inlet to the other 
than previously, since the length and volume of the Inlet have been decreased by 
24 and 18% respectively (Table 1). 

	

5.3 	Wind stress 

Near the new bar there would be minor reduction in wave height and period, 
with wind-induced current velocities being slightly reduced. Overall, any 
changes in wind-induced velocities would be negligible, as most southerly winds 
blow diagonally across the inlet. Thus there will not be a general reduction in 
fetch length, with the majority of cases of wind-wave generation remaining the 
same (only winds from due south will have a fetch length reduced by 24%). 
Moreover, both the existing and future length of the Inlet are sufficiently long for 
an equilibrium wave field to be set up. The predicted 'piling up' of water caused 
by stress from due southerlies will be reduced by up to 13% or some 0.05 m. 

	

5.4 	Rotational effects 

If the dominant ebb and flood velocity scales are reduced by 18%, then the Rossby 
radius () will be reduced by the same proportion to 6 km. Table 2 shows the 
'before' and 'after' ratios of L/? (L = Inlet length). Because ?. is reducing a similar 
amount to the Inlet length, the effect of rotation after bar completion can be 
expected to remain unaltered. 
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6.1 	Circulation 

The circulation pattern in Useless Inlet will remain very similar because the 
ratios of the various velocity scales (tide, salinity, wind and rotation) to each 
other will be relatively unchanged (Table 2). From Table 2, it is evident that time 
scales, and hence residence times, are slightly reduced, although none of the 
predicted differences are large enough to be conclusive. It can therefore be 
expected with confidence that after bar construction, the circulation pattern 
within Useless Inlet will remain very similar and that residence times will not be 
significantly altered. 

Lateral circulation patterns will remain unchanged as there are no alterations to 

the width of the Inlet or to the forces which drive lateral circulation. 

	

6.2 	Entrance channel stability 

A reduction in the discharge passing in and out of any sandy inlet can lead to 
changes in both flow velocity and the cross-sectional area of its sandy entrance. 
For example, a reduced scouring of the entrance channel (as a consequence of 
lower maximum flow velocities) can produce increased sedimentation along the 
bottom and/or edges, and can lead to a reduction in the cross-sectional area 
provided that sufficient sediments are transported into the channel from other 

areas. 

Although this prediction is simplistic, the estimated reduction of the Inlet 
volume capacity of some 18% is not insignificant, and implies that the entrance 

to Useless Inlet could undergo some episode of morphological change whilst re-

establishing a state of equilibrium to compensate for the reduced tidal prism. On 
the other hand, such a process can occur only if sufficient material is transported 
from areas to the north or south by current velocities similar to those in the 

entrance channel. 

The width of the entrance channel to Useless Inlet, the shape of the flood tide 
delta and the configuration of the various spillover lobes are remarkably 

consistent in aerial photographs taken in 1957 (before any part of Useless of Inlet 

was barred), in 1973 (after Reid's and Carratti's bars but before dough's Bar) and 
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in 1989. The lack of discernible alterations to the entire entrance area and 
spillover lobes of Useless Inlet over a period When tidal discharge has been 

reduced can at least in part be explained by the stabilising action of the seagrass 
meadows. These fringe the tidal channels and cover a large portion of the 
entrance area in Useless Inlet (see Appendix 7). 

While the entrance area appears to possess an inherent stability that would 
counter the effect of a reduced tidal prism, the completion of the previous bars 
did not lead to large decreases in overall volume capacity since much of Useless 
Inlet south of Clough's Bar comprises intertidal banks and shallow sills less than 
3m deep. 

It is therefore worth examining the full consequences of a reduction in average 
flow. If the decrease in the tidal velocity component leads to a reduction of the 
entrance channel until previous peak velocities are re-approached, this would 
require at worst only a 13 to 18% reduction in the cross-sectional area of the 

entrance channel, with the precise amount being dependant on the roles of 
buoyancy-driven and tidal flows, and the effect of wind stress. 

Since the entrance channel is wide (1.5 km) and relatively shallow (10 m), it is 
unlikely that its width would alter, whilst its depth may be slowly reduced by (at 
worst) no more than 1.5 m. Such a process (should it occur) will rely on 
sediment being transported from areas to the north and south but where current 
velocities are much lower, and thus any noticeable shallowing of the entrance 
channel can be expected to take at least several decades. Moreover, occasional 

surge events from northerly cyclonic winds are also likely to counter any slow 

change to the morphometry of the channel. The very slow rate of shallowing is 
also unlikely to 'smother' benthic communities which are presently located on 

or within the predominantly bare sands of this channel (see Appendix 7). The 

potential shallowing of the entrance shallow to (at worst) 8.5 m will not effect 
navigation. 

6.3 	Inlet basin, sills and beaches 

The decreased volume capacity of Useless Inlet is likely to result in a slight 

reduction in the average maximum flow velocities within the main Inlet basin 
as well as the tidal channels. This feature may result in an increase in 

sedimentation rates, particularly in the southern portion lying closest to the new 
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bar where there will also be a slight reduction in wind wave activity. Thus 
although it is not possible to specify the amount of overall sedimentation 
increase, it is reasonable to assume that there will be a measurable increase in 

deposition rates in the deep basin area at the southern end of Useless Inlet, ie. in 
the reach closest to the proposed levee. The beaches and sills on the adjacent 
eastern and western shoreline can also be expected to prograde slowly due to the 
sheltering effect of the proposed bar from prevailing southerly winds. 

6.4 	Structural failure of levee 

Although extreme events due to cyclones and storms are catered for in the design 
and height of the new levee, it is worth examining the consequences of a 

catastrophic event such as a major breach or the mechanical failure and/or loss of 
the tidal flap gates which permit water flow into the new pond. 

Failure of the proposed levee cannot cause a 'domino' effect on the existing bars 
to the south for the following reasons. The fetch across the proposed pond is far 
less than that presently occuring on the north side of dough's Bar, which was 
also built to withstand the full impact of cyclonic conditions without any 
protective structure to its north. Also the water level behind the new levee will 
already be at or close to the spring high tide mark, and so effects from any storm 
surge will be considerably ameliorated. 

The main effect of a breach will therefore be the movement of up to 1 m of 
ponded water through the breach into Useless Inlet, followed by a gradual mixing 
down and loss of ponded water until levee repair. Release of ponded water 
would provide a temporary pulse of nutrients (principally phosphate), as the 
pond water may have been fertilised to raise the level of 'reactive' 

orthophosphate (P205) to no more than 60 ug/L. Derived data from Smith & 
Atkinson (1983) indicate that background levels of reactive phosphate in Useless 
Inlet waters may range between 2 and 6 ug/L. 

The volume of the pond water will be some 120 million m3, while that of the 
remainder of the Inlet will be approximately 580 million m3  (Table 1). Even 
assuming that all the ponded water could escape immediately, wind mixing 
would mix it vertically while buoyancy-driven flow would mix this water along 

the length of the Inlet in some 21 hours (Table 2). These processes would 



Le Provost, Semeriiuk & Chalmer 	 14 

therefore produce a worst-case final orthophosphate concentration of less than 
20 ug/L (ie. 6+ [60 x [1.2/5.8]]). 

Given a tidal prism of some 130 million m3  (Table 1), tidal flushing of inlet 
waters will then lead to an exponential decay to 10 ppb within 6 tidal cycles, with 
values approaching background after 10 cycles (ie. 5-6 days). 

Both the initial dilution and the rapidity of subsequent decay preclude the 
possibility of any persistent eutrophic nuisance effects that are associated with 
high levels of phosphate. Thus any bloom which results from such a breach will 
be transient and rapidly dispersed by tidal flushing and buoyancy-driven flow. It 
is worth noting that the type of cydone that could cause a breach in the new levee 
will undoubtedly inflict natural physical damage to the Inlet on a scale much 
greater than any subsequent temporary bloom. 

7 CONCLUSIONS 

On the basis of what is known of the existing morphology and hydrodynamic 
regime in Useless Inlet, the following predictions can be made about the likely 
effects of installing a new levee and reducing the size of Useless Inlet. 

	

7.1 	Inlet classification 

Levee construction and concomittant physical reduction in size of Useless Inlet 
will not alter its hydrodynamic regime or morphological characteristics 
sufficiently to change its classification as a tidal-dominated inlet whose 
circulation pattern is heavily influenced by buoyancy-driven flow and by wind 
stress and rotational (Coriolis) forcing. 

	

7.2 	Residence time 

The present minimum residence time of water bodies within Useless Inlet, 
which is estimated to be 2.8 tidal cycles (ie. some 2.5 days), is highly unlikely to be 
markedly changed by bar construction. Thus alterations to existing density 
(salinity and temperature) gradients are expected to be insignificant. 

7.3 	Wind stress and set-ups 
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Winds blowing from the southerly quadrants will continue to generate mainly 
diagonal wave trains comprising short period waves up to 0.6 m in height. The 

maximum reduction in wind set-up within Useless Inlet will be no more than 5 
cm. 
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7.4 	Circulation pattern 

No change in circulation pattern is predicted, since the proportional influences of 
buoyancy-driven flow, wind-stress and Coriolis effect on tidally-driven flow will 
remain virtually unaltered. 

	

7.5 	Entrance stability and sedimentation 

Reduction in both the volume and tidal prism capacity of Useless Inlet will lower 
tidal flow velocities in and out of the Inlet by up to 18%. It is possible that the 
sandy entrance channel may undergo a gradual period of sedimentation until a 
new dynamic equilibrium is established. In the worst case, this process could lead 
to an ultimate reduction in the depth of the tidal entrance channel from 10 to 8.5 
m, and over a time scale involving several decades. Moreover, the configuration 
of the deltaic entrance area and tidal channels of Useless Inlet seems very stable 
since no changes are apparent following the construction of three previous bars. 

Reduction in flow velocities and wind wave generation in the southern end of 
the Useless Inlet may cause a measurable increase in sedimentation rates in this 
area, particularly in that part of the sublittoral sill and basin area which lies under 
the lee of the new bar. 

7.6 Structural failure 

Failure of the levee due to some catastrophic event cannnot produce a 'domino' 
effect on other levees further south, but could lead to escape of nutrient-enriched 
pond waters into Useless Inlet. Worst-case anaylses show that the level of these 
nutrients and the speed with which they are diluted and then removed from the 
Inlet preclude the possibility of persistent eutrophic effects such as nuisance 
blooms of blue-green algae or enhanced macroalgal growth. 
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TABLE 1 

Derived morphological and hydrodynarnic parameters of Useless Inlet 
before and after construction of proposed bar. 

Parameter Existing Future 

Inlet perimeter 80.40 km 67.00 km 
Inlet length 26.80 km 20.40 km 
Inlet entrance overall width 6.30 km 6.30 km 
Area of basin and tidal channels 88.24 km2  72.04 km2  
Area of normally subtidal shallow sill 31.30 km2  25.10 km2  
Water surface area at MLLW (springs) 119.54 km2  97.14 km2  
Area of intertidal shallow sill 31.20 km2  26.64 km2  
Water surface area at MFII-IW (springs) 150.74 km2  123.78 km2  
Spring tidal range at entrance channel 1.20 m 1.20 m 
Spring tidal prism 1.622 x 108  m3  1.326 x 108  m3  
Spring tidal range at Clough's Bar 1.00m 1.00m 
Volume of water at MLLW (springs) 6.365 x 108  m3  5.194 x 108  m3  
Volume of water at MHI-IW (springs) 7.987 x 108  m3  6.520 x 108  m3  
Ratio of MHHW volume to tidal prism 4.92 4.92 
Typical spring tidal period 12.4 hours 12.4 hours 
Estimate of springs residence time 61 hours 61 hours 
Mean width of main tidal entrance channel 1.5 km 1.5 km 
Mean depth of main tidal channel 10.0 m _8.5 m 

Estimated absolute reduction in MHHW volume capacity of Useless Inlet = 18% 
Predicted absolute reduction in spring tidal prism of Useless Inlet = 18% 

Notes: 

I Average water depth over normally subtidal shallow sill estimated as 0.6 m at MLLW. 

2 Spring tidal range taken as between that at Denham (1.3 m) and dough's Bar (1.0 m) 

3 Volume at MLLW calculated using a given average depth of 7 m in the Inlet basin 
plus 0.6 m water coverage over the subtidal area of the shallow sill. 

4 Estimated spring tidal prism taken as equal to:- 
Spring tidal range x (Water surface area at MLLW + [0.5 x Intertidal area]) 
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TABLE 2 

COMPARISON OF VELOCITY AND TIME SCALES 

	

VELOCITY SCALE* 
	

TIME SCALE 

	

(velocity + tidal velocity) 
	

(inlet length ~ velocity) 

Before 	After 	 Before 	After 

Tide 1 1 12.4 hrs 	11.6 hrs 
Salinity 0.58 0.61 21.3 hrs 	18.9 hrs 

Wind 0.33 0.41 37.2 hrs 	28.3 hrs 
Rotation** 3.9 3.5 - 	 slightly less 

* Velocity scales are shown relative to the tidal velocity so that the ratios of the 
velocities can be compared for the before and after cases. 

* * Rotation velocity scale is given as Lu (the ratio of length scales). 

NB. In some cases velocity and time scales indicate maximum rather than 
average values. 

Before 	After 	Reduction 

	

Maximum Tidal Velocity 	0.6 m/s 0.49 m/s 	18% 

	

Mean Buoyancy Induced Velocity 	0.35 m/s 0.30 m/s 	13% 

	

Mean Wind Induced Velocity 	0.2 m/s 0.2 m/s 	0% 
(surface waters) 
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1 BACKGROUND AND OBJECTIVES 

Shark Bay Salt Joint Venture (SBS) wishes to increase salt production by creating 
a new primary evaporation pond inside the boundaries of its present mining 
lease in the southern region of Useless Inlet (Fig. 1). The area of the proposed 
pond does not contain seagrass meadows of either Halodule or Amphibolis that 
provide important dugong foraging areas elsewhere in Shark Bay (see Section 5.4 
of Volume 1 and Appendix 7). However, the potential value of the proposed 
pond to the sexual needs of dugongs requires appraisal in the light of their 
recently reported behaviour at Gladstone (in the eastern half of Shark Bay). 

In March 1990, the EPA advised SBS of a recent discovery that dugongs were 
utilising an area of shallow and relatively protected waters near Gladstone on the 
eastern side of Shark Bay for mating purposes (Anderson, unpublished data). 
Since the Edel Land inlets also contain shallow and protected waters, the EPA 
believed that the possibility of a similar dugong mating area within the proposed 
pond in Useless Inlet warranted investigation. 

During subsequent discussion with the EPA, it was agreed that further 
information should be obtained on dugong mating behaviour, and that data be 
compiled for Useless Inlet to help assess whether or not the proposed pond 
contains an area utilised by dugongs for mating during the September-December 
period of each year. 

This report reviews pertinent information on Shark Bay dugongs, the Gladstone 
mating area and dugong movements, and then presents information on Useless 
Inlet and dugong sightings. An assessment of the likelihood of the existence of a 
dugong mating ground within the area of the proposed salt pond is given. 

Information on dugongs has been obtained from publications by Anderson (1986) 
and Preen (1989) and personal communications from Dr Bob Prince (CALM), Dr 
Helene Marsh (James Cook University) and Mr Ray Masini (EPA). Unpublished 
observations and opinion have also been provided by Professor Paul Anderson 
(University of Calgary). 

Information on dugong sightings within Useless Inlet has been sought from 
professional beach seine fishermen via Greg Finlay (Dept of Fisheries Inspector at 
Denham); from SBS workers and residents at Useless Loop, and from the 1986-89 
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Agnew dough Ltd Ranger at Steep Point (Andrew Bennet, now at Eneabba). 
Dugong sightings made during recent LSC field surveys in Useless Inlet and Boat 
Haven Loop are also described. 

Advice on seagrasses and oyster dredging was obtained from Dr D. Walker 
(UWA), Dr H. Kirkman (CSIRO) and Dr D. A. Hancock. Mr Ron Shepherd 
(CALM officer at Denham) provided technical details on aerial survey methods. 

2 SHARK BAY DUGONGS 

The overall number of dugongs in Shark Bay is still subject to some debate. 
There are at least 1,000 and more likely up to 10,000 dugongs in Shark Bay. The 
latter figure is based on a recent aerial survey that covered a large part of Shark 
Bay (ie. including the area to the east of Bernier and Dorre Islands). Estimates 
over 5000 imply that dugongs must outnumber dolphins in Shark Bay (Dr R. 
Prince, pers.comm.). 

It is recognised that the estimate of 10,000 dugongs (which was extrapolated from 
the results of the latest aerial survey carried out by Drs Prince and Marsh in July 
1989) requires confirmation by further flights. Nonetheless, and unlike many 
parts of Southeast Asia where dugongs are hunted as a food source, there is little 
doubt that both the Shark Bay population and other populations along the De 
Grey coastline between Exmouth Gulf and Onslow are substantial, well-protected 
and not exposed to serious threat. 

Research conducted by Anderson (1986) suggests that during spring many 
dugongs move to warm eastern areas of Shark Bay (particularly the Wooramel 
delta area) where they feed mainly on Halodule seagrass over summer. At the 
end of summer when water temperatures on the Wooramel feeding grounds fall 
below 190C, a westwards 'retreat' to the warmer and more oceanic waters is 
thought to occur. 

Such a seasonal east/west movement matches with the thermal preference of 
dugongs, and also accounts for the substantial numbers that are found wintering 
along the eastern shoreline of Dirk Hartog Island. Here they feed on the less 
nutritious Amphibolis seagrass, but not on Posidonia seagrass (Anderson, 1986). 

This overall east/west pattern of migration does not, however, fit with 
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conclusions drawn from the recent aerial survey (Drs R. Prince & H. Marsh, pers. 
comms). This survey indicates that Shark Bay dugongs are far more numerous 
than originally thought, and that they may form two large groups or 'sub-
populations', each comprising up to several thousand individuals. 

It has been suggested that one of these groups tends to remain within the eastern 
portion of Shark Bay, the other in the western portion. In summer, both sub-
populations utilise warm southern waters of the Bay (ie. shallow feeding areas to 
either side of the central Peron Peninsula). During autumn, both groups move 
northwest into deeper and more oceanic waters when temperatures in the 
summer feeding grounds fall below 190C. 

This interpreted NW/SE pattern of movement implies that the western group 
feeds along Dirk Hartog Island and Blind Strait in winter, and then move to areas 
in Freycinet Reach and Freycinet Harbour to feed over summer. 

3 GLADSTONE 

In spring 1988, dugong mating was recorded by Professor Anderson in a small 
cove on the eastern side of Shafk Bay not far from Gladstone jetty. This area, 
much of which is shallow and less than 2 metres deep, lies less than 2 kilometres 
from the main Halodule feeding area off the Wooramel Delta. This mating area 
was reoccupied by dugongs during spring 1989. 

The following unpublished information has been provided by Professor 
Anderson and Mr R. Masini. 

certain dugongs (believed to be sexually-active males) each set up a specific 
elipsoid area some 300-500 metres in axis, in which they 'patrol'. It is not 
yet known whether 'patrolling' behaviour helps entice females to enter 
and commence courtship; 

the first patrol areas are probably established in September (ie. when water 
temperatures are rising beyond 190C).  The peak of courtship and mating 
activity appears to be in November. Mating behaviour was still observed 
in December, but the grounds were abandoned in January. 

the number of dugongs which 'set-up' a patrol ground may be as high as 
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20, with the maximum number of 'patrolling' individuals observed on a 
single day being 7; 

since the patrol areas do not contain seagrass foraging areas, the patrollers 
often return to the main feeding ground for periods between 12 and 48 
hours; 

because some of the presumed sexually-active males retain a patrol ground 
for almost 4 weeks and can remain in their chosen area for up to 6 days 
without leaving to feed, these mating grounds are considered comparable 
with the 'leks' established by males of certain other spedes (eg. Ugandan kob 
antelope). 

4 IMPLICATIONS 

Because patrolling dugongs have now been observed in the same area at 
Gladstone in both 1988 and 1989, it is probable that this site represents a favoured 
or even 'permanent' mating ground that is important to the breeding success of 
Shark Bay dugongs. The number of female dugongs in breeding age represents a 
fraction of the overall Shark Bay population since several years elapse between 
successive matings. Thus the possibility that the Gladstone 'lek' area is very 
important to the breeding requirements of Shark Bay dugongs cannot yet be 
discounted (P. Anderson and R. Masini, pers. comms). 

The observations of dugong mating behaviour at Gladstone differ not only from 
those of other sirenian mammals, but also from those pertaining to the same 
species in Moreton Bay, Queensland (Preen, 1989; H. Marsh, pers.comm.). The 
latter descriptions indicate that mating occurs in a more haphazard fashion and 
involves groups of dugongs. Mating occurred in 5-10 metres of water and directly 
above main foraging areas, with no selection of a special area of coastal shallows. 

However 'lekking' behaviour is facultative, ie. optional. It is therefore 
considered likely that mating occurs elsewhere (including the western side of 
Shark Bay), and that this takes place in possibly other shallow-water mating sites 
(similar to Gladstone) as well as in deeper areas above foraging grounds (as occurs 
in Moreton Bay). 

The latter conclusion has in part been substantiated on 17 August 1989 when 
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dugongs exhibiting mating behaviour were filmed above feeding areas off the 
east coast of Dirk Hartog by Australian Screen Associates (Dr Helene Marsh, pers. 
comm.). However it is not proven that inseminations actually occurred at the 
time that filming took place (Prof. Anderson, pers. comm.). 

Current information on dugong mating behaviour in Shark Bay is insuffucient 
to substantiate 'lekking' behaviour as a critical component for dugongs which 
breed in the western half of Shark Bay. 

5 DUGONG MOVEMENTS 

Movements made by dugongs in shallow water during feeding or during 
patrolling, displays, confrontation or courtship are not always quiet or furtive. 
For example, head-stands have occasionally been seen when dugongs are feeding 
in water depths of 2 metres or less (R. Masini, pers.comm.). Movements 
recorded in patrolling grounds that would be able to attract the attention of a 
casual observer include head-raising, sit-ups, tail-splashing and behaviours that 
lead to mud stirring. 	Behaviours associated with displays include sit-ups, 
'bottom swimming' and 'ritual feeding', all of which led to mud-stirring at 
Gladstone (Anderson, submitted manuscript [provided by Professor Anderson]). 

Sit ups involve raising the head and forebody above the water whilst the dugong 
is swimming slowly on its back, with the head facing backwards and bent down. 
The amount of elevation above water level occasionally led to animals toppling 
over backwards. While dugongs appeared to undertake sit-up displays without 
obvious reason, other display behaviours were related to the presence and/or 
intrusion of a neighboring dugong (Anderson, submitted manuscript). These 
displays included roll-overs (swimming belly-up), 'bottom-swims' (rapid 
swimming along the bottom) and 'ritual feeding'. Normal patrolling involved 
steady swimming for 15 to 80 minutes, with breaths taken at 90 second intervals. 

'Spontaneous combat' involved short clashes with intruding dugongs at the 
boundary of a patrol area, and usually after display behaviours described above 
had been performed. These involve 'charges' from up to 40 m distant by either 
the defender or intruder. Clashes are not common, and were occasionally 
terminated with a brief 'frenzied' struggle lasting 10 to 15 seconds that led to the 
flight of one of the contestants. One episode was recorded in which the impact of 
the initial charge pushed the opponent almost dear of the water. This was a rare 
event (Anderson, pers. comm.). 
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Apart from copulation, courtship involved the 'herding' of the presumed female 
along the I m contour in very shallow water. 

The remainder of this report focuses on the question as to whether the area of the 
proposed salt pond in Useless Inlet might contain a significant or permanent 
shallow-water mating ground, as appears to be the case for Gladstone. 

6 DUGONGS IN EDEL LAND INLETS 

6.1 Aerial surveys 

Apart from Blind Straight (which is open to the sea at its southern end), the Edel 
Land inlets comprise Useless Inlet, Browns Inlet (including Boat Haven Loop) 
and the Depuch and Disappointment Loops. To date, aerial surveys for dugongs 
in the western half of Shark Bay have concentrated on Dirk Hartog Island, Blind 
Strait, Freycinet Reach and Freycinet Harbour. Useless Inlet has been overflown 
only 'opportunistically' during some of these surveys (Dr R. Prince, pers. comm.). 

Two reasons account for the Edel Inlets not being included within the flight paths 
of formal surveys during the late spring or early summer period when dugongs 
may be mating: 

because winter weather conditions are far more conducive to obtaining 
reliable aerial counts for population estimates, most surveys have been 
flown in the period when dugongs have moved away from the Freycinet 
area and large numbers are concentrated along the eastern shoreline of 
Dirk Hartog Island and in Blind Strait. 

the Edel inlets (apart from the more oceanic Blind Strait) are not 
considered to provide large or important summer foraging areas for 
dugongs or form the fod of general migratory movements). 

Thus the few summer surveys have targeted Freycinet Harbour, the southern 
Wooramel and/or portions of the Peron Peninusular. 

6.2 Surface observations 
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While it is acknowledged that aerial surveys provide the best means of obtaining 
reliable counts of total dugong numbers within a particular area, observations 
from shorelines or vessels provide very useful information worthy of review. 

Spotting dugongs in the waters of the Edel Land inlets does not require periods of 
intense concentration, since these waters are more sheltered than other areas of 
Shark Bay, and periods conducive for dugong sightings are frequent. For 
example, and similiar to Anderson's (1986) experience in other parts of Shark 
Bay, dugongs quietly feeding in 4-5 m deep water were readily spotted by LSC 
field staff up to 1.5 kilometres off various shoreline vantage points within Boat 
Haven Loop during February 1990. 

All the sublittoral platform areas in the Edel Land Inlets are less than 2 m deep 
(Appendices 7 and 8; Read, 1974). It therefore seems reasonable to expect that in 
these shallow areas the activities and displays associated with dugong patrolling 
grounds could be noticed without systematic, prolonged or intensive gazing on 
behalf of an observer. 

6.2.1 Dugong sightings by local seine fishermen 

The Denham Fisheries Inspector, Greg Finlay, has been based at Denham for over 
five years, and has visited Useless Inlet by patrol boat on many occasions. He has 
seen dugongs in the entrance channel to Useless Inlet and occasionally 
individuals and small groups in the area to the south of the inner sand bars. His 
southernmost sighting was a pair of dugongs south of the eastern mangrove 
channel, ie. in the northeastern portion of the proposed pond area. 

Mr Finlay has recently asked those Denham fishermen who regularly seine 
within Useless Inlet about their sightings of dugongs. Some of these men, such as 
Mr L. Belotti, have fished along the available length of Useless Inlet from the 
1950's to the present day (Fig. 1). 

The fishermen enter the Inlet throughout the year for various species which they 
target at different times (Appendices 2, 3 and 6). Thus while whiting is sought 
from April to September, units run by Messrs Belotti and Poland also enter 
Useless Inlet during the spring and summer to take important 'subsistence' 
catches such as sea mullet, yellowfin bream and tailor. Their regular use of 
Useless Inlet contrasts markedly with the southernmost part of the Wooramel 
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Bank and Gladstone, which are not fished by any of the Denham fishermen. 

It is understood that the response provided to Mr Finlay by these fishermen is 
that their experience of dugong sightings matches his own. Thus their sightings 
of dugongs are not uncommon in the entrance area to Useless Inlet, but decrease 
in number in a southerly direction to an occasional sighting of one or two 
dugongs in the area west and to the south of the eastern mangrove channel 
(G. Finlay, pers. comm.). Nothing has been seen in the proposed pond area or 
the rest of the Useless Inlet which resembles the type of activities described by 
Professor Anderson for the Gladstone mating area. 

Sightings made by the fishermen are important for a number of reasons: 

the fishermen travel widely across the banks and shallow areas looking 
for fish, ie. precisely those areas where leks or mating dugongs might be 
expected to occur, and have done so during the same season when mating 
is occurring at Gladstone. Searching for elusive schools fish requires their 
concentration, intensive staring and use of systematic searches (see 
Appendix 2). Shade hats and polarising sunglasses are worn by many of 
the crew. 

dugongs are consistently sighted by the fishermen in some areas and not 
in others, so they do notice dugong; 

traditional fishermen such as the Belottis and Polands take care to avoid 
splitting schools or scaring fish off the shallow bank areas, the only places 
where the seine nets can be layed. Their jetboats are not used to 'run 
down' schools of fish, but are motored at low cruising speeds. Jet boats 
allow more ground to be covered per day by towing the net dinghies across 
wide areas of shallow water (Appendix 6). At these speeds it is not 
difficult to observe and recognise dugongs, or later recall where they were 
sighted; 

the traditional fishermen still determine the location and movements of 
fish schools by climbing to high vantage points on land, while a crew 
member quietly poles the boat and net dinghy from bay to bay, as was done 
during the fish down exercise (Appendix 2). Visual scanning of the waters 
from these vantage points is intensive. After the net is layed, time is 
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spent unmeshing and sorting the catch with the jetboat motors still 
switched off. 

(v) 	the fishermen also anchor overnight in a variety of spots within Useless 
Inlet (Fig. 2), and they have therefore had many opportunities over the 
past 30 years to notice dugongs or observe unusual activities under a wide 
variety of conditions. 

6.2.2 Information from Edel Land Ranger and tourists 

The existing primary salt pond in Useless Inlet lies behind dough's Bar, which 
was constructed between winter 1973 and autumn 1974. The bar forms a 
considerable vantage point providing sweeping views over the whole of the 
proposed pond area (Fig. 1). 

Apart from the original construction team and present day salt-workers, 
thousands of tourists and recreational fishing parties have visited and fished 
from this levee on their way to and from Steep Point. For example, in 1988 the 
number of tourists who crossed dough's Bar was some 3000 (A. Bennet, pers. 
comm.). Groups or families make overnight camp at either end of the bar, some 
launching a small dinghy for fishing offshore (A. Bennet, pers.comm). 
Approximately 20 large (5.5 - 7.5 m) recreational fishing boats are beach-launched 
each year at the eastern end of the bar, and taken through the proposed pond area 
on the way to South Passage (A. Bennet & G. Finlay, pers. cornms). 

Tourist movements, fishing and camping in the Clough's Bar and Steep Point 
areas are supervised by a year-round, full-time ranger. There is a continuous 
stream of visitors throughout the year, with the broadest peak occurring from 
November to January and short-term peaks occuring over all school holidays (A. 
Bennet, pers.comm.). 

Mr Bennet was employed as the Edel Land Ranger between May 1986 and 
November 1989. His duties included (i) regular visits to dough's Bar and 
beaches on either side of the proposed pond area (at least 3 times a week), and (ii) 
liaison with the majority of tourists and recreational fishermen who required 
assistance, advice or information. 

Mr Bennett has never spotted a dugong in the proposed pond area, either from 
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the shore or from his own 5.3 m runabout, but has spotted them in Blind Strait 
and South Passage. His sightings matched those of tourists, who often gave him 
accounts of their dugong sightings in Shelter Bay and Blind Strait. Mr Bennet 
was never informed of dugong sightings or unusual activities such as tail-
splashing or mud-stirring in Useless Inlet, including the proposed pond area. 

6.2.3 Information from salt workers and residents 

The Production Superintendent at Useless Loop (Mr Michael Smith) was recently 
asked by SBS to seek information from those people within the town who go 
boating or fishing in Useless Inlet, including the Headmaster of the town's 
school. Mr Smith owns a 21' cabin cruiser, and has fished in Useless Inlet on a 
regular basis for nearly 15 years. His experience matched that of other boat 
owners in the town, namely that extremely few dugongs have been seen south of 
the entrance channel to Useless Inlet compared with the high numbers of 
sightings along the western edges of Freycinet Reach and nearby shipping 
channel. 

6.2.4 Observations during recent LSC studies 

Dugongs: 

Winter and summer field surveys of Useless Inlet and Boat Haven Loop were 
undertaken by LSC between 22 June and 8 July 1989 and between 21 January and 
12 February 1990. This work, undertaken for the PER, included surveys of fish, 
prawns and the littoral and subtidal habitats along the length of these inlets. 

Beach seining was undertaken quietly to avoid scaring fish, while boats with 
attendant personnel were anchored at numerous places during the underwater 
surveys. Overnight shoreline camps were also made during the prawn sampling. 
Most days therefore provided good opportunities for the detection of dugongs. 

No dugongs were seen in Useless Inlet during both the winter and summer 
surveys. Two dugongs were seen over Amphibolis seagrass meadows in the 
southern part of Boat Haven Loop on the morning of 2 July 1989. A large dugong 
was approached to within 10 metres and was recorded as possibly a male, the 
other was sighted some 300 m distant and was too large to be a pup. Water 
temperatures over the shallow banks fluctuated between 14 and 210C in response 
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to tide and variations in wind strengths and sunshine. 

A total of eleven dugongs were spotted inside Boat Haven Loop between 5 and 9 
February 1990. These were in small groups of between 2 and 4 individuals. The 
groups were sighted in areas where both Halodule and Amphibolis seagrasses are 
present (see below). Water temperatures over the sill areas were warmer (19-
280C), fluctuating between pre-dawn lows and mid-afternoon highs. 

Seagrasses: 

Halodule seagrasses were absent from all intertidal and subtidal survey sites 
inspected in Useless Inlet north of dough's Bar (Appendix 7). By contrast, 
Halodule and/or Halophilia were found in over 70% of the basin and channel 
sites in Boat Haven Loop. These seagrasses occurred in low density both 
alongside and as an understorey to Posidonia meadows (Appendix 7). 

Amphibolis meadows occur throughout the length of Boat Haven Loop, 
including its southern end (Browns Inlet), but in Useless Inlet the southernmost 
Amphibolis seagrass meadow is found at a point some 16 kms north of Clough's 
Bar (Appendix 7). The long-term restricted distribution of Amphibolis and the 
apparent lack or paucity of Halodule meadow in Useless Inlet may be connected 
with the effects of previous oyster dredging activities (Section 5.4 of Volume 1). 

Useless Inlet formed the centre of the Shark Bay oyster industry from 1870 to the 
1930's, with periods of sustained oyster dredging in both deep and shallow areas 
that covered most of the Inlet between the 1890's and 1930's (Hancock, 1989). 
Many contemporary accounts by Fisheries Inspectors and others describe the 
devastation of 'weed' areas in Useless Inlet (given in Hancock, 1989). An 
unusual pattern of seagrass distribution which is still reflecting the effects of 
prolonged dredging despite the passage of several decades is not considered a 
surprising outcome (H. Kirkman, pers. comm.). 

6.3 Opportunistic Aerial Surveys 

Three 'opportunistic' low-speed flights have been made over Useless Inlet in the 
winter of 1989; two of these over the entrance area/northern portion of the Inlet 
during CALM surveys (R. Prince, pers. comm.), and one over the southern 
portion on the morning of 8 July by LSC personnel in a highwing Cessna aircraft. 
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The three flights provided information consistent with a general movement of 
dugongs into more oceanic waters in winter. Thus the two CALM flights did not 
spot any dugongs southeast of Bar Flats (ie . in both Useless Inlet and parts of the 
western Freycinet), whilst dugongs were recorded in Blind Strait (R. Prince, pers. 
comm.). The LSC flight also did not spot dugongs in sweeps over Useless Inlet, 
but radioed the position of several dugongs that were sighted near a French 
research vessel in Blind Strait. 

These flights were made when water temperatures in Useless Inlet were probably 
not markedly different to those in the neighboring Blind Strait (see Appendix A). 
The absence of dugong sightings in winter supports the view that Useless Inlet 
does not provide important feeding grounds, and suggests that any winter 
mating activity (as filmed off Dirk Hartog the following month) is unlikely to 
occur within Useless Inlet. 

7 CONCLUSIONS 

The information in this report enables Useless Inlet to be placed into perspective 
against Gladstone, and allows reasonable deductions to be made concerning the 
likelihood of a dugong mating area in the area of the proposed pond. The 
following key differences are important: 

unlike Gladstone, the proposed pond has been subjected to widespread and 
intense oyster 'pick-up' and dredging activities from the 1870's to the end 
of the 1930's (with all of its sill area allocated to specific leases during the 
1890's; see Fig. 21 in Volume 1); 

the proposed pond has also been subjected to considerable scrutiny since 
the 1950's by professional fishermen, and also by recreational fishermen, 
tourists, salt workers, et alia since the completion of Clough's Bar in 1974. 

the pattern of dugong sightings within Useless Inlet and Boat Haven Loop 
parallels the distribution of known seagrass foraging areas; 

in contrast to Gladstone, the closest Halodule foraging areas to the 
proposed pond would appear to be at least some 20 kms to the north (ie. 
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beyond the main basin area of Useless Inlet), while the first patch of the 
poorer quality Amphibolis is located some 16 km to the north of Clough's 
Bar; and 

(v) Useless Inlet is long and narrow, and regularly 'surveyed' by professional 
seine fishermen between April and December. 

With these points in mind, the existence of a favoured or permanent dugong 
lekking area in the proposed pond would require the following events to go 
unnoticed each and every year: 

a movement of some 10-20 sexually-active male dugongs down the length 
of Useless Inlet; 

a series of 300-500 m patrol grounds (with up to 7 males cruising up and 
down the sill area), that would occupy a considerable portion of the pond for 
a period of presumably at least 8-12 weeks; 

a procession of female dugongs which, attracted (?) from distant foraging 
areas, must move down the length of Useless Inlet to find the males; 

patrolling and mating activities in less than 2 m of water, with attendant 
displays, occasional 'clashest and courtship manoeuvres; 

regular movments of male dugongs up and down Useless Inlet during 
patrol breaks in order to visit feeding areas. 

For the above reasons, the chances of a crucial or favoured dugong 'lekking' 
ground existing in the proposed pond area appear very unlikely. Nevertheless, 
present aerial survey data for Useless Inlet are too limited to confirm this 
conclusion. 

SBS has therefore agreed to arrange two aerial surveys of Useless Inlet between 
September and December 1990. It is proposed that these low-speed aerial surveys 
will use local highwing Cessna or Tartenavia aircraft (as used by CALM for 
previous surveys), that will be flown from Denham using observers who have 
counted dugongs on previous CALM surveys, as well as with SBS representatives 
from Useless Loop. 
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It is also proposed that the aerial surveys should follow previous procedures 
adopted by CALM. For example, transects at 2.5 nm spacing can be made at an 
altitude of 500-450' across Useless Inlet, as well as across Boat Haven Loop and the 
Useless Loop coastline for comparative counts. The two surveys will each 
comprise paired flights over consecutive days; paired flights provide better 
information on dugong movements (Mr R. Shepherd, pers.comm.). 

The results of this study will be provided to the EPA, and will be made available 
free-of-charge to anyone who has purchased a copy of this PER during the public 
submission period. Construction of the levee will not be started before the EPA 
has reviewed the results of these surveys. 
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APPENDIX A 

WATER TEMPERATURES IN PROPOSED POND AREA 

MONTH 1987 1988 

January 25 25 
February 26 26 
March 24 26 
April 22 24 
May 21 21 
June 18 19 
July 18 19 
August 17 19 
September 18 22 
October 21 24 
November 23 23 
December 24 27 

The above monthly surface water temperatures are averaged from weekly data 
supplied by SBS. Temperatures were recorded north of tidal gates at dough's 
Bar. 

Highest weekly temperature in this data set was 29 C in February 1988. 
Lowest weekly recording was 16 C recorded in May and August 1987, 
and in July 1988. 
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