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Geomarine Pty. Ltd, on behalf of Ballina Shire Council, are preparing an Environmental Impact
Statement on proposed beach management works on the northern side of Lennox Head. The area
included in the proposal has been eroding landwards at a rate of around one metre per year for the .
last 50 years. This erosion has resulted in loss of sand from the foredune and beach over about two
kilometres in front of Lennox Head township. In the past,several attempts have been made to halt this·
erosion by placing rock walls and paperbark fences at the worst affected locations. This has given the
area an untidy appearance while not fully halting the erosion.
.
The area just north of Lennox Head appears to be a sit€! of long term erosion spanning several centuries .
. At some time in the recent past, around 2000 years before present, there was a lake and barrier dune
lying seawards of the present shoreline. The evidence for this is easy to see if the exiSting seabed is
examined. Exposed below low tide level is a layer of peat and estuarine clay which contains easily
recognisable leaves, flowers and seeds of recent coastal species and aquatic plants as well of large
logs and stumps of Banksia speCies. This peat and clay along with these plant species may be seen
at existing dune lakes on the north coast.
A combination of the peat and clay and the large number of small to medium sized boulders to be found
naturally along the shoreline have resisted wave attack and armoured the seabed to such an extent
that waves now break about 100 metres offshore. Between the wave break zone and the existing shore.
line there is a shallow moat. Reduced wave endrgy and the existence of a suitable rocky substratum in
the form of boulders has allowed an assemblage of plants and animals typical of more sheltered marine
environments to develop.
The purpose of this report is to examine this assemblage of organisms and to assess the impact that
the proposed beach management works would have on it.
.

DESCRIPTION OF WORKS

Figure 1shows the extent and type of works proposed along the foreshore north of Lennox Head. These
works include the repair of existing rock retaining walls, the construction of a rock groyne and a boat
launching ramp and the realignment of the shore to its 1940's contour. The area behind the walls will
be filled with sand and the beach nourished to a level where the walls will be buried. Sand for these
works will be scaped from the berm of Seven Mile Beach north of Lake Ainsworth.
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STUDIES CONDUCTED

The following studies were carried out on November 21 st 1989.

•

An inspection of the sea bed from Lennox Head to a point 2 kilometres north and out beyond the
wave break zone to determine its structLire and composition.

•

An inspection of plant and animal assemblages associated with boulders within the moat
shorewards of the wave break zone.

•

Sampling of the infauna of sand patches within the moat.

•

Compilation of a list of fish living in the moat.

•

Sampling of the infauna of the sandy beach at a site adjacent to the Fitness Camp (north of Lake
Ainsworth) and at a site just north of the existing groyne (Figure 1).

•

Inspection of the berm and foredune of the proposed sand supply area of Seven Mile Beach.

RESULTS
Description of the seabed.
.

.

The topograpy of the study area is shown in Figures 2 and 3. Observation of the surf breaking on the
southern end of Seven Mile Beach showed that the beach had a normal offshore profile where the
waves broke close to the shore as the seabed shelved. At a point about 1.5 kilometres north of Lennox
. Head the wave break zone began to move steadily offshore indicating the presence of an area of shallow
water. The seaward edge of this shallow area was composed of boulders sitting on white sand..
Seawards of the boulders, the bottom profile on the day of observation was a sand slope extending out
into deep water. A 2 metre swell was breaking on the sand slope on the day of observation resuspending
sand particles which were then being transported landwards over the outer boulder zone.
At low tide this outer edge of boulders sitting on sand was only about 0.3 m below the water surface.
About 30 metres shoreward of the outer edge, the water became slightly deeper and the seabed was
composed of masses of boulders set in sand or sitting on sand. Wave energy within this moat was
much less than was present on the outer edge.
.
Breaking waves on the outer barrier transported water and sand particles into the moat causing a strong
north-running current to be established. This current was strong enough to transport sand within the
moat from south to north. As a result of this current and its ability to transport sand within the moat, a·
gradient was present from south to north. At the southern end of the moat there was very little sand
among the boulders which were piled one upon the other. With increasing distance north the amount
of sand among the boulders increased until only the very tops of the boulders were exposed at the
northern end of the moat.
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FIGURE 2
TOPOGRAPHYOFTHEAREAOFTHEPROPOSED BEACH MANAGEMENT PROGRAM MEFOR
THE AREA TO THE NORTH OF LENNOX HEAD.
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FIGURE3
AERIAL PHOTOMAP OF THE STUDY AREA SHOWING THE WAVES BREAKING ON THE OUTER
BARRIER AND THE MOAT IN RELATION TO THE TOWN OF LENNOX HEAD.
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Along the existing landward shore of the moat the estuarine clay and peat of the ancient lake bed was
exposed along with large tree stumps still in situ and fallen tree trunks. In places the estuarine clay and
peat had been undermined by wave action and was breaking away at the edges forming a vertical face
face almost a metre high in places.
Figure 4 shows a diagram of the bottom of the moat and the processes taking place within it. From
observations made on November 21 st1989 it would appear that there were episodes of greater than
normal sand transport across the reef edge into the moat. These episodes may be associated with
particular weather and sea conditions. The evidence for this greater than normal transport of sand lay
in areas along the outer edge of the moat where boulders had become completely covered by sand
leaving only the tips of amached brown algae penetrating the surface. Sea urchins, which had been
displaced by the sand as it had covered the rocks, were seen clumped together on the sand joined
together by their tube feet to form a mass too large to be moved by passing waves.
In the course of time these intruding sand masses would be removed from the moat by the south to
north breaking-wave generated current. This would eventually expose the buried boulders again.

Plants and animals of the rocky sections of the moat
There are four ecological zones within the moat. They are :
• "The boulder zone along the outer edge of the moat.
•

The sand-free boulder zone at the southern end of the moat.

•

The sand filled boulder zone at the central and northern sections of the moat.

•

The exposed peat and estuarine clay.

The boulder zone along the outer reef edge

The edge of the reef off the northem side of Lennox Head was composed of boulders of various sizes
embedded in sand. Most of the boulders were too large to be turned over by hand or to be moved by
the 2 metre swell present on the day sampled. The physical environment of this area was one of great
turbulence and abrasion by masses of suspended sand particles.
Most of the rocks were covered by an assortment of turfing algae, mainly coralline species, Zonaria sp.
and Padina pavonea. No large brown algae were observed growing in this very active area.
No species of large benthic animals were seen in this very active zone on the day sampled .

The sand-free boulder zone at the southern end of the moat.

.'

This area of the moat was most sheltered from intense wave attack and was less likely to be submerged
by sand at frequent intervals. Organisms living in this area appeared to reach larger sizes than their
counterparts at the northern and central sections of the moat. Despite this there was still the impression
that the community in this region was immature and lacking in many of the longer lived colonial
organisms found in areas of similar exposure to wave attack on the north coast of NSW.
The tops of the boulders were covered by turfing algae such as Coralfina spp., Zonaria" sp. and Padina "
pavonea as well as the larger brown algae such as Sargassum spp. and Cystophora sp.
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FIGURE4
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Many species of animals were present in the sand-free boulder zone. They included molluscs,
echinoids, asteroids, holothurians, sponges, and polychaetes :
Sponges
Encrusting sponges (several species)
Golf ball sponges
Polychaetes
Calcarous tube worms
Large errant pOlychaetes
Echlnolds
Neddle spinned urchin
Slate pencil urchin

Asteroids
Cushion starfish

Tethyasp.

Galeolaria caespitosa

Diadema savignyi
Phyllacanthus paNispinus
Holopneustes pycnotilus
Tripneustes gratilla
Heliocidaris erythrogramma
Echinometra mathaei .

Patiriella calcar
Coscinasterias calamarii'!

Crinoids

Cenolia trichoptera
Chitons
.
.
Several species were otiserved living on the underside of rocks.
Gastropods

Bembicium sp.
Austrocochlea obtusa.
Morula marginalba
Siphonaria denticulata
Gellana tramoserica
Notoacmaea petterdi
Scutus antipodes
Tugali sp.
Turbo torquatus
Turbo militaris
Australium tentoriforme
Gabestana spengler;
Septa pathenopea
Thais orbita
Bulla quoyii
Bivalves

Trichomya hirsuta
Ghlamys lividus
Lima nimbifer
Cephalopods
Common octopus

Octopus cyaneus

Crabs

Ozius truncatus
Naxia tumida
Paguristes squamosus
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Ascidians
Cunjevoi
Simple ascidian

Pyura stolonifera
Herdmania momis

· Sand-fiUed boulder zone of the central and northern moat
The sand-filled boulder zone in the central and northern end of the moat contained many of the same
species as the sand-free southern end but life in that sand-filled area was more difficult because sand
may completely cover the boulders at times.
Brown, red and green algae covered the upper surfaces of the boulders. Sargassum, Gystophora and
Codium species were the most conspicuous large algae present. Turfing algae also inhabited the upper
surfaces of rocks but their condition depended upon the amount of sand in the area at the time of .
observation.
At least three of the echinoid species present in the sand-filled area appeared to have developed a way
of surviving the periodic burial of the boulders by sand. As the encroaching sand filled up the crevices
between the boulders where they lived, these animals climbed up on to the tops of the rocks. As the
· sand covered the rocks and caused them to lose their grip they grasped each others tests with their
tube feet and formed a mass large enough to resist being moved by passing waves. These large masses .
of echinoids, which may be several metres long and about a third of a metre wide, were composed of
at least three species all cooperating to avoid being cast ashore. Isolated groups of two or three
echinoids, often of different species were also seen clinging to the exposed tops of an almost completely
buried Sargassum plant.

hi this sand-filled area the boulders rested on sand. When these boulders were turne.d over several
species of ophuroid or brittle stars were found as well as polychaete worms (both errant and tubiculous) ..
Among the boulders were patches of the worm Diapatra dentata. Also living on the sand among the
boulder was the large holothurian Holothuria leucospilota.
In places throughout the sand filled section of the moat were patches of Seagrass. The species involved
was not identified with certainty. It had very thin bright green leaves not more than 100 mm in length·
joined to a very thin rhizome located beneath the sand. The. plant looked too small and the rhizome too
thin to be Zostera capricorni. No large beds of this plant were seen in the moat in November 1989.

The exposed peat and estuarine clay
The small area of peat and estuarine clay exposed along the landward shore of the moat was almost
devoid of animal and plant cover and did not appear to have been bored into by animals. A few small
barnacles and some Austrocochlea were seen.

.'

· Infauna of the sand patches in the moat
Patches of sand which were exposed between the boulders were sampled for organisms. Five replicate
0.04 square metre area 0.1 metre depth samples were taken and sieved through a 1 mm mesh to
separate the animals from the fine fraction of the sediment. The gravel, which formed around 1 percent
of the sediment by volume, and the animals were transferred to 110 mL plastic jars and preserved in
neutralised formalin for later sorting in the laboratory.
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The following types of organisms were taken in these samples from sand patches in the moat:

Sample number

2

1

4

3

5

Mean
Isample

Mean
Imetr~

Species present
Crustacean 1

36

5

8

11

7

13.4

335

Amphipod 1

8

8

5

10

11

8.4

210

Ostracod 1

0

0

0

1

0

0.2

5

Polychaete 1

1

1

0

1

0.8

20

Polychaete .2

0

1

0

1

2

0.8

20

45

15

13

24

21

30.8

590

Total number of organisms

The sand patches in the moat were found to contain quite large numbers of small crustaceans and·
polychaete worms. A feature of the samples taken was the relatively high variation in density. in the
number of organisms present within a relative::! small area.

Fish inhabiting the moat
A species list of fish living in the moat was compiled on November 21 st 1989.

common Name

"

,.

Green moray eel
Tasselated moray eel
Bearded Ling
Garfish .
Pipefish
Fortescue
Red rock cod
Dusky flathead
Rock flathead
Wirra
Pacific rock cod
Trumpeter whiting
Dart
Silver Bream
Goat fish
Luderic
Mado
Stripey
.Sweep

Scientific Name
Gymnothorax prasinus
Gymnothorax favagineus
Lottel/a cal/arias
Hyporhampus australis
Yosia tigris
Centrapogon australis
Scorpaena cardinalis
Platycephalus fuscus
Platycephalus laevigatus .
Acanthistius ocel/atus·
Trachypoma macranthus
Sillago maculata·
Trachinotus russelli
Acanthopagrus australis
Parupeneus fraterculus
Girel/a tricuspidata
Atypichthys strigatus
Microcanthus strigatus
Scorpis lineolatus
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Common Name
Old wife
White-ear
Redmorwong
Eastern morwong
Sand mullet
Yellow-green wrasse
Inscribed wrasse.
Luculentus wrasse
Crimson banded wrasse
Blue (groper) wrasse
Combe wrasse
Leopard wrasse
Moon wrasse
Banda wrasse
. Sabre-toothed blenriy
Kelp blenny
Sole
Fantailed leatherjacket
Pygmy leatherjacket
Clown toby
Flute mouth
. Butterfly COd.
Threadfin butterfly fish
Sergeant
Orange-tailed devil
Surgeon fish
Kelpie

Scientific Name
Enoplosus armatus
Parma microlepis
CheiJodactylus fuscus
CheiJodactylus vestitus
Myxus elongatus
ThalasSoma lutescens
Pseudolabrus inscriptus
Pseudolabrus luculentus
Pseudolabrus gymnogenus
Achoerodus viridis
Corispicta
Macropharyngodon pardalas
ThaJasomma lunare
Stethojulius bandanemsis
. PetrosCirtes lupis
Paraplagusia unicolor
Monocanthus chinensis
Brachaluteres jacksonianus
Canthigaster callisterna
Aulostoma chinensis
Pterois volitans
Chaetodon auriga
Abudefduf sp. A
Abudefduf sp. B
Acanthurus sp.

Forty six species of fish were identified from tl1'"3 moat offshore of Lennox Head township.

Infauna of Seven Mile Beach
Two sites on Seven Mile Beach were sampled. The first was opposite the Fitness Camp and the second
was just north of the proposed groyne. Five replicate sand samples (0.2 x 0.2 x 0.1 m) were taken at
each site. Sand was sieved through a 1mm mesh screen and the organisms and the coarse fraction
was transferred to plastic jars and preserved in 10% neutralized formalin.
The following results were obtained :
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Sample number

2

1

4

3

Mean
{sample

5

Mean
{metr~

Species present at Site A (Opposite Fitness Camp)
Crustacean 1

0

0

0

1

·0

0.2

5

Amphipod 1

2

8

5

13

0

5.6

140

Prawn 1

0

0

0

0

1

0.2

5

2

0

0

4

1.4

35

Polychaete 1
Polychaete 2

0

2

0

1

1

0.8

20

Total number of organisms

3

12

5

15

6

7.2

205

Species present at Site B (North of proposed groyne)
Amphipod 1

o·

0

0

1

0

0.2

5

Polychaete 2

0

0

1

0

0

0.2

5

Polychaete 3

0

0

1

0

0

0.2

5

Total number of organisms

0

0

2

1

0

0.6

15

The fauna of the sandy beach was very sparse at Site B (north of proposed groyne) and quite abundant
for such a dynamic habitat at Site A (opposite the Fitness Camp).

Berm and foredune of Seven Mile Beach
The berm of Seven Mile Beach near the Fitness Camp is the area from which the sand will be scraped
to nourish the beaches near the town of Lennox Head. This area was inspected on November 21 Sl
1989. Figure 5 shows a typical profile through tt-·e area from the low tide zone tothe back of the foredune.
From the intertidal zone, the beach sloped gradually towards the foredLJne. Above high tide mark the
burrows of the ghost crabs Ocypode ceratophtha{ma and O. cordimana were seen. Further landwards
was a mound <;)f wind blown sand trapped by the leaves of the Spinifex plant. A flowering plant with
leathery green leaves and a creeping habit was also growing amongst the Spinifex.
.

.

Landward of the Spinifex mound was a depression in the sand that had been colonised by widely
scattered Bitu Bush.
Just landwards of this hollow was an old erosion scarp marking the position where waves had cut away
at the foredune. Above this erosion scarp was the rather flattened dune with its cover of small Banksia,
Acacia, Carpobrotus, Sedges and grasses.

Bitu Bush

Splnlfex zone

Intertidal Zone
Berm (Sand supply

Old erosion scarp

Vegetated foredune

are~)

..

. .....
~

...

FIGURE 5
APPROXIMATE PROFILE OF THE BERM AND FOREDUNE OF SEVEN MILE BEACH.

".

w
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DISCUSSION

The marine community inhabiting the moat and.outer barrier at the southern end of Seven Mile Beach
appears to be in a state of dynamic flux. It is essentially a rocky bottom community that alternates
between being covered by sand to varying degrees and then being re-exposed. During complete
covering by sand all of the turfing algae on the boulders is probably killed. In some cases the larger
algae may· also be killed by the sand. Eventually the boulders are re-exposed and recolonisation of
algae or regrowth from basal remnants will take place.
During covering by sand many of the invertebrates are also killed except for those species of sea urchins
that clump together to resist wave attack.
Fish populations living in the moat are also present in smaller numbers and represented by fewer.·
species than .comparable habitats on the north coast, .particularly the smaller species such as
Chaetodon spp.
.
.
The marine community could be considered to be in a state of constant recolonisation never destined
to reach maturity.

IMPACTS OF THE PROPOSAL·

The beach management proposal for the southern end of Seven Mile Beach near Lennox Head township
has the potential to affect the marine environment in several ways. They are:
•

The repair of existing sea walls.

•

The construction of the groyne and boat launching area.

•

The realignment of the sea wall at the south end of the site.

•

Nourishment of the beaches with sand.

•

Incorporating storm water drains into the groyne and boat ramp.

•

Scraping of sand for beach nourishment from the berm to the north of the Fitness Camp.

15

Reconstruction of existing sea walls
The reconstruction of the existing seawalls will take place by excavating a trench in the sand at the base
of the walls to form a proper footing. The walls will then be rebuilt using the existing stone and topped
with additional rock from a local quarry.·
The rebuilding of the walls themselves will not have any effect upon the marine community of the moat·
and outer barrier because construction will take place at a level devoid of large numbers of marine
organisms. The most common organisms inhabiting the simd at the foot of the existing sea walls are
the two species of ghost crab (Ocypode ceratophthalma and O. cordimana). These organisms will
re-establish themselves in the area after the completion of the work quite readily.

Construction of the rock groyne and boat ramp
The largest new structures to be built as part of the beach management programme are the groyne
and boat ramp. Both these structures will also have storm water outfalls incorporated within them.

The groyne
. The proposed groyne will be approximately 100 metres long from the existing escarpment and will be .
oriented at right angles to the existing shore line. This means that it will reach half way to the edge of
the outer barrier of the moat.
.
During the construction phase rock will be placed on the bed of the moat progressively from trucks until
the structure is formed. A storm water outfall will be constructed and burded in the groyne. Construction
of the groyne will bury an area approximately 100 m by 30 m of the moat which is presently occupied.
by marine organisms.
.
.
Once the groyne is constructed itwill begin to serve its purpose which is to retain sand on the shoreline
to the south of the structure. The source of the sand will be from the proposed nourishment programme .
and from sand which is being washed over the outer barrier into the moat during certain weather and
sea conditions. This sand will eventually cover the rock sea walls and form a beach extending seawards .
around 30 metres at its northern end and perhaps 10 metres at the proposed boat ramp. This sand will
cover a significant proportion of the area which .is at present permanently submerged and partly
occupied by the zone of exposed peat arid estuarine clay and the sand-filled boulder zone. This
represents a considerable loss· of rocky habitat but the covering of the peat with sand will halt the
continuing erosion of its leading .edge. The covering of the edge of the peat with sand will also eliminate
an extensive submarine ledge (0.75 m high and 1 metre deep) that acts as a refuge for large fish such
as the Blue (groper) wrasse.
On the positive side, the groyne will quickly become an important habitat for a host of benthic animals
and plants as well as fish of many species. Wherever groynes and sea walls have been built along the
NSW coast they have become undisputed marine ecological treasure houses. The great diversity of
habitat types that they provide is the key to their ecological success. There are shallow and deep caves
and crevices; vertical, inclined and horizontal surfaces; lighted, shaded and dark areas; underhangs
and overhangs; intertidal and subtidal areas.
The incorporation of the existing storm water outfall into the groyne will prevent storm run-off washing
sand from the beach as occurs at present. It will also carry freshwater into the midst of a fully marine
community. The ecological effect of this freshwater is considered to be negligible as the existing storm
. water outfall does not appear to have altered the structure of the benthic community of the moat in any
visible way.
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The boat ramp .
It is not proposed to construct a formal boat at the site of the second groyne (that is, the area where
boats may be launched at present). In this area a structure will be built to fulfil the following purposes..
•

To raise the height of the current lowered access through the dune;

•

To provide a structure to take the stormwater pipe below low water; and

•

To limit the movement of sand along the shoreline from south to north and from north to south.

The abovementioned structure will be built in such a way that will still permit local people to launch and
recover their boats from this site and the area may still be used as a safe swimming area.
This Structure will cover an area of what is presently bare sand. This sand is bare because over the
years local people have removed all the scattered rock to one or other side to create a safe swimming
area and rock free approach to the boat launching area This sand is inhabited by large numbers of
small crustaceans. The proposed structure, then, will reduce the habitat of these small infauna species .
. while providing additional rocky habitat for other marine organisms.

. Realignment of the seawall at the southern end
.

.

At the southern end of the moat there has been considerable erosion of the foredune. Over the past
50 years around 50 m of land has been lost. It is proposed to realign the wall to the 1940's shoreline
along the property boundaries;
.
Realignment of the wall will take it through a section of the moat which has the lowest wave climate,
least sand scour and the richest ecology. At least half of this area will be lost when the landward side
of the wall is filled to restore seaside properties. However, this area did not exist priofto the erosion
over the past 50 years. The work will, in essence, wind back the clock.
Some of the lost rocky habitat will be replaced by the structure of the wall itself.

Nourishment of the beaches with sand
It is proposed to deposit some 30,000 cubic metres of sand on the beaches to raise their level and to
bury the sea walls between the groyne and the realigned section to the south of the site (Figure 1).
Most of this sand will lie on and above the existing intertidal zone and will, therefore,. not eliminate much
rocky habitat. At the southern end however, the presently exposed peat and estuarine clay and some
rocky habitat will be buried under sand.
On the positive side, the intertidal and subtidal sections of the sheltered sandy beach will be colonised
by large numbers of small crustaceans and polychaete worms. These organisms will act as food for
fish such as flathead and whiting.
.

.'

The sand source on Seven Mile Beach
Sand for the nourishment of beaches within the study area will be scraped off the berm of Seven Mile
Beach to the north of the Fitness Camp. This area of the beach is presently well supplied with sand.
There is evidence that it was, in the recent past, eroded back some 30 - 50 metres from its present high

17

tide marie There is still a pronounced erosion scarp shorewards of the existing Spinifex and Bitu Bush
(Figure 5).
The removal of sand from this area of the beach is probably acceptable at present as long as the Spinifex
cover is not disturbed. It is recommended that the 30,000 cubic metres of sand required for beach
nourishment be collected from the surface half metre over a relatively.long section of beach. Whether
removal of the sand from the berm will be seen as a good idea in the future remains in doubt particularly'
if there is another episode of erosion like the one that left the scarp. If no building near the beach front
is permitted, now or in the future, any subsequent erosion may be economically unimportant.
The only marine organisms inhabiting the sand above high tide mark are ghost crabs. Removal of the
upper half metre of sand will not greatly disturb these animals as they live in burrows more than 1 metre
.
deep.
The area landwards of the berm is considered by the National Parks and Wildlife Service to be a potential
breeding ground for the Pied oystercatcher (Haematopus longirostiis). This species of bird occurs right
around the coast of Australiaand breeds for August to January. It is not known precisely when the birds
in the Lennox Head area breed. In view of this, it is recommended that the scraping of sand from the
berm be carried out from February to August (it is considered unlikely that birds at the latitude of Lennox
Head would have begun breeding as early as August).
.

Further issues of concern

N.S.W. Fisheries and Agriculture
In their letter (F89/10703 6063) to Geomarine dated 16/11/89, the following issues were raised
concening marine ecology and fisheries.
•

Access for commercial and recreational fishermen;

•

The presence of recognised fishing grounds such as hauling grounds.

Access for fishermen
The proposal as outlined in this report will not restrict the access of fishermen to the area in any way
or prevent the launching of boats from the beach enclosed by the moat.

Presence of reconised fishing grounds
The area under consideration is riot a net hauling area for commercial fishermen but is a recognised
bait catching area for recreational fishermen and perhaps commercial fishermen. The bait gathered is
known locally as rock worms.
These.·rock worms are the various species of large polychaete worms that inhabit the area. They are
most commbn under and around rocks of the outer section of the moat and on the outer barrier. They.
are adapted to periodic changes in the depth of sand as are most of the organisms living in the area.
The beach nourishment and reconstruction programme envisaged should not alter sand movement,
over the outer edge of the barrier or in the seaward half of the moat. Therefore, it is unlikely that the
populations of polychaete species will be affected by the proposal. What will affect the population of
rock worms, however, is over·collection.

