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Executive Summary

EXECUTIVE:SUMMARY

The Grey Nurse Shark, Carcharias taurus belongs to the Family Odontaspididae and occurs in
coastal waters off the NSW and southern Qld and south-west WA. The shark is also found off South
Africa and North America where it is respectively known as the “spotted ragged—'tooth shark” and the
“sand tiger shark”, The sharks are often found in or ‘near gutters and caverns around inshore rocky

reefs and islands.

The Grey Nurse Shark is a slow, strong swimming shark with a large body and attains a maximum
length of 320 cm. Little is known about the biology and ecology of the species in Australian waters
and what is understood has been inferred from studies in South Africa and North America.

Male Grey Nurse Sharks mature at approximately 190 cm and females mature at approximately 220

cm. The Grey Nurse Shark exhibits an ovoviviparous reproductive strategy where there is no
placental connection between the mother and the embryo, instead, the two most advanced
developmentally embryos eat the remaining embryos and then ovulated eggs (a phenomena known
as intra-uterine cannibalism and oviphagy). The gestation period is approximately 9 to 12 months
with two pups, occasionally one and rarely four born per litter. Females reproduce biennially and
thus only one pup is born per female per year on average. Very little is known about the precise
timing of mating and pupping activities and the mlgratory habits of the Grey Nurse Shark
populations in Australian waters.

The Grey Nurse Shark was afforded proteéted status in New South Wales waters 'in71984 as a result
of: (1) a reduction in numbers observed by recreational scuba divers, (2) declining catches by spear

fi shermen (3) declining catches in the beach meshmg programs, and (4) the realisation that the shark |

was not a “man-eater”. Scuba diving and commercial/recreational fishing are the main human .
activities that occur in the habitats utilised by Grey Nurse Sharks. More recently, Grey Nurse Sharks
have been inadvertently caught on demersal se’tlines.

The current project was set up to: (1) quantify the distribution and abundance of Grey Nurse Sharks
along the entire NSW coast, (2) identify and map sites important to the shark in the Manning
onreglon and (3) investigate the potential for declaring the important sites as Marine Protected
Areas to facilitate the recovery and long-term conservation of the species.

At the same time as the pmJect commenced, the Grey Nurse VShark was declared a Threatened
Species with “Vulnerable” status by the NSW Fisheries Scientific Committee under the Threatenecl
Species provisions of the Fisheries Management Acr 1994,

The abundances of Grey Nurse Sharks in the survey were quantified using underwater visual counts
of sharks over a 15 minute period at a range of sites along the NSW and southern QId coastlines.

" The surveys were carried out for a period of approximately 4 weeks and at each site divers recorded
‘the number, sex and size of any Grey Nurse sharks present. They also recorded the presence of

hooks, mating scars, etc. Volunteer recreational scuba divers along the NSW and southern QId coast
also part101pated in these surveys

Numerous sites in the Tweed—Moreton Sheif, Manning Shelf and Hawkesbury Shelf bioregions were
mapped. In doing so, it became apparent that caves, sandy-bottomed and boulder-filled gutters and
large overhangs were crucial habltats utilised by Grey Nurse Sharks '

The 3 coastwide surveys were done in November/December 1998, March/April and June\July 1999,

In survey one, 136 Grey Nurse Sharks were observed across 61 sites along the coast. A total of 106

Environment Australia Project : ' ) Conservation of Grey Nurse Sharfgf, Orway and Parker
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(78% of all sightings) sharks was cbserved at 9 of the 61 sites (15 % of all sites), and no sharks were
‘'sighted at 37 of the 61 sites (61% of all sites). Between 1 and 4 sharks were seen at the remaining 15
of the 61 sites (24% of all sites). Sixty of the 136 (44%) Grey Nurse Sharks observed in survey one
were of a reproductively mature size. For individuals of known sex, only 12 males were of a

~ reproductively mature size, and 34 females were of a reproductively mature size.

In Survey two, 129 Grey Nurse Sharks were observed across 51 sites along the coast. A total of 114

_ (88% of all sightings) sharks was observed at 6 of the 51 sites (12 % of all sites), and no sharks were -
sighted at 35 of the 51 sites (69 % of all sites). Between 1 and 4 sharks were seen at the remaining
10 of the 51 sites (20% of all sites). Sixty-one of the 112 (54%) Grey Nurse Sharks observed in
survey two were of a reproductively mature size. For individuals of known sex, only 14 males were

- of a reproductively mature size, and 42 females were of a reproductively mature size.

In survey three, 207 Grey Nurse Sharks were observed across 50 sites along the coast. A total of 180
(67% of all sightings) sharks was observed at 13 of the 50 sites (26 % of all sites), and no sharks
were sighted at 25 of the 50 sites (50% of all sites). Between 1 and 4 sharks were seen at the
remaining 12 of the 50 sites (24% of all sites). One hundred and twenty-seven out of the 204
(62.3%) Grey Nurse Sharks observed in survey 3 were of a reproductively mature size. For
individuals of known sex, 63 (30.9%) males were of a reproductively mature size, and 42 (20.6%)

5 ' females were of a reproductively mature size.

The results of the surveys showed that the total numbers of sharks were very low suggesting that the
Grey Nurse Shark population in NSW waters has not recovered since it was made a protected species
'in 1984. These results also support the initial declaration of the shark as a threatened species. -

Analysis of the size frequency distributions from surveys 1-3 showed that the Grey Nurse Shark
population exhibited segregation by size and sex. Proportionally more male 1 -2'm and >2 m TL.
Grey Nurse Sharks occurred at Foster and sites to the north and proportionally more females 1 - 2 m
- and > 2 m TL occurred at Seal Rocks and sites to the south. The sex ratios of Grey Nurse Sharks
were significantly biased towards females in surveys 1 and 2. In contrast the sexes were not biased
in survey 3. The biased sex ratios in surveys 1 and 2 is most likely due to segregation of the sexes

rather than an actual dlfference in the abundance’s of males and fernales. _

On subdividing the coastline into northern (i.e. Forster - N. Stradbroke Is.) and southern (ie. Seal
* Rocks - Eden) sections, proportionally more males occurred in the northern section in surveys 1-3.
Tn contrast proportionally more females were observed in the southern section in surveys 1 and 2,

 but in survey 3 there were more females in the north than the south.”

~ The-size and sexual segregation of male and female Grey Nurse Sharks evident during the three
. 'surveys suggests a hypothesised pattern of movement comprising: (1) 2 movement of sexually
- mature males into shallower water in early autumn (April) presumably to mate. They then move
. northwards and appear at the northerly most sites in southern Queensland in July/August; (2) the
movement of sexually mature females and immature sharks of both sexes to the south in spring and
early summer followed by a return to sites north of Forster in the autumn and winter months

- Thenumber of pups observed (i.e. 6 - 14) was less than expected‘(l.e. 34 - 42) based on the numbers
of reproductively mature females. This is cause for concern because: (1) it suggests that the pups

- werg not observed using the existing sampling techniques, or (2) it is possible that a reproductive

failure may have occurred giving an average fecundity of less than 1 pup per annum: a rate that is

oa:t‘ly msuﬁicwnt to sustain a popuIatlon yet alone enable it to recover.

B formatlon from survoys in"1991, 1995 and this study has shown that there has been a significant
' mcrease in the rate of 1n01dental capture of Grey Nurse Sharks on bottom sétlines.

aProject "~ Conservation of Grey Nurse Sharks, Orway and Parker -
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s Ag aresult-of the entire study nine recommendations were made and are listed below.

1. That the status of the Grey Nurse Shark be reviewed with a view to upgrading the status
from VULNERABLE to ENDANGERED.

2. That Green Island, Fish Rock, Cod Grounds, The Pmnacles ‘Big Seal Rock, Little Seal Rock
and Broughton Island be considered for declaration as aquatic reserves to asmst in the long-
term conservation of the Grey Nurse Shark.

3. That further surveys at the various sites along the coast be done to document the short—term
spatial and temporal fluctuations and inter-annual variability in abundance.

4. That the location, timing and number of pups born be quantified to estimate the average rate

* of recruitment. '

5. That estimates of the number of sexually mature females be further quantified and the
location of mating sites be identified. ' '

6. That the timing and direction of migratory movements of Grey Nurse Sharks be quantified
-using tagging techniques.

7. That the proportions of Grey Nurse Sharks repeatedly observed in the surveys be quantified

. using tagging techniques as this will provide an independent assessment of the population
status and an estimate of the total population.
That estimates of the rates of inadvertent capture on bottom setlines be further quantlﬁed
. ‘9. That acoustic tagging techniques be used to document the localised, short-term movements i
as these will determine the efficable size of Marine Protected Areas.

e
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1. INTRODUCTION AND PROJECT OBJECTIVES

1.1 BACKGROUND
A review of the biology of the Grey Nurse Shark (Otway & Parker, 1999) has shown much of the
information concerning the species has been derived from studies in the USA and South Africa.
Furthermore, little is known about the Grey Nurse Shark off New South Wales and southern Queensland-
and this is directly attributable to the absence of any extensive studies on the species. What is known has
been gleaned from a few published studies (Pepperell, 1992; Reid & Krogh, 1992; Gordon, 1993; Krogh,
1994; Pollard ef al., 1996), unpublished reports (e.g. Ecology Lab, 1991; Parker, Unpub.) and anecdotal
accounts (e.g. Garbutt, 1995: Marsh, 1995), the results of which are summarised in Otway and Parker
(1999). There is also little, if any, local information on the distribution and abundance of the species that
could assist with its conservation along the NSW coast. However, to assist the sharks' long-term
conservation, the NSW government declared the Grey Nurse Shark a protected specres in 1984 and, in

| domg so, the shark became the first protected shark in the world

By the early 1990's, two primary sources of information suggested that the Grey Nurse Shark populatron
in NSW coastal waters had not recovered from the indiscriminant spearing that occurred in the 1950's
and 60's. First, the catches of Grey Nurse Shark in the protective mesh nets off beaches in Newcastle,
Sydney and Wollongong had declined to zero by 1980 (Fig. 2.3) and remained at or near this level
-thereafter (Reid & Krogh, 1992; Krogh, 1994 for details ). Second, surveys at Seal Rocks in 1991 and
1995 (see later) indicated that the abundances of Grey Nurse Sharks were well below those documented

in the anecdotal reporl:s of the 1960's (e.g. Cropp, 1964).

In addition to this, more recent anedotal information (e.g. Garbutt, 1995) has shown that Grey Nurse
Sharks have been inadvertently caught on bottom setlines targeting wobbegongs (Orectolobus ornatus
and O. macularus). This has also led to sightings of Grey Nurse Sharks with hooks (and associated wire
traces) embedded in their jaws. The rate of inadvertent capture and its consequences (i.e. rates of
survival/mortality) have not been assessed in detail to date.

Understandably, the continued decline in catches of Grey Nurse Shark in the protective mesh nets, the
reduced abundances compared to the anecdotal reports of the 1960's combined with the inadvertent
“hookings prompted further concern within NSW Fisheries. Consequently, a conservation-related |
- research project was set up by NSW Fisheries with funding from the Natural Heritage Trust under
Envrronment Australia’s Marine Protected Areas Program. This report details the findings of that

reSearch pro;ect

1.2 PROJECT OBJECTIVES
The project has 6 main objectives and these are listed below.

o I ) ‘To review all available information on the brology and ecology of the Grey Nurse Shark, the habrtats
utilised by the shark, the human uses of the main habitats and to highlight those uses that are

' contrary to the 1ong-term conservation of the species,

2) | To repeat the distribution and abundance survey of Grey Nurse Sharks at Seal Rocks and extend itto -
' _South West Rocks. To analyse statistically the results of thls and previous surveys and evaluate the

E _,demgn and efficacy of the survey

3) Tc assess the feasibility of using Marine Protected Areas to assist in conserving “migratory” specres
" such as the Grey Nurse Shark and : :

i f'enment Australia Project R C'onseraation ofGrey Nurse Sh&rks',- Otway and Parker -
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4) To map the habitats utilised by the Grey Nurse Shark in the region surrounding Seal Rocks and
South West Rocks, and identify sites suitable for declaration as Marine Protected Areas.

The scope of the project was expanded after additional funds were provided by Environment Australia to
allow sampling of the entire NSW coast. The objectives of the expanded project are listed below.

" 5) To provide more detailed information about the distribution and abundance of the Grey Nurse Shark
on the east coast of Australia by surveying recreational dive sites where Grey Nurse Sharks had
previously been sighted, from Stradbroke Island in southern Qld to Eden in southern NSW, and ;

6) To undertake additional mapping of the habitats utilised by Grey Nurse Sharks to encompass the p
sites sampled in the Tweed Moreton Shelf and Hawkesbury Shelf Bioregions.

This report presents the findings associated with each of the main objectives. Chapter Two documentsa -~ 3
review of the available literature on the biology and ecology of the Grey Nurse Shark, including the
habitats utilised by the shark and the main human uses of those habitats; Chapter Three presents maps of
the sites surveyed displaying the habitats utilised in the Tweed Moreton Shelf, Manning Shelf and
Hawkesbury Shelf Bioregions; Chapter Four presents the results and analysis of the data collected from
the distribution and abundance surveys conducted at Seal Rocks in 1991, 1995 and 1998 as well as the
data collected for the statewide surveys conducted in November/December 1998, March/Aprit 1999, and &
May/June 1999; Chapter Five discusses the feasibility of using Marine Protected Areas to assist in the b
conservation of the Grey Nurse Shark; and Chapter Six presents the recommendations and final ;
conclusions of the project.

e,
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2. LITERATURE REVIEW

2.1 INTRODUCTION ,

The aim of this review is to outline available mformatlon on the biology and ecology of the Grey Nurse
Shark, including habitats utilised by the shark. Also, this review will describe the human uses of the
main habitats utilised by the Grey Nurse Shark and highlight those uses that are contrary to the long-term

conservation of the species.

The Grey Nurse Shark (Carcharias taurus), belongs to the family Odontaspldldae which has two genera
and four species world wide. Of these, two species are found within Australian waters (Last and
Stevens, 1994). These are the Grey Nurse Shatk and Herbst’s Nurse shark (Odontaspis ferox), both of
which are protected species within New South Wales waters since leglslatlon was gazetted in November

1984 (Pollard ez al., 1996).

2.2 TAXONOMY

The nomenclature surrounding the Odontaspldldae family can be quxte confusmg and several invalid
scientific names for the Grey Nurse Shark are in common usage, including: Triglochis (Muller and
Henle, 1837), Odontaspis (Agassiz, 1838) and Eugomophodus (Gill, 1862). In 1965 the genera .
Carcharias and synonyms of Carcharias were placed on the Official Index of Rejected and Invalid
Generic Names in Zoology by the International Commission of Zoological Nomenclature (Paxton ef al,
1989). These genera were suppressed as it was thought that the genera Carcharias and Odontaspis, the
other genus in the family Odontaspididae, were congeneric (Compagno, 1984). Later it was determined
that the two type species identified were not congeneric so in 1987 the commission reinstated the genus

- Carcharias (Paxton etal., 1989)

The wide distrjbutlon of the species in the Indlan Pacific and Atlantic occans has led to the use of
several specific names mcludmg tawrus, americanus, tricuspidatus (Bass et al., 1975), cinerea (Last and
Stevens, 1994) or arenarias (Britannica On-line). It is now generally accepted that they all refer to the
same species. The correct smen’uﬁc name for the spemes is Carcharias taurus.

2.3 BIOLOGY

To date most of the information on the species has been obtained from studies undertaken in the USA'
and South Africa, and the biology of the Grey Nurse Shark in Australian waters is not well known. The
limited information on the population along the east coast of Australia is restricted to catch records fmm
" beach meshing programs (Reid and Krogh, 1994; Krogh, 1992), popular accounts in diving and fishing

- magazines (e.g. Ireland, 1984; Harding, 1990; Aitken, 1991) and somie small localised surveys (Pollard

etal., 1996).

2 3.1 DESCRIPTION

Grey Nurse Sharks (Fig. 2.1) have large fusiform bodies (i.e. tapered at both ends), w1th a conical snout
and small eyes. The nictitating membrane of the eye, common in many other sharks, is not present in
Odontaspld sharks (Last and Stevens, 1994). The shark has two large spineless dorsal fins of similar
size. The mouth extends beyond the front of the.¢yes and contains long slender lanceolate (spear-
shaped) testh with single cusplets (lateral projections). The caudal (tail) fin is strongly heterocercal with
the top [obe being larger than the bottom. The dorsal surface of the shark is bronze coloured and the
underside is paler. Juveniles have dark spots on the posterior half of the body and on the caudal fin,

. These spots fade as the shark becomes larger, but they are sometlmes still evident on adults (Last and
Stevens, 1994; Pollard et al., 1996) (F1g 2.1).

* Evvivonment Australia Proféc-t- - A Co}zser;vat:‘on of Grey Nurse Sharks, Otwayand Parker -
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Figure 2.1. Grey Nurse Shark, Carcharias taurus (From: Last and Stevens, 1994),

The Grey Nurse is a slow, strong swimming shark that is often seen hovering motionless near the bottom
(Bass ef al., 1975; Compagno, 1984; Last and Stevens, 1994; Pollard et al., 1996; CIiff, unpub.).
Feldmeth and Wagoner (1972) have observed C. taurus hovering motionless in an aquarium in South
Africa. They attribute the species unique buoyancy control to air being held in the stomach, which is
thought to be swallowed at the surface, allowing the shark to achieve almost neutral buoyancy. Tt is
unclear whether this method of bitoyancy control is utilised by non-captive individuals.

2.3.2 SIZE :

The maximum length of the Grey Nurse Shark differs between the sexes with females attaining a greater

length than males, The maximum lengths recorded are 318 cm and 257 cm for females and males,
respectiVely (Bigelow and Schroeder, 1953; Bass et al., 1975; Gilmore et al., 1983; Compagno, 1984;
‘Branstetter and Musick, 1994). It has been suggested (Smith, 1949) that the maximum length for the
species could be up to 457 cm. This suggestion was rightly questioned by Bass et al. (1975) who -
concluded that a shark of this length would have been a sighting of the Herbst Nurse Shark (Odontmpzs
Jferox) Wh]C-h is very similar in morphology and colouration but attains a greater length

233 AGE & GROWTH -

Estimates of age and growth for the Grey Nurse Shark have been obtained from captive sharks held in
aquaria in Florida, USA (Schmid e? al., 1990) and Durban, South Africa (Govender et al., 1991), and
wild specimens captured from the NW Atlantic Ocean (Branstetter and Musick, 1994). Schmid ez af.,
(1990) measured and weighed male and female Grey Nurse Sharks (n = 16) over a period of 16 months.
They found that juvenile and adult Grey Nurse Sharks in captivity grew rapidly at a rate of 23-25.
cm/year, but once sexually-mature growth slowed to less than 10 cm/year. _

- Govender et al. (1991) measured the lengths of captive sharks of known age from photographs. In
- contrast, Branstetter and Musick (1994) counted the number of growth bands in sagittally-sectioned,
vertebral centra to determine age, but this technique was not validated using tetracycline marking
methads. The age and growth data obtained in the two studies differed and was attributed to the slower
growth of the males in the Durban aquarium (Branstetter and Musick, 1994 and Table 2.1 for details).

In the NW Atlantic, Grey Nurse Sharks exhibited two distinctive periods of growth within in the same
_year as evidenced by single growth bands in Winter and Summer (Branstetier and Musick, 1994).
Desplte the slightly greater summer growth, the similarity in growth may be due to the north-south
migratory patterns in combination with differential availability of food. Growth of wild Grey Nurse
Sharks is relatively rapid and growth ratés determined by Branstetter and Musick (1994) are provided in
Table 2.1. The longevity of Grey Nurse Sharks was estimated at 30 and 35 years for males and females,

_ respectwely
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Table 2.1. Growth rates of the Grey Nurse Shark (After: Branstetter and Musick, 1994),

Life History.St"age | Age (yr) Growth Rate (cm/y?-)
Juvenile 01 25-30
Juvenile 2-3 | 20-25

Sub adult/Adult 4-5 15-20
Sub adult/Adult | _ 6-7 _ 10-15
Ak > | 510

To date no age and growth studxes have been published on wild or captive Grey Nurse Sharks in
Australia. ‘

2.3.4 REPRODUCTION

The reproductive biology of the Grey Nurse Shark has been well documented (e.g. Springer, 1948; Bass -
et al., 1975; Gilmore et al., 1983; Branstetter and Musick, 1994) and is regarded as one of the most :
unusual reproductive strategies used by sharks (Gilbert, 1981). The first account was based on the
dissection of a récently captured female with two advanced embryos still alive inside (Springer, 1948).
Subsequently, Gilmore et al. (1983) described the early reproductive activity and embryonic
development more extensively. These reproductive studies have shown that the Grey Nurse Shark is
ovoviviparous with only one or two pups (rarely four) born per litter. The female has no placental ;
connection (as with the carcharhinids), instead the two most advanced embryos eat the remaining
embryos and developing eggs (a phenomena known as infra-uterine cannibalism and oviphagy - Stead,
1963; Bass et al., 1975; Gilmore et al., 1983; Compagno, 1984). The gestation period of C. tauriss can
last from 9 to 12 months with parturition occurring when the pups are apprOXImately 100 em in length
(Bass et al., 1975; Gilmore et al., 1983). Cliff (unpub.) described a unique hydroid growth (Amphisbetia
aperculata and Plumudaria sp.) on the teeth of females during the gestation period in South Africa.. He
suggested that the female sharks may go for long perlods without feedmg -

Estimates of the age at sexual maturlty (Table 2. 2) were obtalned with- Iength at age data from Von
Bertanlanffy growth curves (Branstetter and Musick, 1994) using lengths of 190-195 cm and 220-230 cm
for males and females, respectively as these were considered to be the lengths at which the species

reached maturity (Gilmore et-al.,. 1983).

Fable2.2.  Age at sexual maturity of Grey Nurse Sharks (After Gllmore et al, 1983 and
‘ Branstetter and Mus1ck 1994) .

Sex | Length (cm) | Age (yr)-
Male 190195 | 4
Female i 220230 | 6

_Enwironmeﬁi‘ Australia Project ~ Conservation of Grey Nurse. Sharls, Otway and Parker
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The embryonic development of Grey Nurse Sharks has been described by Gilmore et al. (1983) after
examination of 26 captured pregnant females. They were able to classify the intrauterine developmental
stages and assign a time period to each developmental stage according to the date of capture of the

female (Table 2.3).

Table 2.3. Timing of Embryonic Development of the Grey Nurse Shark (After: Gilmore

etal, 1983)
| Development Stage ' Embrye Length Time of Year
: (mm TL})
Early Gonadal and Embryonic ' 0-60 January to September
Post Hatch and Intrauterine - 60-334 June to September
Cannibalism ' :
Late Gestation, Post-cannibalistic, 334-1000 - September to March
‘Oophagous, Pre-parturition
Parturition 1006 - 1200 ' December to March

Gilmore (1993) suggested that reproduction of the Grey Nurse Shark occurs anrmally with no resting
stage. However, Branstetter and Musick (1994) have shown that Grey Nurse Sharks in the NW At!antlo
‘ocean (i.e. off the USA) reproduce biennially and have a resting stage. Their work was based on the

analysis of uteri from 56 captured females. Twenty nine of these were mature and did not contain any

eggs or embryos at the time of capture {(May to October), only egg follicles were present, indicating that
these females were captured during a reproductive resting phase. CIiff (unpub.} also concluded that
females along the east coast of South Africa reproduce biennially after examining sexually inactive
females that had been tagged and recaptured. Given that the Grey Nurse Shark only produces two pups
per litter every two > years, the spec1es is highly vulnerable to human induced pressures.

Mating of the Grey Nurse Shark in South African waters has been described by Cliff (unpub.) as
occurring between late October and the end of November with the females giving birth during the winter
months. The timing of mating and pupping of the Grey Nurse Shark off the Florida coast, USA was
described by Gilmore et al. (1993). They established that winter/spring was the breeding period and
parturition was occurring between December and March. While some preliminary observations of pre-
copulatory behaviour have been made nothmg substantial has been documented with mdmduals in the

‘wild.

2.3.41 InAustralia ,

Very little is known about the premse tlmmg of mating and puppmg of C. faurus populations in

- Australian waters. However, pre-copulatory behaviour of captive C. taurus has been observed by.
‘workers at Oceanworld Manly, Sydney, Australia (Gordon, 1993). Divers in the Solitary Islands Marine
Park have observed a single display of pre-copulatory behaviour of the species in the wild (Pickering and

“ Wilkinson, pers. comm.). On both occasions the male was observed biting and gripping the female
around the pectoral fin. The ferocity of copuIa‘uon was not recorded for the sharks held in capt1v1ty, but
wild sharks have been observed violently thrashing around on the sea bed.-Many sharks have been
observed at Brooms Head durmg the months of March and April with mating scars, bite marks around
the pectoral fins and head area (D. White, pers comm.).

T é'?c;:;q..s'é?;vati.on of Grey Nume'Sharks', .Otway and .Parker
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2.4 DIET AND FEEDING ‘

Grey Nurse Sharks feed on a variety of teleost fishes (e.g. kingfish, bream, morwong), smaller sharks,
rays, squid, and crustaceans (Last and Stevens, 1994; Pollard et al.,, 1996). A study on the feeding habits
of captive Grey Nurse Sharks at Sea World Florida revealed that they consumed an average of 1.9% of
their own body weight per week (Schimid ef al,, 1990). Observations also suggest that schools of Grey
Nurse Sharks feed cooperatively by bunching up schooling prey before feeding on them (Compagno,
1984; Ireland, 1984). Ireland (1984) also suggested that Grey Nurse Sharks have a definite feeding order,
with the most dominant shark feeding first, but thoso observations have not been substantiated by other

observers. -

2.5 BEHAVIOUR

Over the years, scuba divers have spent hours observing the behaviour of Grey Nurse Sharks in the wild
and in captivity. The shark is timid, usually difficult to approach, and will often leave the area when
disturbed (Ireland, 1984; Bioskos, 1985; G. P1okermg, pers. comm.). However, a survey undertaken in
northern New South Wales found that if the species is not disturbed they-are curious animals and are not
upset by scuba divers (Parker, unpub.). Other behavioural observations have been made on individuals
inhabiting a rocky reef off Sydney by professmnal divers (see Ireland, 1984 for further detalls)

2.6 MIGRATORY MOVEMENTS

2.6.1 WORLD

Several studies have been undertaken around the world on the migratory habits of the Grey Nurse Shark.
Most authors have inferred linkages between migratory movements and breeding activities. The
migratory movements of the species may also be a function of the species moving to be within a
preferred water temperature range (Branstetter and Musick, 1994; Parker, unpub.), or following
migrating food sources (T. Byron, pers. comm.). The migration of Grey Nurse Shark populations around
the world has been generalised by Compagno (1984). He considered that pronounced poleward
mlgratxons occur in summer and equatorial movements ocour i in autumn and winter.

Studies undertaken in the USA {(e.g. Gi]more et al 1983; Schmid et al., 1990; Branstetter and Musick,
1994) have documented the migratory habits of the Grey Nurse Shark and shown that northward
 movements occur along the east coast each spring with females occupymg summer gestation grounds as
- far north as the Gulf of Maine. This is followed by a return journey in Autumn to winter pupping _
grounds located in the south-(Bigelow and Schroeder, 1953). Gilmore et al. (1983) suggzésted that groups
of female Grey Nurse Sharks undertake migratory movements for breeding, gestation and-parturition. '
- They also suggested that coordinated breeding activities and post-breedmg mlgratlons occurred. These
conclusions were drawn from the examination of females carrying embryos in the same state.of
development and captured contemporaneously at the same location. The migratory movements of Grey
- Nurse Sharks along the US east coast can be generalised as northward (poleward) movements occurring
- in‘the summer and southward (equatonal) movements oceurring in the winter.
_ Studles of the Grey Nurse Shark on the eastern coast of South Africa. (Cliff, unpub.) have descrlbed the
- migratory habits of females and to a lésser extent of males throughout the breeding season.. Most of the
' mfonnatmn was derived from beach meshmg prograris and observations of tagged sharks

'The femaies moved northward in sprmg to the mating grounds around Durba.n with copulation occurring
from October to November. They continued northwards to “gestation grounds™ where they spent the ‘
-summer. 1t is here that sharks have been seen with hydroid growths on their teeth. In late autumn,
pregnant. females move southward towards the winter pupping grounds but the movements of male Grey
‘Nursg Sharks are poorly understood. In South’ Afrlcan waters the species generaily move northward

' (equatorlal) in summer and southward (poleward) in winter.

vivonment Australia Project Conservation of Grey Nurse Sharks, Otway and Parker
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The movements of Grey Nurse Sharks off the east coast of the USA concur with Compagno (1984).
However, South African populations exhibit contrary movements. The contradictory movements may
indicate that the migration of the Grey Nurse Shark is influenced by more than one factor. As a result
more widespread research needs to be undertaken into the migratory movements of the Grey Nurse
Shark, taking into account all env1ronmenta1 influences that may affect the species.

2.6.2 SE AUSTRALIA

Relatively little is known about the migratory hablts of Grey Nurse Sharks in'SE Australian waters. A
study undertaken on the abundance of the species on the northern New South Wales coastline (Parker,
unpub.) found a pattern that suggested migratory movements. The pattern appeared to agree with the
generalised world migrational moverments suggested by Compagno (1984). It has been hypothesised that

" these movements are in response to water temperatures (Reid and Krogh, 1992; Hoppen, 1997a). Data

from the beach meshing programs (Krogh, 1994; Reid and Krogh, 1992) and movements of tagged

sharks from records of gamefish anglers in NSW (Pepperell, 1992) provide further evidence in support of
p0531ble migratory habits. Cleatly, more information is required to test hypotheses concerning the
movements of the Grey Nurse Shark in SE Australian waters.

2.7 DISTRIBUTION

2.7.1 WORLD

-The distribution of C. faurus seems to be fairly well understood and extensively documented (e.g.

Compango, 1984; Last and Stevens, 1994). The Grey Nurse Shark is found primarily in sub-tropical to
cool temperate inshore waters around the main continental landmasses, except in the eastern Pacific

Ocean off North and South America (Fig. 2.2).

Figure 22 Worldw_ide distribution of Carcharias taurus (From: Last and Stevens, 1994).

2.7.2 AUSTRALIA

’ The Grey Nurse Shark has been recorded from Mooloolaba in Southern Queensland around the greater |

part of the southern half of the coritinent and northwards to Shark Bay i in Western Austraha (Last and

it dystralia Projebt- " Conservation of Grey Nurse.SharkS', Omway and Parke}'
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Stevens, 1994). The species is rare in Tasmanian waters, but Grey Nurse Sharks have been caught in the
Arafura sea off the Northern Territory by Taiwanese longliners (Read and Ward, 1986).

2.8 ABUNDANCE IN SE AUSTRALIA

The spatial and temporal patterns of abundance of the Grey Nurse Shark in SE Austraha is poorly

understood. However, some data do exist for the abundance of this species in New South Wales waters.
These are:

1. the NSW beach meshmg programs (Reid: and ngh 1992; Krogh 1994)

2. log books of gamefish anglers (Pepperell, 1992),

3. a small survey in the Solitary Islands Aquatic Reserve (now a Marine Park) and adjacent areas in

1992-1993 (Pickering and Wilkinson, unpub.),
4, asurvey at Seal Rocks in 1991 (Pollard ez al., 1996),
5. a study in northern NSW waters in 1996-1997 (Parker, unpub.), and

6. diver sightings of Grey Nurse Sharks in NSW.
Most of these surveys have been undertaken on a small spatial scale over a relatlvely short period of timie

- and are on a localised scale. Thus, there is very little information concerning the actual abundance of -
Grey Nurse Sharks along the SE Australian coast. The details from each source will be discussed in

more detail below.

2.8.1 BEACH MESHING PROGRAMS AND GAMEFISH ANGLER RECORDS

The NSW beach meshing program was initiated in the 1930s to protect bathers from shark attack at

beaches in the Wollongong, Sydney and Newecastle areas (Reid and Krogh, 1992). Grey Nurse Sharks

comprlsed 3.7% of the total caich of the NSW beach meshing program between 1950 and 1990 (Reid

~ and Krogh, 1992). Moreover, the number of Grey Nurse Sharks declined over the period 1950-1990
(Table 2.4). While other species of sharks have also declined in the NSW beach meshing program, the

decline in numbers of Grey Nurse Sharks weuld appear to be far greater than all other species. Finally,

the effort (i.e. number of beaches meshed) has increased sporadically smce meshmg began in the 1930s..

Table 2.4. Number (percentage) of Grey Nurse Sharks caught in the beach meshing nets for
the Newcastle, Sydney and Wollongong regions for the periods 1950-72 and

1972-90 (After: Reid and Krogh, 1992).

'LOCATION 1950-1972 1972-1990
Newcastle 202(717%) | | 52(24%)
Sydney - 46 (28%) 133 (1.4%)
‘Wollongong . SR 36 (8.4%) O - 0(0.0%)

‘ The total numbers of Grey Nurse Sharks caught in the nets of the protective beach meshiné pregram
(Fig. 2.3) was greatest during the 1950s when up to 36 Grey Nurse Sharks were meshed per year. This
_declined to a maximum of 3 Grey Nurse Sharks meshed per year in the 1980s. _

tent Australia Project ~Conservation of Grey Nurse Sharks, Otwey and Parker
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Figﬁre 2.3. Decline in the numbers of Grey Nurse Sharks caught in shark meshing nets in the

Newcastle/Sydney/Wollongong regions from 1950-1990 (From: Pollard e al., 1996).
Over a similar period (i.e. 1961-1990), larger numbers of Grey Nurse Sharks were taken by gamefish ?
anglers, than the beach meshing programs, with the 406 Grey Nurse Sharks representing 5% of the total g

recorded catch of sharks (Pepperell, 1992).

2.8.2 SURVEYATSOLITARYISLANDSAQUATICRESERVE (NOW MARINE PARI()

The abundance  of Grey Nurse Sharks was quantlﬁed by the Solitary Islands Underwater Research

- Group over a period of 16 months from June 1992 through to October 1993. In total 144 Grey Nurse
Shark were rec_orded from 33 sightings at scuba diving sites within the Solitary Islands Aquatic Reserve.
The sharks were sighted in water temperatures ranging from 16 to 239C and their abundance’s exhibited
seasonal patterns, with greatest numbers occurring in Winter/Spring (Fig. 2.4).
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Figure2.4. ~ Seasonal abundance of Grey Nurse Sharks in the Soli’tary Islands Aquatic Reserve
' from Winter 1992 to Spring 1993 (From: Pickering and Wilkinson, unpub.)..

o Environment Australia Project A . Conservation of Grey Nurse Sharks, Otway and Parker
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2.8.3 SURVEYING AT SEAL ROCKS

The abundance’s of Grey Nurse Sharks were quantified at Seal Rocks in November 1991. Four scuba
diving sites were surveyed, and these included: Skeleton Rocks, Big Seal Rock, Little Seal Rock and
‘Edith Breaker. Replicate timed counts (15 minutes each) were carried out in the morning and in the
afternoon at each site. Counts were made of the total number of Grey Nurse Sharks observed. The
‘survey (Fig. 2.5) showed that the majority of the sharks were seen during the morning at Little Seal
Rock, but the sharks were sighted in other aréas.
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: ~ Seal  Breaker

Location

. Figure2.5.  Mean number of Grey Nurse Sharks observed during inoming (shaded) and afternoon

(unshaded) surveys at four sites at Seal Rocks in November 1991 (From: Pollard et al,
1996). :

2.8.4 STUDY IN NORTHERN NSW |

The abundance’s of Grey Nurse Sharks were quantified over 15 months (August 1996 to October 1997)
in northern NSW (Byron Bay to South West Rocks). The information obtained in the survey provided an
insight into the frequency and seasonality of shark. mghtlngs at popular dive sites in northern NSW (Fi 1g
2.6).

Fig. 2.6 infers movements of the species in the northern waters of their range along the NSW coast. The
presence of the species in the north during the winter and the absence of the species in the area studied
~(northern NSW) during the summer may indicate a coastwide mlgratlon of the species is occurring. The
pattem suggests that the sharks spend summer in the south and winter in the north. This is further
supported by anecdotal information from sightings of Grey Nurse Sharks in southern waters over late '
Spring to Suminer with a subsequent dlsappearance in Autumn ($ee Table 2.5).

Pa.rker {unpub. data) also suggested that temperature played an 1mportant role in possible migratery
movements. The Grey Nurse Shark appears to have a strong preference for water temperatures between

- 1710269C (Fig. 2.7).

_ E@iﬁérﬁﬁ;ehtﬁustraﬁaProject . " Conservation of Grey Nurse Sharks, Otwm) and Parker -
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Figui‘é 2.6. The frequency of Grey Nurse Sharks sighted in the major diving regions in northern -
NSW waters 6ver a 15 month penod (From: Parker, unpub. data).
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2.8.5 DIVER SIGHTINGS OF GREYNURSESHARKY
For the purpose of this review, preliminary anecdotal information has been gathered to determine the

locations where sharks have been sighted in prev10us years These locations are d1splayed in Table 2.5

25 26 .

Abundance of Grey Nurse Sharks 31ghted in relation to water temperature

and Fig. 2.8.
Table 2.5. Locat:ons of Grey Nurse Sharks sightings in previous years in NSW.
BIOREGION . LOCATION , STTE NAME TYPICAL TIME OF YR
(IMCRA, 1998) S HABITAT SIGHTED
Tweed- Brxsbane North Stradbroke Is. | Gutters Jul-Oct (J)
Moreton | Tweed Heads - | Nine Mile Reef Gutters - Jun-Aug(B)
S Cook Island Gutters Jun-Aug(B)
Byron Bay Julian Rocks Gutters Jun=Jul (A)
o Spot X Pinnacles/Gutters | Jun-Jul (A)
Evans Head Riordan Shoals Gutter -
Brooms Head Freeburn Rock Gutter -
Pimpernel Rock Cavern and Nov-Apr (C)
: _ Gutters o .
N W Solitary Is. | “E Gutters” Gutters -Periodic (C)
N Solitary Is: Anemone Bay Gutters Periodic (C)
S Solitary Is. Manta Arch ' Gutters/Overhangs' Jun-Dec (F)
= I _-{ The Big Arch Overhang | Jun-Dec(F)
_ . Split Solitary Is. | Coral Cove Gutters Jun-Dec(F)
' Manning S W Rocks Fish Rock Cave and Gutters | -
 Shelf Port Macquarie | The Cod Grounds . | Gutters Sep (1)
Mermaid Reef | Gutters -
Forster/Tuncurry | The Pinnacles - Boulders/Gutters | All Year (D)
Seal Rocks Big Seal Rock . Gutter/Cave - -All Year (D)
| Little Seal Rock Gutters/Ledge All Year (D)
Edith Breaker Gutters/ Ledge All Year (D)
Skeleton Rocks Caves Periodic (A)
Nelson Bay Broughton Island Caves/Gutters Apr :

“Bivironment Australid Project

' Conservation of Grey Nurse Sharks, Otway and Parker
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Table 2.5 Cont. Locations of Grey Nurse Sharks sightings in previous years in NSW.

TIME OF YR

BIOREGION LOCATION SITE NAME - TYPICAL
(IMCRA, 1998) ' HABITAT SIGHTED
Hawkesbury Newecastle Samurai Beach - -
Shelf Boat Harbour - -
Swansea Caves Beach Reef | Reef -
Norah Head Hargraves Reef . - -
' Three Mile Reef - - -
Terrigal Foggy Cave Cave Feb-Apr (A)
East Reef Bombora - Feb-Apr (A)
Sydney Hole in the Wall Gutters- All Year (G)
The Wali (Longreef) | Gutters and Caves | Dec-Jan (A)
‘Maroubra Boulders/Gutters | Dec-Jan (A)
Sth Palm Beach Reef | Caves/Gutters Dec-Jan (A)
One Mile Reef | Gutters Dec-Jan (A)
Jibbon Bombora Cave and Gutters | Dec-Jan (A)
Batemans | Wollongong Toothbrush Is. - Gutter -
Shelf Shell Harbour Bass Point Gutters - -
Windang Island Gutters -
Kiama Gerroa Bommie - -
Jervis Bay The Docks Gutters Dec-May (L) .
Boat Harbour Caves Dec-May (L)
Bowen Island Wall Dec-May (L)
Stoney Creek Gutter Dec-May (L)
Drum and Caves Dec-May (L)
Drumsticks : .
Batemans Bay Tollgate Islands Gutters Dec-Apr (E)
: Black Rock Gutters Dec-Apr (E)
| Brush Island Gutters/Pinnacles | Dec-Apr (E)
Narooma Montague Is. Gutters | Gutters Jan-Apr (H)
Montague Is. Cave Gutters and caves | Jan-Apr (H)
Twofold Merimbula Tura Head Gutter Jan-Feb (K)
Shelf Eden ‘| North Head Mewstone Rock Jan-Feb (K)

(A). Byron, (1985); (B) A. Bennett, pers. comm.; (C) Parker (unpub data) (D): D. Kemp, pers. comm.;
(E): D. Harasti, pers. comm.; (F): Pickering and Wilkinson, pers. comm.; (G): Ireland (1994), (H): D
Bond, pers. comm.; (I): S. Warcl pers comm.; (J): Horton (1997) (K): R. McDougall, pers. comm; - (L):

W. Jones pers. comimn.

—

 Environmient Australia Project-r T Conservation of Grey Nurse Sharks, Otway and Parker .
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2.9 HABITATS UTILISED BY GREY NURSE SHARKS .

" The Grey Nurse Shark is a coastal species found on the continental shelf from the surf zone down to at
least 190 m (Compagno, 1984; Klippel, 1992; Last and Stevens, 1994; Pollard et al., 1996). They are

often found in or near deep sandy-bottomed gutters (Goadby, 1968; Grant, 1982; Bicskos, 1985) or in

rocky caves around inshore rocky reefs and islands at depths between 15 and 25 meters (Pollard ez al.,

1996). They are also, on occasion, found throughout the water column (Compagno, 1984).

A recent survey-in Northern New South Wales (Pa:rker unpub ) found that Grey Nurse Sharks were most
commonly sighted in sandy gutters (42% of SIghtmgs) and in large caves or caverns (24% of s1ghtmgs)
(Fig. 2.9.). Further research on the Grey Nurse Shark should take into consideration habltat preferences

and the apparent importance of a preferred water temperature range.
Unknown .
2% Reef
: 17% -

Guitter

40% .
Sand

18%

Cave
' 23%

Percentage frequency of Grey Nurse Sharks sighted in four different environments

Figure 2.9.
(From: Parker, unpub. data).

2.10 HUMAN USAGE OF GREY NURSE SHARK HABITATS
Scuba diving and commercial/recreational fishing are the main human activities that occur in the habitats
utilised by Grey Nurse Sharks. Protective meshing of beaches in Newcastle, Sydney and Wollongong
" has, in the past, caught transitory individuals and thus this activity has the potential to affect the
abundances of Grey Nurse Sharks.

2. 10 1 SCUBA DIVYNG

In recent years “shark diving” has become increasingly popular with scuba divers all over Austraha, with
many divers recounting their experiences in diving magazines (e.g. Harding, 1990; Aitken, 1991; Cairn-
Duff, 1994; Garbutt, 1995; Marsh, 1995; Scott, 1995; Hoppen, 1997a; Baumann, 1997). The emergence
of shark d1v1ng ‘ecotourism as a recrcatxonal activity occurred followmg the realisation that the shark

wasg not a “man-eater”.

The Grey Nurse Shark has becomie a big attraction to scuba divers and increasirg pressure has been
placed on operators to take divers o plaoes where they can encounter the shark. This new wave of
interest may be affecting the shark in unforseen ways and this needs to be assessed. However, if divers
continue to keep their distance whilst diving with the shark, experience would suggest that it is unlikely
 that scuba diving per se will have any detrimental effects on the sharks’ survival.

Environment dustralia Pfojek:t" 7 “Conservation of Grey Nurse Sharks, Otway and Parker
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2.10.2 COMMERCIAL/RECREATIONAL FISHING

The Grey Nurse Shark has not been fished legally as a commercially or recreationally important species
in NSW since it was afforded protected status in 1984. Moreover, published (e.g. Pepperell, 1992) and.
anecdotal accounts indicate that recreational game-fishing for Grey Nurse Sharks ceased before 1984
(i.e. in the late 70°s) because of concerns over their numbers and the fact that they were cons:dered tobe
“most uninteresting and inactive” as a game specxes (Goadby, 1987).

Pollard et al. (1996) quoting Cropp (1964) indicated that spearfishing for the species was a popular sport
during the 1950°s and 1960°s. This sport weakened as declining numbers of the species were observed,
coupled with the growing realisation that the species was not a man-eater (Stevens 1993; Pollard et ai.,

' 1996).

Whilst the species is protected from all fishing activities, aoc1dental hooking is still occurring. Scientists
(e.g: Pollard et al., 1996; Parker, unpub. data) and recreational scuba divers have observed fish hooks
and wire traces embedded in the jaws of Grey Nurse Sharks. Photographic evidence has also been
published in several scuba diving magazines (e.g. Garbutt, 1995; Marsh, 1995; Scott, 1995). Most
recently, staff at Seaworld (Gold Coast, Qld.) observed numerous hooks in the stomach wall of a Grey
Nurse Shark during an autopsy (T. Long;, pers. comm.). Despite these observations, two independent

studies have shown that the rates of hooking appear to be relatively low. First, a survey at Seal Rocks in
1991 (Pollard et al., 1996) showed that only 2% of the sharks observed had fishing gear (e.g. hooks, wire
‘traces, etc.)in thelr mouths. Second, a 15 month study (Parker, unpub. data) covering sites from Byron

Bay (Julian Rocks) to SW Rocks noted that only 4% (i.e. n = 23) of all the Grey Nurse sightings were of

individuals with fishing gear attached to their jaws.

At present, it is unclear whether accidental hooking is having any detrimental effects on Grey Nurse
Sharks. Further research is needed to determine the extent of accidental hooking and the effect that this

‘is having on individual sharks and the population overall.

2.10.3 PROTECTIVE BEACH MESHING | |

As stated earlier, protective meshing commenced in the 1930’s to reduce the chances of a shark attack at
beaches in Newcastle, Sydney and Wollongong. Given that the nets are set off beaches, they clearly do
not target the “preferred’ habitats (e.g. gutters and caves) of the Grey Nurse Shark. Moreover the Grey
Nurse Sharks that have been caught were most likely transitory lndmduals

Whlle the protective beach meshing program has obviously been responsible for the capture of numerous
Grey Nurse Sharks in the past, the extremely low capture rates in recent years will likely continue until
the population increases substantially in the coastal waters of NSW. The continued use of the protective
néts in the long-term will probably have negligible effects. Furthermore, it is NSW Fisheries™ policy that,
where possible, all Grey Nurse Sharks caught in protective nets be transported away from the beaches -
afid released alive. In addition, all released individaals will be tagged to assist with scientific studies
guantlfymg population size, growth rates and migratory movements. In the unhkely event that.
individuals are caught and die in the protective nets; the subsequent autopsies will provide very
necessary biclogical information that will greatly assist in the long- term conservatlon of the Grey Nurse

: ‘Shark

211 CONSERVATION

2111 WORLD : ‘ :
The Grey Nurse Shark is currently listed on the TUCN Red Llst of Threatened Animals as vulnerable
world wide and endangered on the east coast of Australia (Red List Number: VU Alab+2d Sllark
Spemahst Group: World Conservation Momtonng Centre).

"'Eﬁﬁi%hmentAu;s;tmlia:P'roject " Conservation of Grey Nurse Sharks, Otway and Parker -
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.Despite this, the degree of protection afforded the Grey Nurse Shark around the world is limited. In
South Africa the species is currently being decommercialised: it may be caught and kept, but may not be
sold for financial gain (G. Cliff, pers. comm.). Moreover, researchers from the Natal Sharks Board hope

that fishers who catch these sharks will return them to the water.

In the Atlantic the Grey Nurse Shark is being managed under a shark management plan drawn up by the
National Marine Fisheries service (NMF’s). The plan was aimed at reducing catches of sharks by sport
and commercial fisherman. The Grey Nurse Shark (sand tiger as it is known in the USA) is one of five

‘large coastal speciss’ sharks that have been protected from directed fishing by a ruling i in April 1997

(Smullen, 1997).

2.11.2 AUSTRALIA

The Grey Nurse Shark was afforded protected status in New South Wales when legisiation was gazetted
in November 1984. Prior to protection, anecdotal accounts suggested that the abundance of the species

had been severely reduced in SE Australian waters. Pollard (1990) attributed the decline to spearfishing

" . and capture by the protective beach meshing program. Pollard ef al. (1996) argue that there were three
main factors leading to the protection of the Grey Nurse Shark in NSW waters. These were: (1)
declining catches by spearfishermen, (2) declining catches in beach meshing programs and (3) the

' realisation that the species was not responsible for attacks on humans. As a result requests were made to

NSW Flshenes to protect the specws

Protection of the species in State waters is managed under the regulations of the NSW Fisheries
Management Act 1994 . The protection of the species in Commonwealth waters, including the
Australian Fishing Zone and waters above the continental shelf, is carried out under the Endangered

Species Protection Act 1 992 in which the species is listed as “vulnerable’.

‘The Herbst’s Nurse Shark (Odontaspis ferox), a close relatlve of the Grey Nursé Shark, is also protected
under both acts because drstmguzshmg this spemes from the Grey Nurse Shark is difficult (PoIlard etal.,

1996).

2. 11 2.1 Current situation in NSW

The low fecundity of the species coupled with pressures on the species from use of their habitats by
divers and fishers, indicates that continued existence of the species will be ensured when further
strategies other than legislative protection can be provided for the shark.

Many articles have been written arguing that legislative protection is not enough and that habitat
protection is the next step forward (Scott, 1995; Hoppen, 1997b; Marsh, 1995; Garbutt, 1995). Ideally,
particular areas where the sharks tend to corigregate or particular habitats that are essential to the species
life history should be provided with some form of protection. For example, scuba divers at South West
Rocks (a well known shark refuge) noticed continued declines in the abundance of the species in the area
and voiced their concern at a public meeting. As a result a fisheries closure over an area covering a 500
metre radius around Fish Rock was proposed (Alcock, 1996), and declared by NSW Fisheries in July
1995 (Smith, 1995). This closure has been extended until Fuly 2003 (Government Gazette number 115).

. Other areas along the NSW coast may be important to the species, even on a short-term basis (i.e. certain
- months of the year). If these sites can be identified then the Grey Nurse Shark may be provided with

extra protection than is currently granted by the legislation.

Environment Australia Project Conservation of Grey Nurse Sharks, Otway and Parker
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212 CONCLUSIONS AND RECOMMENDATIONS

2.12.1 ABUNDANCE

To date very few quantitative surveys have been done to document the long-term and inter-annual
variation in the abundance of Grey Nurse Sharks. Those surveys that have been done were confined to
small sections of the NSW coast and generally of short duratlon

Clearly, the future conservation and management of the Grey Nurse Shark in NSW waters will depend
on the provision of reliable estimates of abundance. To this end, it will be necessary to ensure that the
spatial and temporal variation in abundance of Grey Nurse Sharks is documented on a regular basis.

This monitoring, if carried out at an appropriate frequency, will also provide information on particular

life-history events such as mating and puppmg

2.12.2 REPRODUCTION, MIGRATIONAND CONSERVATION

The Grey Nurse Shark species is highly vulnerable to human induced pressures because it has a two year
reproductive cycle and generaily only produces two young per litter (Branstetter and Musick, 1994).
Moreover, very little is known about the precise timing of mating and pupping of C. faurus populations
in Australian waters. Any information concerning the reproduction of Australian populations of Grey
Nurse Sharks will make major contributions to the management of the shark, particularly in relation to
protectmg sites that are important in the reproductive cycle of the Grey Nurse Shark.

Future findings on migratory habits may help determine nursery areas and mating grounds of the species
which will enable more informed decisions for effective management of the Grey Nurse Shark in NSW

waters.

2.12.3 HUMAN USAGE OF GREYNURSESMRKMBITAT

There is very little quantitative information about the interactions between Grey Nurse Sharks and scuba
divers. Future research should document the timing and nature of these shark/diver interactions as this
information will assist in assessmg the possible impacts of recreational scuba divers on shark
populations.
Future research will need to determme primary pressures upon the Grey Nurse Shatk and how they can
be dealt with most effectively, as well as establishing the residency status of the species’ in an area. The
importance of particular sites to the population as a whole will also need to be quantified. Once these
have been determined, actions can be recommended to further protect the species. For example, it may

_ be possible to: (1) incorporate some of the important sites into a system of marine protected areas, and/or
(2) use fishing closures at sites where Grey Nurse Sharks are present over restricted period of time, Both
approaches are advantageous in that they meet the conservation needs whilst maintaining ecologxcally

sustainable multiple use.

" ‘Environment Australia Project Conservation of Grey Nurse Sharks, Otway and Parker
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3. GREY NURSE SHARK HABITAT MAPPING

3.1 INTRODUCTION

The aim of the mapping component is to provide detailed information on locations and sites where Grey
Nurse Sharks have been sighted and to provide anecdotal and quantitative information on the occupation
of these sites by Grey Nurse Sharks. The sites surveyed in three Bioregions, Tweed-Moreton Shelf
Bioregion, Manning Shelf Bioregion and the Hawkesbury Shelf Bioregion have been mapped. The maps
show the location of the site in relation to the coast, the nature and characteristics of the habitat (usually
gutter or cave) where the sharks are generally sighted, approximate distance of the site from the coast
and any other unique features of each particular site.

The maps were generated from drawings and computer images submitted by the surveyors of the sites.
Each map was scanned and enhanced using digital technology. Additional information such as depths
and location of gutters and caves were then added to aid in interpretation. The information in the text
accompanying each map provides details concerning: (1) the temporal occupancy of the site by Grey
Nurse Sharks, (2) the approximate depths at which the sharks are generally sighted, (3) the popularity of
the site with recreational scuba divers, and (4) any other relevant information that is unique to each site,
such as, the extent and location of Marine Protected Areas, fishing closures and Aquatic Reserves around
the sites sampled. Maps for the three bioregions are presented in latitudinal order from north to south.

311 T WEED-MORETON BIOREGION

The Tweed-Moreton Bioregion extends from just north of Nambucca Heads (30039°S), northwards into
Queensland. Fifteen sites in the Tweed-Moreton Bioregion were sampled as part of the distribution and
abundance surveys (Table 3.1}. Individual maps have been provided for all 15 sites (Fig. 3.1). ‘

Table 3.1. The sites (and locations) surveyed in the Tweed-Moreton Bioregion. - (*: the site falls
outside the 3 n m state limit. **: the site is near State/C’with boundary). -

Location Sites
Stradbroke Island Flat Rock
Tweed Heéds : Cook Island
' ' Nine Mile Reef *
Alberta Wreck
~ Byron Bay o " Julian Rocks - Cod Hole

Juliar_1 Rocks - Cleaner Cave
Julian Rocks - Hugoes Trench
Mackerel Bc_)wl :

Brooms Head Pimpernel Rock *
North Solitary Islands = Bay of Anemones

‘Wrights Reef **
“E” Gutters

South Sblitary Islands Manta Arch
Shark Gutters
‘Buchannans Wail

mén-t-éusira?ia Projebt _ 7 - Conservation of Grey Nurse Sharks, Otway and Parker
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Figure 3.1. Locations of Grey Nurse Shark survey sites in the Tweed-Moreton Bioregion.
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- B 3.1.1.1 Stradbroke Island

The site where Grey Nurse Sharks are most commonly encountered at Stradbroke Island is known as
‘Flat Rock’. Itis located off the northern tip of North Stradbroke Island (Fig. 3.2) and comprises an
exposed rock with fringing reef and a series of gutters reaching a depth of 25 metres. It is in these
gutters that Grey Nurse Sharks have been sighted. The sharks are mostly sighted in the winter months
with the first sharks generally arriving at Stradbroke Island in July and leaving around late August - early
September. However, in rough weather the sharks disappear and it is assumed that they move to deeper
waters. Recreational scuba divers explore this site on 2 regular basis throughout the year mostly from a

boat which anchors to the reef.

3.1.1.2 Tweed Heads

At Tweed Heads there are three main sites where Grey Nurse Sharks are encountered: Cook Island, Nine
Mile Reef and the Alberta Wreck (Fig. 3.3). The Grey Nurse Sharks are most commonly encountered at
Nine Mile Reef. This reef is located 9 nm directly east of Fingal Head in northern NSW. The sharks are
observed swimming along an 8-12 m sheer wall. Cook Island Nature Reserve is exposed rock with
fringing reef located 700 m off the shore at Fingal Head. The north eastern end of the fringing reef is
composed of bommies and gutters reaching depths of 25 metres. Grey nurse sharks are seen in these

gutters in winter months.

Alberta wreck is located offshore from Kingseliff in northern NSW. Few sharks have been encountered
" at this site but 2 19 m deep gutter directly east of the wreck is an area where Grey Nurse Sharks have
been sighted on previous occasions. Grey nurse sharks occupy this site at similar times to Stradbroke

Island with sightings mainly occurring in the winter months.

3.1.1.3 Byron Bajr

| There are four sites at Byron Bay where divers have encountered Grey Nurse Sharks (Table 3.1).
- i ~ However, Grey Nurse Sharks tend to be most commonly sighted at the ‘Cod Hole’ at Julian Rocks.
E Julian Rocks is a Nature Reserve approximately 2 km offshore from Byron Bay. The waters surrounding
Julian Rocks in a 500 metre radius from the rock’s trigonometric station were declared an Aquatjc
Reserve in March 1982, Recreational scuba diving is undertaken by divers from boats which moor at
g - oneof several moorings provided within the aquatic reserve. The ‘Cod Hole’ is located ‘ori the northern
E . tip of the island and is characterised by a series of gutters and a small cavern where sightings of the
... species are common in the winter months., Also, there is a series of gutters extending from the Cod Hole
in an eastwards direction to the Cleaner Cave where Grey Nurse Sharks are also commonly sighted (Fig.
~ 3.4). These guiters have an average depth of 18 m. The Mackerel Bowl is another site where Grey
~~Nurse Sharks have been encountered, however this site isnot dived as regularly as the sites at Julian
I?;ocks. The Mackerel Bowl is a submerged reef reaching depths of 26 m, approximately 750m north of
Julian Rocks and.is characterised by a series of gutiers where Grey Nurse Sharks have been sighted
ing the winter months. I : ' o

7.”i"r'é}:niéhr-;&.ﬁ&i}dliéijec{ T ; Conservation of Grey Nurse Sharks, Otway.and Parker
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3.1.1.4 Brooms Head

Aggregations of Grey Nurse Sharks have been encountered by scuba divers off Brooms Head at a site
called Pimpernel Rock. Pimpernel Rock is a submerged reef over 3 nautical miles offshore from Sandon
Bluff in the northern section of the Solitary Islands Marine Park (Fig. 3.5). The site is a large pinnacle of
rock that sites in 50 m of water and rises to within 12 m of the sea surface. The site is characterised bya
large cavern approximately 10 to 15 m deep and 20- to 25 m long with gutters extending out from both
entrances of the cavern. Grey niurse sharks are generally seen inside the cavern and in the gutters
fringing the cavern. The species is muinly encountered during autumn, winter and spring with

occasional sightings in summer. Some mating activity has been observed in the months of auturnn: The
waters surrounding Pimpernel Rock is currently zoned as a refuge zone within the Solitary Islands
Marine Park. The zoning plan is currently being reviewed and it is llkely that the area will be zoned asa

sanctuary in the future.

3.1.1.5 The North Solitary Islands

The Northern Solitary Islands are located in the northern section of the Solitary Islands Marine Park and
provide popular scuba diving sites at North Solitary Island and North West Solitary Island (Fig. 3.6).

The Solitary Islands Marine Park stretches along 75km of coastline from Coffs Harbour to the Sandon
River. The area was declared an Aquatic Reserve in 1991 and then a Marine Park in 1997. Grey nurse
sharks can be encountered at several sites in this section of the Park.  The Bay of Anemones is located on
the north eastern tip of North Solitary Island and relatively large numbers of the sharks can be observed
during winter and spring. The site is characterised by a 30 m deep gutter where the sharks are most
frequently sighted. Further south is a submerged reef known as ‘Wrights Reef’. The reef ascends out of
30 m to 18 m and Grey Nurse Sharks can be seen in_gutters and near a small cavern. This site is not
regilarly dived by recreational scuba.divers so the frequency of occurrence of Grey Nurse Sharks at this
site is relatively unknown. Further south at North West Solitary Island a popular site aptly named the ‘E
gutters®. The site comprises a series of gutters shaped like a large E on the south eastern tip of the Island.
Grey nurse sharks have been encountered cruisirnig through these gutters during the latter half of the year.

3.1.1.6 The South Selitary Istands

The Southern Solitary Islands are located in the southern section of the Solitary Islands Marine Park and
- encompasses scuba sites at South Solitary Island. Grey nurse sharks have been seenat South. Solitary
Island at three main sites: the ‘Manta Arch,’ the ‘Shark Gutters’ and ‘Buchannans Wall’ (Fig.3.7). The
Manta Arch and the Shark Gutters are located on the northern tip of the Island. These sités provide a
series of 18 - 25 m deep gutters and a range of overhangs where sharks can be commonly encountered
throughout the winter, spring and early summer months. Buchannans Wall is located around the
southern end of the island and is characterised by a series of 25 m deep gutters running east—west Grey
nurse sharks have sometimes been seen in these gutters. : :

Environment Australia Project - Conservation of Grey Nurse Sharks, Otway and Parker
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3.1.2 MANNING BIOREGION

The Manning Shelf Bioregion extends from just north of Nambucca Heads (30939°S) southwards to
Stockton (32054°5) near Newcastle. There are 16 sites across 5 locations (Fig. 3.8) within the Manning
Shelf Bioregion and these were sampled as part of the distribution and abundance surveys (Table 3.2).
These sites have been mapped and details of Grey Nurse Shark occupancy are provided.

Table 3.2. The sites {(and locations) surveyed in the Manning Shelf Bioregibn

Location Sites
South West Rocks- | Green Island
- Fish Rock Pinnacle
Fish Rock Gutters
Black Rock
Laurieton ' Cod Grounds **

Mermaid Reef (inner and outer)

Forster ~ Latitude Rock
Latitude Reef
The Pinnacle

Seal Rocks Skeleton Rocks
' : Big Seal

© little Seal : g

Edith Breaker (inner and outer) **

Port Stephen_s ' Broughton Island
i - - North Rock
S ‘ - Boondelbah Island
é ** indicates the site is located on the boundary befween State and Commonwealth waters,

ifohmenr Australia Projest- . Conservation ofGrey Nuirse Sh&irlcs,; Otway and Pazjker
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3.12.1 South West Rocks

South West Rocks is a well known area for diving with Grey Nurse Sharks during winter and spring.
Grey nurse sharks frequent two sites around Fish Rock: the ‘Gutters’ and the ‘Pinnacle’ (Fig. 3.9). These
sites provide a good vantage point for observing the sharks in their natural environment. The ‘Pinnacle’
is located on the north eastern side of the island and is comprised of a pinnacle of rock and a series of
gutters with sandy bottoms. The sharks are frequently sighted swimming though the 25 m deep gutters
around the pinnacle. The other site, the ‘gutters’ is located on the southern end of the island. It
comprises a series of gutters running east-west in 18 m of water. The sharks are frequently sighted
swimming through the gutters or hovering near gutter walls. The waters in a 500 m radius around Fish
rock are closed to fishing and have been since July 1995. '

Grey nurse sharks have also been mghted at two other sites at South West Rocks at: Green'Island and
Black Rock. Green Island is a relatively shallow site in 15m of water that has a gutter on the eastern
side. Large numbers of Grey Nurse Sharks have been sighted in this gutter in previous years. Black
Rock is further south and is a smail exposed rocky outcrop with a fringing reef in around 12 m of water.
The fringing reef comprises boulder zones, kelp beds and some smaller gutters where the Grey Nurse

Sharks have been sighted.

3.1.2.2 Laurieton

Laurieton is located south of Port Macquarie on the New South Wales mid north coast. Large
- aggregations of Grey Nurse Sharks have been sighted at two sites: the ‘Cod Grounds’ and ‘Mermaid
‘Reef” (Fig. 3.10). The Cod Grounds is directly east of Perpendicular Point and comprises a series of

three pinnacles rising to approximately 18 m from the sea bed in 40 m of water. The Grey Nurse Sharks _

have been seen in relatively large numbers swimming between the three pinnacles and hovering among
© the pinnacles and boulders during the winter and spring months. Mermaid reef is a large area of reef

. closer to shiore and south of the Cod Grounds. The two main sites where Grey Nurse Sharks have been
seen comprise a series of gutters with sandy bottoms and boulder areas in 8 - 12 m of water. Large
aggregations of Grey Nurse Sharks have been seen at Mermaid Reef in spring, particularly around
September. However, the reef is not a site that is regularly dived by recreational scuba divers, so 11ttle is’

known about their occupancy and activity at this- s1te

3.1.2.3 Forster
Forster is located on the mid north coast east of Taree. Grey nurse sharks have previously been seen at
three sites: The Pinnacle, Latitude Rock and Latitude Reef offshore from Forster (Fig. 3.11). The -
Pinnacle is a pinnacle of rock that rises to approximately 24m from the sea bed in 46m .of water. The
" pinnacle covers a large area and the sharks are sighted in all different areas. The site has a few large
o gutters where Grey Nurse Sharks (in large groups or individuals) are frequently seen hovering and
swimming among the boulders. Latitude Rock is a small shallow (12 m) rocky outcrop close to the shore
where Grey Nurse Sharks have been sighted swimming and hovering among shallow gutters and
overhangs Latitude Reef is a seaward extension of reef from Latitude Rock that comprises of a few
- shallow (14 m) sandy bottomed gutters where small numbers of the shark have been sighted. The sharks '
~ frequent these sites in most months of the year with large aggregatlons occurrmg at the ‘Pinnacle’ in

autumn.’

--E}iﬁi}'o_hmehf Ausiralia Project Conservation ‘of Grey Nurse Sharks, Otway and Parker
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3.1.2.4 Seal Rocks

~Seal Rocks is located on the mid north coast south of Forster. The small fishing village is the gateway to

- popular Grey Nurse Shark dive sites in New South Wales. There are four main areas where Grey Nurse
Sharks have been seen in the Seal Rocks Region. They include, Skeleton Rock, Big Seal, Little Seal and
Edith Breaker (Fig. 3.12). Skeleton Rock is a reef comprising of two pinnacles of rock rising to
approximately 10 meters below the surface from the sea bed in 40 metres of water. . Grey nurse sharks
have been seen at the southern pinnacle previously, but very few aggregations of sharks have been

sighted in recent years. A gutter on the eastern side in deeper water and a shallower overhang and gutter
on the western side are areas where sharks have aiso been sighted. :

Big Seal and Little Seal are two islands offshore from Sugarloaf Point. They are both barren rock
‘outcrops that have extensive surrounding reefs.” Big Seal is the most renown area for diving with Grey
Nurse Sharks, Several decades ago, the species occupied this site in large aggregatrons and sharks were
observed throughout the year. In recent years, only small aggregations of sharks are seen sporadically.
The main site is a large overhang where a number of the sharks can be seen milling around or hovering
under the overhang or swimming along the gutter near the overbang in approximatély 20 m of water.
Little Seal is also a well known site for seeing large aggregations of Grey Nurse Sharks. There are a
series of gutters and large boulders extending from east to west on the northern side of thé island in about
18 m of water. Edith Breaker is a large reef system south of the two islands extending in an east-west
direction. There are a few gutters in this reef system where Grey Nurse Sharks have been sighted in
large numbers. The site in Figure 3.12 shows a gutter running in a north-south direction breaking a ridge
that runs east-west. The gutter is approximately 15 metres deep and almost 10 metres wide, making ita . .
very large gutter. The gutter reaches a depth of 25 metres and also has a small overhang and swim-
through at one end. In previous years, large aggregations of Grey Nurse Sharks have beén seen in this

sandy-bottomed, boulder-filled gutter:

3.1.2.5 Port Stephens -

Port Stephens is the gateway to Broughton Island. There are several sites at Broughton Island that have

_ gutters and overhangs where Grey Nurse Sharks have been seen (Fig. 3.13). The sharks are usually seen
from late summer to winter with large aggregations occurring on occasions. Grey-nurse sharks have

been seen at two other sites: North Broughton Island and Boondelbah Island. North Broughton is a small

island linked into the reef system of Broughton Island and the sharks are usually seen in a gutter on the

eastern side of the island. Boondelbah Istand is just off the north head of Port Stephens. It is a relatively

small island that has a large cove called Safety Bay where Grey Nurse Sharks are Sometunes seen,

E"nﬁif&nﬁemlﬁustraliajﬁ’rojeet T Conservation of Grey Nurse Sharks, Otway and Parker - |
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3.1.3 HAWKESBURY BIOREGION

The Hawkesbury Shelf Bioregion extends from Stockton (32054’S) near Newcastle southwards to
Shellharbour (34035°S) near Wollongong. There are seven sites (Fig. 3.14) that were sampled as part of
the distribution and abundance surveys (Table 3.3). The six sites have been mapped and details of Grey

Nurse Shark occupancy is discussed.

Table 3.3. - The sites (and locations) surveyed in the Hawkesbury Shelf Bioregion

Loecation - Sites

The Central Coast Wybung Reef
' Twin Bommies

Foggy’s Cave

Sydney : Long Reef
Maroubra .
South Marley

3.1.3. 1 Tlle Central Coast

The Central Coast is located north of Sydney. There are three sites: ‘Wybung Reef’, “T'win Bommies’
and ‘Foggy’s Cave’ on the central coast and these have been sampled as part of the distribution and
abundance surveys (Fig. 3.15). Wybung Reef is located off Wybung Head in between Swansea and
Norah Head. The reef is not a regular recreational dive site, arid very little is known about the occupancy
of the sharks at this site. The site is characterised by an 8 m sheer wall in about 40 m of water. There
are large boulders at the base of the walland the sharks havé been sighicd swimming along the base of

the wall and arour_ad the boulders.

The Twin Bommies are located off The Entrance and comprise a series of small rocky reefs. Grey nurse

. sharks are seen in the sandy bottomed gutters in-between the reefs in approximately 14 m of water.
Foggy’s Cave is another dive site off Terrigal where Grey Nurse Sharks are often sighted in autumn and
winter. In previous years, large aggregations were observed at this site, however in recent years, only
one or two sharks are sighted infrequently. The site is characterised by a wall with a seties of overhangs
and a large cave jutting into the wall. The cave entrance is 6 m deep starting at 31 m and extends into the

rock for 12 m. The sharks are usuzlly seen just outside or inside the tave.

3.1.3.2 Sydney .
Grey nurse sharks have been seen at three sites around Sydney and these are Long Reef, Maroubra and
South Marley (Fig. 3.16). Long Reef is a well known site for sighting Grey Nurse Sharks. The sharks
are seen is a gutter on the eastern wall on the northern tip of the reef in about 16 m of water. The sharks
have been seen during winter and occasmnally in the autumn and spring months. -Grey nurse sharks are
~ also seen off Maroubra. The site comprises an overhang that is part of the reef system extending from
the headland. The overhang and gutter like formations near the overhang occur in approximately 14 m
of water and provide habitat for the shark. The site is not a regular recreational scuba diving site and
therefore little is known about the occupancy of the sharks at this site. Small numbers have been seen
during winter. Grey nurse sharks have also been seen off South Marley close inshore off the Royal
National Park The site is characterised by a large gutter running almost parallel to the shore along a
steep wall in about 16 m of water. The Grey Nurse Sharks have generally been sighted on the ‘western
~ side.of the gutter-under an overhang jutting into the wall. This site is not regularly dived by scuba
divers so-little is known about the occupancy of the species at the site. -

Environment Australia Project " Conservation of Grey Nurse Sharks, Otway qnd Parker




NSW Fisheries _

41

LEGEND

° Sites Sampled
Bio-regional boundaries:

Manning Shelf and

Hawkesbury Shelf

Hawkesbury Shelf

WEWE nd Batemans Shelf

' SYDNEY

)@ Jibbon Bommie
® South Marley

15,1'°E

STOCKTON ) ME—

33°8 —
@ Wybung Reef

@ Twin Bommies

THE ENTRANCE

@ Foggy’s Cave
® LongReef
@® Maroubra

3408

_Sqale |

Okm. 25km

Figure 3:14. . Locations of Grey Nurse Shark survey sites in the HaWke‘s‘bury Shelf Bioregion

Enﬁ)iﬁbn#zenrA.zis#alia'Prcy'ecf" S

Conservation of Gréy Nurse ;S;hlarlr:s', Otway and Parker . -




42‘ | 7 NSW Fisheries

Norah Head

Twin Bommies
o .

Not to scaie

Subtidal reef
B Lond

B3 Boulders
m - Depth

N

h"'“"' - Ii ' Not t¢ scale

OKm : 10Km

“Figure 3.15.  Grey Nurse Shark survey sites on the Central Coast.

Environment ﬁz&str&hﬁ Project: Ce Conservation of Grey Nurse Sharks, Otway and Parker




NSW Fisheries . | .43

LEGEND
- Gutter

C Coave
Subtidal reef
B land
Boulders

- Overhang
Depih

Not to Scale

Maroubrg

Scale

e il

0km ~ 10km

Figure 3.16.  Grey Nurse Shark survey sites in and around Sydney._

: Envi}o;éiﬁ-enf Aﬁﬁr&lfa‘Projécl" - Conservation of Grey Nurse Sharks, Otway and Parker







NSW Fisheries 45

4. DISTRIBUTION AND ABUNDANCE

4.1 INTRODUCTION

Sharks are found in all the world's oceans, from great depths to the shallow continental margins and into
coastal rivers and lakes, and from tropical to the coldest arctic and antarctic waters (Compagno, 1984;
Moss 1984; Otway, 1986; Dingerkus, 1987). On closer examination, their global patterns of distribution
can be explained by water temperature and, in part, by water depth (see Otway, 1986; Dingerkus, 1987 -
for details). The abundances of sharks have usually be quantified by using data from protective mesh
nets (e.g. Cliff & Dudley, 1991, 1992; Simpfendorfer, 1992), game fishing tournaments {e.g. Stevens,
1984; Pepperell, 1992), the by-catch of trawlers or longliners targeting fish (e.g. Moreno & Moron, 1992;
Stevens, 1992), shark fisheries {e.g. Anderson, 1985; Stevens & Wiley, 1986), scientific studies of shark
fisheries using handlines, gillnets and longlines (e.g. Lyle, 1987; Stevens & McLoughlin, 1991;
Branstetter & Musick, 1994), and occasionally visual surveys (e.g. McLaughlin & O'Gower, 1971).

Recent studies (e.g. Compagno, 1990; Daves & Nammack, 1998) have focused attention on the
overfishing of sharks and highlighted the need for addressing all aspects of their conservation. About 20
species of shark are now listed on the [UCN Red List of Threatened Animals (IUCN, 1996) and among
these is the Grey Nurse Shark (Carcharias taurus). Whilst the Grey Nurse Shark has been recorded from
the Indian, Atlantic and Pacifi¢c Oceans and the Mediterranean Sea (Compagno, 1984; Last & Stevens,
1994), it has only been sighted in recent times off South Africa (e.g. Cliff & Dudley, 1992; CIiff,
Unpub.), the east coast of the USA (e.g. Branstetter, 1990; Branstetter & Musick, 1994), in south-
western and south-eastern waters of Australia (e.g. Krogh, 1994, Pollard et al., 1996).

A review of the biology of the Grey Nurse Shark (see¢ Chapter 2; Otway & Parker, 1999) has shown
much of the information concerning the species has been derived from studies in the USA and South
Africa. Furthermore, little is known about the Grey Nurse Shark off New South Wales and southern
Queensland and this is directly attributable to the absence of any extensive studies on the species. What
is known has been gleaned from a few published studies (Pepperell, 1992; Reid & Krogh, 1992; Gordon,
1993; Krogh, 1994; Pollard et al., 1996), unpublished reports (e.g. Ecology Lab, 1991; Parker, Unpub.)
and anecdotal accounts (e.g. Garbutt, 1995: Marsh, 1995), the results of which are summarised in Otway
and Parker (1999). There is also little, if any, local information on the distribution and abundance of the
species that could assist with its conservation along the NSW coast. However, to assist the sharks' long-
- term conservation, the NSW government declared the Grey Nurse Shark a protected species in 1984 and
in doing so, the shark became the first protected shark in the world.

By the early 1990's, two primary sources of information suggested that the Grey Nurse Shark population
in NSW coastal waters had not recovered from the indiscriminate spearing that occurred in the 1950's
- and 60's. First, the catches of Grey Nurse Shark in the protective mesh nets off beaches in Newcastle, -
‘Sydney and Wollongong had declined to zero by 1980 (Fig. 2.3) and remained at or near this level
 thereafter (Reid & Krogh, 1992; Krogh, 1994 for details ). Second, surveys at Seal Rocks in 1991 and
1995 (see later) indicated that the abundances of Grey Nurse Shark were well below those documented in
anecdotal reports of the 1960's {e.g. Cropp, 1964). Consequently, a distribution and abundance survey
was designed to assess the population status of the Grey Nurse Shark off the NSW and southern

Queensland coasts.

"EhvirOnment-Austmlia Project | Conservation of Grey Nurse Sharks, Otway and Parker
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4.2 MATERIALS AND METHODS
4.2.1 SAMPLING LOCATIONS

4.2.1.1 General

While the requested funding was sufficient to repeat the sampling at Seal Rocks and extend it to another
location (see Section 4.2.2), it was obvious that such a survey would not provide a truly representative
estimate of the distribution and abundance of Grey Nurse Sharks along the entire NSW coast (= 2,000
km) because of the restricted number of locations (i.e. n = 2). However, to sample the entire NSW coast
would have required funds in the order of $250,000 which clearly exceeded those available at the time.
Notwithstanding this, we felt that it was absolutely essential to increase the spatial coverage (i.e. the

" number of locations) as this would be the only way of obtaining 2 much-needed representative estimate
of the abundance, size-structure and sex-ratio of Grey Nurse Sharks in NSW coastal waters.

* Consequently, to carry out the survey along the entire NSW coast we enlisted the help of scuba divers
from universities, dive clubs, scuba diving schools and commercial aquaria. As a direct result of the
scuba diving community’s involvement it was possible to cover the entire NSW coast from Eden to
Tweed Heads and into southern Queensland (i.e. North Stradbroke Island). Additional funds provided by
Environment Australia enabled a further two coastwide surveys to be carried out (see Section 4.2.1.3).

In doing so, between 50 and 61 sites across 21 locations were sampled (see Section 4.3) on three separate

occasions.

4.2.1.2 South West Rocks and Seal Rocks
The two previous surveys at Seal Rocks in 1991 and 1995 were carried out on behalf of NSW Fisheries
by the Ecology Lab Pty. Ltd. To ensure continuity in personnel and consistency in sampling
methodology, the Ecology Lab Pty. Ltd. was again contracted to assist NSW Fisheries personnel with the
survey at Seal Rocks and also South West Rocks. Four sites: Little Seal Rock, Big Seal Rock, Edith
Breaker and Skeleton Rocks at Seal Rocks and 4 sites at South West Rocks: Fish Rock Cave, Fish Rocks
Aquarmm Black Rock and Green Island (Fig. 4.1) were sampled over consecutive days from 30
November to 4 December, 1998 to ensure similar timing with previous surveys.

“Environment Australia Project Conservation of Grey Nurse Sharks, Otway and Parker
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Figure 4.1. - Map showing the sites sampled at South West Rocks and Seal Rocks over

consecutive-days from 30 November to 4 December, 1998.
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4.2.1.3 Remaining Locations
An additional 66 sites across 19 locations (Table 4.1 and F1g 4.2) were sampled by staff from NSW
Fisheries and the scuba diving community. Three surveys, each of 4 weeks duration, were carried out in
‘November/December, 1998 (survey 1), in March/April, 1999 (survey 2) and May/JTune, 1999 (survey 3).
It was necessary to allow a 4 week period because of inclement sea conditions (i.e. rough seas, moderate

swell, etc.) that occurs at different times along various stretches of the NSW coast.

Additional sites sampled by the scuba diving community in cooperation with NSW

Table 4.1.
Fisheries over four week periods in November/December 1998, March/April 1999 and
May/Junel999
Location Site Location Site
Stradbroke Island - Flat Rock South Solitary’s Manta Arch
(A) Boat Rock ¥) : - Shark Gutters
' o Buchannans Wall
Tweed Heads Nine Mile Reef
(B) Cook Island ‘§South West Rocks . Fish Rock - Gutters
| Fido Reef G) Fish Rock - Pinnacle.
Alberta Wreck Black Rock
. : Green Island
Byroil Bay Mackeral Boulders - _ .
o ' Julian Rocks - Cod Hole Laurieton Cod Grounds
Julian Rocks - Hugoes Trench @ Mermaid Reef
Julian Rocks - Cleaner Cave '
- Julian Rocks - Split Bommie Forster Pinnacle
' (D -Latitude Reef
{Brooms Head Pimpernel Rock Latitude Rock
1)) ' | _ o
North Solitary’s Bay of Anemones Seal Rocks Edith Breaker
E) ' North West Rock ) Little Seal Rock
' Elbow Cave Big Real Rock
Wrights Reef Skeleton Rock
E Guiters Sawtooth Rocks
h Tall Timbers S

Environment Australia Project-

Conservation of Grey Nurse Sharks, Otway and Parker
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Table 4.1. Cont Addltlonal sites sampled by the scuba diving community in cooperation with NSW

Fisheries over four week periods i in Novemberf’December 1998, March/April 1999 and

(0) .
Shellharbour:

(P)

Jervis Bay

@

Bass-Point - Arch

Bass Point - Deep Gutters
Bass Paint - South Cave
Stack Island

Windang Island

- Boat Harbour ,
Drum and Drumsticks
Ray Bay

Narooma

(T)

Eden

May/Tune1999.
Location Site Location Site
Port Stephens Broughton Is. - Shark Gutters  |Jervis Bay Shark Rock
X Boondelbah Is. - Safety Bay Q) ‘ Pinnacle Cave
' North Broughton Island The Docks
' The Nursery
Newcastle Wybung Head Reef Govenor Head Wall
@) 7 ' Pyramid Rock
Terrigal East Bombora Weedy Valley
(M) Foggy's Cave Cathedral Cave
Sydney Jibbon Bombora Ulladulla Brush Island - Pinnacle
™) South Maroubra R) Brush Island - Gutters
Long reef - The Wall Belowla Island West
South Palm Beach Reef Pebbly Beach
 Marley Point :
' Batemans Bay Tollgate Island
Wollongong " Toothbrush Island S Black Rock '
o o o Broulee

Montague Is. - Shark Gutter
Montague Is. - The Gut
Montague Is. - Yellowfin Alley

Mewstone Rock
South Head

" Environment Australia Project

Conservation of Grey Nurse Sharks, Orway and Parker
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Figure 4.2. Map showmg the locations sampled by the scuba diving community in cooperation with
'NSW Fisheries over four week periods in November/December 1998, March/AprlI 1999
‘and May/June 1999.
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4.2.2 SAMPLING PROTOCOL

4.2.2.1 General : _
Visual surveys were used to estimate the distribution and abundance of Grey Nurse Sharks. At each
replicate site, scuba divers swam for a 15 minute period in or around habitats (e.g. gutters, caves and
overhangs - Otway & Parker, 1999) known to have been occupied by Grey Nurse Sharks in previous
years. Within each 15 minute period, the divers recorded the total number of sharks present, and when
present, the total length (TL) and sex (where possible) of each individual. Total lengths were recorded in
3 size-classes: 1-2m, 2 - 3 m and > 3 m. In addition, the presence of mating scars, tags and fishing gear
(hooks, wire traces, line, etc.) was also noted. The data were recorded on underwater slates and
transferred to data sheets on completion of the dive.

4.2.2.2 At South West Rocks and Seal Rocks ,
The previous surveys at Seal Rocks in 1991 and 1995, adopted a sampling protocol in which replicate
counts were obtained by diving the same site over 3 consecutive days. This method has problems (see
Section 4.2.3 - Statistical Analysis) and was not used in this survey. Instead, two separate areas within
each site (e.g. Big Seal Rock) at each location (e.g. Seal Rocks) were each surveyed for a 15 minute
period on the same day to provide two replicate counts of Grey Nurse Sharks. In the absence of detailed
information on local movements, these counts were assumed independent on the day of sampling.
However, it is likely that Grey Nurse Sharks do, over time, swim between these areas and recognition of
this will need to be incorporated in the statistical analyses (see below).

4.2.2.3 At Other Locations _

The additional sites across 19 locations (Table 4.1) were sampled using a minimum of one 15 minute
period at each site as outlined in Section 4.2.2.1. Repetitive sampling was undertaken by several dive
- groups at a few locations. These data enabled: (1) a comparison of the estimates of abundance, size-
structure, efc, between dive-groups (i.e. a "quality control"check), and (2) short-term temporal changes
in the populations of Grey Nurse Sharks.at particular sites.

4.2.3 STATISTICAL ANALYSES

4.2.3.1 General

Prior to analysis, 1nd1v1dual cell variances were examined for heteroscedastlclty using Cochran's test
(Winer, 1971; Winer ef al., 1991). When variances were heterogeneous data were transformed using

- procedures outlined by Scheffe (1959), Winer (1971), Snedecor & Cochian (1980) and Underwood
(1981b). Data were then examined using univariate analyses of variance with a Type I érror-rate of o=
0.05. In each analysis of variance, post hoc removal of terms in the original model was done, where
possible, to provide more powerful tests of the remaining sources of variation. These pooling procedures
follow the recommendations of Winer (1971} and are in line Wlth arguments by Bozivich ef al. (19586),
and Green and Tukey (1960).

Following analysis of variance, any signiﬁcanf differences among means were -idéntified’ using thé
Student-Newman-Keuls (SNK) multiple comparison test (Winer, 1971; Snedecor & Cochran, 1980;
Winer et al.,, 1991) with a Type I error-rate of a =0.05.

4.2.3.2 Temporal Variation at Seal Rocks , -

- In the previous.surveys at Seal Rocks in 1991 and 1995 (The Ecology Lab 1991, 1995; PoHard elal.,
1996), replicate counts were obtained by diving the same site/area over 3 consecutive days. It is highly
likely that the sharks observed on all three days would have been the same individuals. Data obtained in

Ewmironment dusiralia Brojeat . Comervation of Grey Nurse Sharks, Obway and Parker
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this manner should not be subjected to statistical analysis because they violate the assumption of
independence of replicate samples which underlies parametric and non-parametric statistical tests

(Hollander & Wolfe, 1973; Underwood, 1981, 1997).

Analysis of the abundances of Grey Nurse Sharks among years (i.e. 1991, 1995 and 1998) at Seal Rocks

was based on a 1-factor analysis of variance using the counts of sharks at each of the 4 sites (i.¢. Little

Seal Rock, Big Seal Rock, Edith Breaker and Skeleton Rocks) for a particular year as replicates.

Because the sampling protocols of the 3 surveys differed slightly (see Section 2.2.2), the data were

separated into subsets then aggregated where necessary, to permit an unbiased analysis across years.

For the 1991 and 1995 surveys, only data recorded during the morning dives on the first day of sampling
" at each site were used in the analysis. In the current survey, the abundances of Grey Nurse Shark in each

replicate area within each site were summed to give the total number of sharks per site. These values

were then used as replicate samples.

4.2.3.3 Spatial Variation between South West Rocks and Seal Rocks

Analysis of the abundance of Grey Nurse Sharks between replicate areas within each site (e.g. Fish
Rock) and between locations (i.e. South West Rocks & Seal Rocks) was based on a 2-factor, nested

analysis of variance with both factors considered random.

4.2.3.4 Spatial Variation across All Locations

Analysis of the abundance of Grey Nurse Sharks across all locations was based on a 1-factor analy51s of
variance with unequal replication across Locations. To enhance the efficacy of the analysis, only
locations where at least 2 replicate sites were sampled were included. Furthermore, all locations where
no Grey Nurse Sharks-were seen (i.e. all replicates were zero) were also omiited from the analysis.
Despite this, the analysis still suffered because of excessive variation among replicates counts (see
results - Section 4.3.2.2). Consequently, a general linear model based on a Poisson regression (SAS,
1997), was also used to examine the data. In a Poisson distribution the mean and variance are equal to

" 1.0 (Johnson and Kotz, 1969), but the model fitted allowed the variances to be altered ("relaxed") to
allow for overdispersion. In so doing, the model enabled the identification of the factors (in this case
"locations") that contributed significantly more variance than would be expected by chance alone. The -

scaling factor to allow for overdispersion was estimated by (Pearson's x2 /degrees of freedom)?- .

'4.2.3.5 Short-Term Temperal Variation at Particular Sites

Repetitive sampling was carried out at several sites over the 4-week sampling period. However, in the

absence of replicates it was not possible to analyse the data (e.g. using analysis of variance) without

making several assumptions. Moreover, past experience indicates that these assumptions are generally
- valid with biological data exhibiting spatial and temporal variation. Consequently, the data were

graphed and examined for trends.

4.2.3.6 Population Size-Structure and Segregation by Sex and Size of Grey Nurse Sharks along the

. NSW Coast

The size-structure of the Grey Nurse Shark populanon along the entire coast and at the mdxwdual
locations where the sharks were observed were plotted for the size categories detailed earlier (see Section
4.2.2.1). As other shark species are known to segregate by size and sex, possible biases in sex-ratios and

_ population size-structure were examined using x analyses.

“Ervironfent Australia Project . - "Conservation of Grey Nurse Sharks, Otway and 'Parl_cer
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4,3 RESULTS
4.3.1 SOUTH WEST ROCKS AND SEAL ROCKS

4.3.1.1 General Observations -

Thirty-two Grey Nurse Sharks were observed at Seal Rocks and South West Rocks w1th the vast
majority occurring at Seal Rocks. The sharks were only observed at 2 sites at each location: Big Seal
and Little Seal Rocks (Seal Rocks, n = 17 and 11, respectively), and Fish Rock Aquarium and Fish Rock
Cave (South West Rocks, n =3 and 1, respectively).

4,3.1,2 Temporal Variation at Seal Rocks

The mean numbers of Grey Nurse Sharks (Fig. 4.3a) did not differ significantly over time (Table 4.2,
_analysis of variance, P > 0.05). It is important to note, that this analysis would not have been able to

detect a doubling of the population (i.e. an average increase of 100%) with Type I and Type II error-rates

of a=0.05 and b = 0.20, respectively. That is power of (.80, which is a reasonable level for ecological

systems (Cohen, 1988; Fairweather, 1991), was not reahsed in the analysis of Grey Nurse abundances at

Seal Rocks over the 3 samplmg occasions.

Table 4.2. Analysis of variance of the numbers of Grey Nurse Sharks seen at Seal Rocks in.
1991, 1995 and 1998. Raw data - variances homogeneous, Cochran's test, ns: C = -
0.45, £> 0.05 (in this and all subsequent tables: ns, not significant, P > 0.05; *,

sighificant, P <0.05).
Source of variation - SS df MS ¥ | p
Years , 21.16 2 1058, 020  >0.80,ns
Residual , - ATT.00 9  53.00
Total | 49816 11

4.3.1.3 Spatial Variation betweeﬁ South West Rocks and Seal Rocks

The mean number of Grey Nurse Sharks (Fig. 4.3b) did not differ significantly between sites at each
lecation nor between locations (Table 4.3, analysis of variance, P > 0.25 and P > 0.05, respectively).
There was, however, a clear trend towards more Grey Nurse Sharks at Seal Rocks (mean 7. 00)

compared to South West Rocks (mean =1, OO)

Envzronment Au._ftra‘z’-z‘d ﬁréjeé; S Conservation of Grey Nurse Sharks, Otway Iand Parker
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Figure 4.3 The mean number of Grey Nurse Sharks at (A) Seal Rocks in 199 [, 1995 and 1998, and
(B) at South West Rocks and Seal Rocks over the period 30 November to 4 December,

1998 (n = 4 sites at each location).
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Table43  Analysisof variance of the numbers of Grey Nurse Sharks at South West Rocks and Seal
' Rocks over the period 30 November, 1998 to 4 December, 1998. Raw data - variances
* homogeneous, Cochran's test, ns: C = 0.65, P> 0.05.

A. Without post-hoc pooling

Source of variation SS df MS F . p
Locations 36.00 1 36.00 1.96 >0.20, ns
Sites(Locations) 109.98 6 1833 1.13 . >025,ns
Residual 13000 8 1625

‘Total 275.98 15

Note: Residual = Areas (Sites(Locations)) - see Section 2.2.2.

B. With post-hoc pooling

Sburce of variation Ss  df MS F P

Locations ~36.00 1 3600 210 - >0.10,ns
Residual 23998 14 1714
Total | 27598 15

Environment Australia Project R Conservation of Grej: Nurse Sharks, Orway and Parker
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4.3.1.4 Population Size-Structure at South West Rocks and Seal Rocks

Grey riurse sharks with total lengths greater than 2 m comprised 78.5% and 75% of all individuals at Seal
Rocks and South West Rocks, respectively (Table 4.4). Of the 27 individuals of known sex (pooled
across both locations), 23 were female and 4 were male giving a sex-ratio of 5.75 to 1 which was

significantly biased in favour of females (Table 4.4, y2=13.38, P <0.01).

Table 4.4 .Populatiori size-structure of Grey Nurse Sharks at South West Rocks and Seal Rocks
over the period 30/11/98 to 4/12/98.

LENGTH CATEGORY
| LOCATION :
Pup [-2m . >2m
South West Rocks
Male o 1 ‘ ' 2
Female 0 o 0 I
Unidentified 0 0 0
TOTAL 0 1 3
7 Seal Rocks
Male 0 0 1
Female | 0 5 17
Unic_ientiﬁed 0 | 4
TOTAL 0 6 22

_ “Environment Australia Project - Conservation of Grey Nupse Sharks, Otway and Parker




NSW Fisheries , ' _ 57

4.3.2 ALL LOCATIONS

4,3.2.1 General Observations '

Totals of 136, 129 and 207 Grey Nurse Sharks were observed at the 50 - 61 sites across 21 locations
from Eden to North Stradbroke Island over the 3 surveys in November/December 1998, March/April
1999 and May/June 1999 (Fig. 4.4). Some sites were occupied by relatively large numbers of Grey
Nurse Sharks, whereas others had none. In survey 1, 106 Grey Nurse Sharks (i.e. 78% of all sightings)
were observed in aggregations of 5 or more individuals at 9 of the 61 sites (Fig. 4.5), whereas no Grey
Nurse Sharks were seen at 37 sites. The other 30 sharks were observed in small groups (up to 4) or as
isolated individuals across the remaining 15 sites. In survey 2, 114 of the sharks (i.e. 88%) occurred in
aggregations of 5 or more individuals at 6 of the 51.sites (Fig. 4.5) with the remaining individuals '
. distributed across 10 sites. In survey 3, 180 Grey Nurse Sharks (i.e. 67% of all individuals) were
observed in aggregations at 13 of the 50 sites (Fig. 4.5). The remaining 27 Grey Nurse Sharks were
observed across 12 sites. No sharks were seen at 37 (61%), 35 (69%) and 25 (50%) of the sites in
surveys 1, 2 and 3, respectively. Finally, the proportions of sites with and without Grey Nurse Sharks

present did not differ significantly among surveys (Table 4.5, ¥2=3.66, P> 0.10).

Table 4.5 Numbers of sites with and without Grey Nurse Sharks along the entire NSW éoast ,
‘ and in southern Queensland sampled in November/December 1998, March/April 1999

and May/June 1999.

-Survey |
Sites 1 ‘ 2. 3 Total
] - With Sharks 24 16 25 65
Without Sharks 37 35 25 97
Total 6l 51 50 162

o Environmenz;AuStralia Project a ‘ T Con,s;érvaﬁon of Grey Nurse Sharks, Otway and Parker =~ -
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Figure 4.4 Total number of Grey Nurse Sharks observed at the 21 locations along the NSW coast -
(Listed below) sampled in November/December 1998, March/April 1999 and May/June
1999.
A - Stradbroke Island B - Tweed Heads
~ C - Byron Bay ' D - Brooms Head
E - North Solitary Islands F - South Selitary Islands
G - South West Rocks H - Laurieton
I - Forster : J-- Seal Rocks
K - Port Stephens L. - Newcastle
M - Terrigal ‘ . N - Sydney
O- Wollongong ' P - Shellharbour
Q - Jervis Bay R - Ulladulla
S - Batemans Bay ' T - Narooma -
U - Eden. '

Environment Australia Project ™ Cbnservation of Grev Nurse Sha}'ks', Otway and Parker
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Total number of Grey Nurse Sharks observed at sites (listed below) where aggregations
of five or more individuals occurred in the surveys in November/Dec‘ember 1998,
- March/April 1999 and May/June 1999 (P: less than 5 sharks present; * : site not

~ Figure 4.5

sampled).
CH - Cod Hole ' PR - Pimpernel Rock
"AB - Bay of Anemones ~ MA - Manta Arch -
FA - Fish Rock Pinnacle . FG - Fisb Rock Gutter
GI - Green Island B ~ CG - God Grounds
MR - Mermaid Reef - PN - Pinnacles, Forster

" BS - Big Seal Rock : LS - Little Seal Rock .
BI - Broughton Island o BP - Bass Point

. DD - Drum and Drumsticks TI - Tollgate Islands
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4.3.2.2 Spatial and Temporal Variation in Abundance along the NSW Coast

4.3.2.2.1 Spatial Variation
There was substantial spatial variation present among the sites sampled in each of the 3 surveys (Fig.
4.6). A more detailed analysis of the data from survey 1 is detailed below to exemphfy the patterns of

variation present.

On omitting all locations where no Grey Nurse Sharks were seen (i.e. all replicates were zero) and
Jocations with only 1 sampling site, data for 13 locations (Table 4.6) were analysed. The mean number
of Grey Nurse Sharks (Fig. 4.6) varied along the coast and there was an obvious trend towards greater
mean abundances at the South Solitary Islands, Laurieton, Forster, Seal Rocks, Port Stephens and
Batemans Bay. However, analysis of the data did not identify any significant differences in the mean
numbers of Grey Nurse Sharks at the 13 locations (Table 4.6 - analysis of variance, P > 0.05). It is likely
that the large within location variation (i.e. among replicate sites} reduced the power of the test to detect
differences among locations. The trend for greater means at 6 of the 13 locations was most probably
driven by the occurrence of aggregatlons at one or more of the replicate sites at these locations (Flg 4.6

and Table 4.6).

In contrast, the analysis of the parameter estimates for the general linear model based on a Poisson
regression showed that the local Grey Nurse Shark populations off the South Solitary Islands, Laurieton,
Forster, Seal Rocks, Port Stephens and Batemans Bay contributed significantly more variance than
would be expected by chance alone (Table 4.6 - ¥2 tests, P < 0.05). Moreover, it is likely that
aggregations of sharks at particular replicate sites combined with low numbers at the remaining replicate
sites at these 6 locations (Fig. 4.4) was responsible for the significant results obtained. ‘

4.3.2.2.2 Short-Term T emporal Variation ‘
Repetive sampling was carried out Manta Arch (South Solitary Islands), Fish Rock (South West Rocks),
Pinnacles (Forster) and the Tollgate Islands (Batemans Bay) by NSW Fisheries and voluntary scuba
divers. The number of Grey Nurse Sharks at Manta Arch (Fig. 4.7a) gradually increased from 4 to 10
individuals over the 22 days (22/11 - 13/12). Initially males were more abundant, but by the end of the
survey period both sexes were equally represented with 5 males and 5 females present over 12 - 13/12/98

(Fig. 4.7b).

The total number of sharks at the Tollgate Islands (Batemans Bay) also exhibited a similar pattern (Fig.
4.8a). There were no Grey Nurse Sharks present prior to the survey period (Poidevin, pers. comm. Smith,
pers. comm.). Eight females were then seen on 4/12/98 and this increased to 13 and fluctuated
thereafter. In contrast, the total number of Grey Nurse Sharks declined at the Pinnacles (Forster) over
the 3 days of sampling (Fig. 4.8b). The decrease in abundance was, however, clearly due to the

dlsappearance of the 11 males.

Fmally, observations over 3 days at Fish Rock (South West Rocks) showed that 2 Grey Nurse Sharks (1
male and 1 female) occupied the shark gutter (Fig. 4.8¢c). Initially, both sharks were seen together, but
on the second and third cccasions (1 e. 29/11/98 and 1/12/98) only one or the other was observed.

4.3.2.2.3 Long-term Tt emporal Variation

There was substantial long-term (among survey) variation present across the 50 - 61 sites sampled in the
3 surveys (Fig. 4.6), It was clear that the timing of occupation and duration of occupation of particular
sites varied over longer time intervals and was most likely related to the sharks movements, Detailed
analysis of possible patterns was not carried out because these were obtained from the analys1s of the
length-frequency data (see later). Despite this there was a general trend for the total number of female
Grey Nurse Sharks to remain unchanged over time (Fig. 4.9a). In contrast, the total number of males
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observed increased markedly in the third survey (Fig. 4.9a). The significance of this latter observation
will be discussed with the analysis of the length frequency data. Finally, incorporating sampling effort
(i.e. the number of sites sampled) showed that the mean number of sharks per site was relatively

unchanged in surveys 1 and 2 but increased in survey 3 (Fig. 4.9b). The increase in survey 3 was most
likely caused by the influx of males ev1dent in figure 4. 9a

Table 4.6 Analysis of the parameter estimates from a general_lineér model based on a Poisson
regression for the number of Grey Nurse Sharks observed at 13 locations along the NSW

coast over a 4 week period from mid-November to mid-December, 1998.

' Paralﬁeter . df  Estimate SE ¥?
Byron Bay 1 -13863 20896  0.4401 0.'5071, ns
' North Solitary Is. 1 05108 09345 . 02988 0.5846, s
| SouthSoliaryls. 1 18718 05795 104315 0.0012,%
South West Rocks i -0.2231 0.9345 _ 0405-70" 0.8113, ns
Lauriefon " 19459 04560 182117  0.0001,*
Forster 1 18458 04794 14.8259 -61.00'01,_*'
Seal Rocks i L6422 03753 191476  0.0001,*
Port Stephens I 16094 05395 88987  0.0029, %
Sydney 1 -06931 20896  0.1100. p.?401,ﬁs
Sheliharbour | 04055 14776 00753 0.7838,ns
Jervis Bay 1 220794 20896 0.9903 03197, ns
__ Batemans Bay P 1 46_63 05795 64017 0.0114,*
 Narooma C-10986  2.089 02764 6.599_1,;15

Environment Australia Project -
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Figure 4.6 Mean (+ SE) number of Grey Nurse Sharks observed at the 21 locations (listed below)
© along the NSW coast during the period November - December 1998, March/April, 1999
and May/June, 1999 (*: total number of sharks rather than the mean because only 1 site
could be sampled at the location; N: not sampled). '

A - Stradbroke Island B - Tweed Heads
C - Byron Bay ' D - Brooms Head
E - North Solitary Islands ' F - South Solitary Islands.
G - South West Rocks H - Laurieton
I-TForster J - Seal Rocks
K - Port Stephens L - Newcastle
M - Terrigal N - Sydney
O- Wollongong _ P'- Shellharbour
Q- Jervis Bay ' R - Ulladulla
S - Batemans Bay - ' . T-Narooma
U - Eden. ' '
Environment Austrafia Profect _ ‘ ~ Conservation of Grey Nurse Sharks, Otway and Parker
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Figure 4.7 Short-term fluctuations in the total number of Grey Nurse Sharks observed at Manta
Arch (South Solitary Islands) during the November to December, 1998 survey. (A)
Uncategorised, (B) Categorised by sex.
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Figure 4.8  Short-ferm fluctuations in the total number of Grey Nurse Sharks categorised by sex at

(A) Tollgate Islands (Batemans Bay), (B) The Pinnacles (Forster), and (C) Fish Rock
(South West Rocks) during the November to December, 1998 survey. -
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4,3.2.3 Population Size-Structure along the NSW and southern Queensland Coasts

In November/December 1998, the Grey Nurse Shark population along the entire NSW coast was
dominated by individuals 1 - 2 m and 2 - 3 m TL. Of the 136 sharks sighted, 76 individuals (i.e. 56% of
the total population) were 1 to 2 m TL and 58 individuals (i.e. 42% of the total population) were 2 - 3 m
TL. Furthermore, only 2 individuals: 1 male and 1 female (i.e. 2% of the total population) exceeded 3 m
TL. In March/April 1999, the Grey Nurse Shark population was also dominated by individuals 1 - 2 m
and 2 - 3 m TL. However, of the 129 sharks sighted, it was only possible to determine sex and length for
112 individuals. Of these, 51 individuals (i.e. 46% of n = 112) were | to 2 m TL and 49 individuals (i.e.
43% of n=112) were 2 - 3m TL. A further 12 individuals (i.e. 11% of n=112) exceeded 3 m TL. In
May/June 1999, the Grey Nurse Shark was again dominated by individuals 1-2mand2-3mTL.
However, of the 207 sharks sighted, it-was only possible to determine sex and length for 204 individuals..
Of these, 77 individuals (i.e. 38% of n = 204) were 1 to 2 m TL and 114 individuals (i.c. 56% of n = 204)
were 2 - 3m TL. A further 13 individuals (i.e. 6% of n = 204) exceeded 3 m TL.

~ The length—frequency distributions of Grey Nurse Sharks at the individual locations varied markedly

along the coast and among the 3.surveys (Figs. 4.11 - 4.13) and this was primarily due to the
aggregations of sharks at particular sites within a number of locations along the NSW coast. For
example, at Seal Rocks no male sharks were seen and 23 (74%) of the remaining individuals were
fernale. Of these, 18 females (i.e. 78% of all females) were greater than 2 m TL (Fig. 4.8b). This '
contrasts with the patterns observed off Port Stephens (Broughton Is., etc. - see Table 1) and at the
Tollgate Islands off Batemans Bay which were similar. All 15 Grey Nurse Sharks observed off Port
Stephens were female and only 5 (27%) had total lengths exceeding

2 m. At the Tollgate Islands, the 13 Grey Nurse Sharks present were also all female, but only 2 (1 5%)

were greater than 2 m TL.

While the length—-f_requenqy distributions of Grey Nurse Sharks at individual locations along the NSW
coast differed, there were also some more general patterns evident. Thirty-three of the male Grey Nurse -
Sharks (97% of the male population) were observed at the 6 locations from Forster and north to Broom's
Head (Fig. 4.8b). The length-frequency distribution of male Grey Nurse Sharks at each of these

locations was characterised by the presence of individuals with total lengths of 1 - 2 m (Fig. 4.8b).
However, this similarity did not extend to male Grey Nurse Sharks greater than 2 m TL as these 12
individuals were only seen at Pimpernel Rock (Brooms Head), Mermaid Reef (Laurieton) and the
Pinnacles (Forster). The remaining male, a 1 - 2 m TL individual, was observed at Montague Is.

(Narooma) on 6/12/98 (Fig. 4.8b).

'Female Grey Nurse Sharks were observed from Byron Bay to Batemans Bay with 22 individuals (29% of

the total female-population) occurring off Forster and 6 locations to the north (Fig. 4.8b). Of these, 12
sharks were 1 - 2 m TL and 10 individuals were greater than 2 m TL. The remaining 53 females (71% of
the female population) were observed from Seal Rocks to Batemans Bay (Fig. 4.8b). Of these, 29 had

total lengths of 1 - 2 m, whereas the remaining 24 individuals were greater than 2 m TL.

4,3.2.4 Segregation by Sex along the NSW and southern Queensland Coasts
While the overall size-structure of the the Grey Nurse Shark population along the entire NSW coast

- appeared consistent through time, plots of size-frequency distributions for males and females along the

entire coast for each of the 3 surveys (Figs. 4.11 - 4.13) suggested that this was not the case. For
example, the size-frequency distributions of male and female Grey Nurse Sharks suggested a dominance
of females in surveys 1 and 2. However, this dominance of females was not apparent in survey 3 and
was most likely due to the increase in the abundance of males discussed earlier.

Ervironment Australia Project .- Conservation of Grey Nurse Sharks, Otway and Parker
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Figure 4.10  The length-frequency distributions of male and female Grey Nurse Sharks, and _
- individuals of unknown sex pooled across the entire coast in November/December, 1998
(Survey 1), March/April, 1999 (Survey 2) and May/June, 1999 (Survey 3). Total lengths
- estimated visually and placed into 3 size-classes: 1 -2m, 2 -3 m and> 3 m.
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The length -frequency distributions of male and female Grey Nurse Sharks and

~ individuals of unknown sex at various locations along the NSW in NovemberfDecember

1998 (Survey 1). Total lengths estimated visually and placed into pups and 3 other size-
classes: <2m, 2 -3 mand >3 m.
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Figure 4.12  The length-frequency dlstrlbutlons of male and female Grey Nurse Sharks, ‘and
individuals of unknown sex pooled across the entire coast in the surveys in March/Aprﬂ
(Survey 2). Total Iengths estxmated visually and into pups and 3 other size-classes: <2
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4.3.2.4.1 Along the Entire NSW and Southern Queensland Coasts

For those individuals of known sex (pooled across all sites), analysis of the proportion of male to female
Grey Nurse Sharks observed along the entire coast indicated that the sex ratios differed significantly
among surveys (Table 4.7, x2 = 20.69, P <0.001). In November/December 1998, there were more
females and fewer males than expected by chance alone giving a sex ratio of 2.2 to 1 which was
significantly biased in favour of females (Table 4.7,%%=15.42, P <0.001). In March/April 1999, there
were also more females and fewer males than expected by chance alone. This gave a sex ratio of 3.6 to 1

“which was also significantly biased in favour of females (32 = 29.40, P <0.001). Finally, in May/June

(1999), there were fewer females and more males than expected by chance alone, but the number of
males and females did not differ significantly from a 1:1 sex ratio (Table 4.7, 32 = 0.10, P > 0.10).

Fable 4.7 Numbers of male and female Grey Nurse Sharks observed along the entire NSW
-coast and in the 2 sections of coast (1. Forster and sites north, and 2. Seal Rocks
and sites south) in the surveys in November/December 1998, March/Aptil
1999 and May/June 1999. Note the subdivision of coastline was based on the
distribution of male Grey Nurse Sharks in the first survey (see text for details).

Section _ ' Sex Survey
1 2 3
| Entire coast _ ,
' ' . Male 34 20 81
Female 75 72 - 85
Forster and sites north o
Male 3 17 73
Female . 2 17 44
Seal Rocks and sites south
: Male R 3 8
Female | 53 55 41

4.3.2.4.2 Comparisons Between Sections of the Coast

The length frequency distributions of male and female Grey Nurse Sharks also suggested that the sex-
ratios along sections of the coast would differ from that calculated for the entire coastline as there
appeared to be more males than females at the northerri locations, and fewer males than females across
the southern locations. Consequently, the sex-ratios of the Grey Nurse Sharks along the NSW. coast were
re-examined by using the distribution of male Grey Nurse Sharks in November/December 1998 (Survey.
1) to arbitrarily subdivide the coastline into two sections: (1) Forster and sites to the north, and (2).Seal

Rocks and sites to the south. ‘

" On re-analysis, the proportions of male Grey Nurse Sharks present at sites in the 2 sections of the coast

did not differ significantly among surveys (Table 4.7, y2 = 2.54, P > 0.10). However, the proportions of
males and females present at Foster and sites to the north compared to Seal Rocks and sites to the south

Environment Australia Project Conservation of Grey Nurse Sharks, Otway and Parker
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were significantly different in each of the 3 surveys (Table 4.7, 2 = 42.68, 25.25 and 29.30 for surveys.
1-3, respectively, all P < 0.001). Proportionally more males occurred at Foster and sites to the north.

In contrast, the proportioils of female Grey Nurse Sharks present at sites in the two sections of the coast

differed significantly among surveys (Table 4.7, %2 = 15.45, P <0.001). In surveys 1 and 2, there were
proportionally more females present at Seal Rocks and sites to the south and fewer present at Foster and
sites to the north. In survey 3, however, there were proportionally more females at Foster and sites to the
north and proportlonally fewer at Seal Rocks and sites to the south

4.3.2.4.2.1 Comparisons within each section of the coast

4,3.2.42.2 Forster and sites to the north

The proportions of male to female Grey Nurse Sharks observed at Foster and sites to the north did not
differ significantly among surveys (Table 4.7, 2 = 1.68, P> 0.10). Furthermore, the numbers of males
and females in surveys 1 and 2 (i.e. November/December, 1998 and March/April, 1999) did not differ
significantly from a 1:1 sex ratio (Table 4.7, %2 = 2.20 and 0.00, P >.0.10). However, in survey 3 (i.e.
May/June, 1999) the number of male and female Grey Nurse Sharks differed significantly from a 1: 1 sex
ratio (Table 4.7, 2 = 7.20,P < 0.01) with a ratio of 1.7:1 biased in favour of males.

4.3.2.4.2.3 Seal Rocks and sites to the south -
The proportions of male to female Grey Nurse Sharks at Seal Rocks and sites to the south differed

. significantly among surveys (Table 4.7, %2 = 8.48, P <0.05). The proportions of males to females did

not differ in surveys I and 2 (i.e. November/December, 1998 and March/April, 1999). However, in
survey 3 (i.e. May/June, 1999) there were proportionally more males and fewer females than expected.
Despite this, the numbers of males and females differed significantly from a 1:1 sex ratio in all 3 Surveys
(Table 4.7, x2 = 50.0, 46.6 and 22.2 for surveys.1-3, respectively; all 2 <0.001). The sex-ratios
exceeded 1:5 and were consistently biased in favour of females. - _

4.3.2.5 Segregation by Size Along the NSW Coast and Scuthern Queensland

The size-frequency distributions of male and female Grey Nurse Sharks along the entire coast suggested
that the sizes of males and females differed over the 3 surveys. To examine the statistical significance of
these observations, the data for males and females were partitioned into two size classes: (1) 1 - 2m TL,
and (2)>2 m TL. The choice of size-classes incorporates practical aspects of estimating sizes
underwater and the results of reproductive studies of Grey Nurse Sharks. Studies by Bass et al. (1975),

- Gilmore et al. (1983) and Branstetter and Musick (1994) have shown that male and female Grey Nurse
Sharks attain sexual maturity at 1.90 - 1.95 TL and 2.20 - 2.30 m TL, respectively. Consequently, the

second size-class (i.e. individuals > 2 m TL) will be comprised of reproductively mature males and a
large majority ofreproductively mature females.

4.3.2.5.1 Along the Entire NSW C‘oast and Southern Queensland
The proport:ons of male to female Grey Nurse Sharks 1 - 2m TL observed along the entire coast did riot -

‘differ significantly among surveys (Table 4.8, %2 = 3.38, P> 0.10). Desp1te this, the numbers of males

and females I - 2 m TL differed significantly from a 1:1 sex ratio in all 3 surveys (Table 4.8,%%=5 .74,

-14.24 and 6.56 for surveys 1-3, respectively; all P <0.05). The sex—ratlos exceeded 1:1.9 and were

consistently blased in favour of females

' Environinent Australia Project
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Table 4.8 Numbers of male and female Grey Nurse Sharks in 2 size-classes (i.e. 1 -2m TL
‘and > 2 m TL) observed along the entire NSW coast and in the 2 sections of coast
(1. Forster and sites north, and 2. Seal Rocks and sites south) in the surveys in
November/December 1998, March/April 1999 and May/June 1999. Note the
subdivision of coastline was. based on the distribution of male Grey Nurse Sharks in

the first survey.

Section | Sex Survey
" Size class 1 z _3
Entire coast
’ Male _
*1-2m 22 6 18
>2m 12 4 63
Female
) 1-2m 41 28 37
>2m 34 42 42
Forstér and sites north
' Male
1-2m 21 4 13
>2m| 12 13 ' 60
Female _
1-2m 12 2 18
>2m 10 15 20
Seal Rocks and sites south .
: Male . y
1-2m 1 2 7 5
>2m 0 1. . 3
Female ] '
1-Zm 29 26 19
>2m;| 24 .27 22

The proportions of male to female Grey Nurse Sharks > 2 m TL observed along the entire coast differed
significantly among surveys (Table 4.8, 2 =25.15, P < 0.05). There were proportionally fewer males
and more females > 2 m TL in surveys [ and 2 (i.e. November/December, 1998 and March/April, 1999).
However, in survey 3 (i.e. May/June, 1999) there were proportionally more'males and fewer females > 2
m TL than expected by chance alone. Finally, the numbers of males and females > 2 m TL differed
significantly from a 1:1 sex ratio in all 3 surveys (Table 4.8, 4% = 10.5, 14.0 and 4.2 for surveys 1-3,
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respectively; all P < 0.05). In'surveys I and 2, the sex-ratios were biased in favour of females.
However, in survey 3 the sex ratio was biased towards males.

The proportions of male Grey Nurse Sharks 1 -2 m TL to > 2 m TL observed along the entire coast
differed significantly among the 3 surveys (Table 4.8, % = 19.41, P <0.01). There were proportionally
more 1 - 2m TL and fewer > 2 m TL males than expected in survey 1, no differences in survey 2, and
proportionally fewer 1 - 2 m TL and more > 2 m TL males than expected in survey 3. In contrast, the
proportions of female Grey Nurse Sharks 1 - 2 m TL to > 2 m TL did not differ significantly among the 3

surveys (Table 4.8, x2 = 3.14, P> 0.10).

4.3.2.5.2 Comparisons between sections of the coast

The length frequency distributions of male and female Grey Nurse Sharks also suggested that the sizes of
Grey Nurse Sharks differed in the 2 sections of the coast. Consequently, the 2 size-classes of the Grey’
Nurse Sharks established above were also used to examine size segregation of Grey Nurse Sharks found
at; (1) Forster and sites to the north, and (2) Seal Rocks and sites to the south.

The proportions of male Grey Nurse Sharks 1 -2 m TL observed at sites along the 2 sections of coast did
not differ significantly among surveys (Table 4.8, 2= 4,59, P> 0.10). In contrast, the proportions of
female Grey Nurse Sharks 1 - 2 m TL present at Foster and sites to the north compared to Seal Rocks and
sites to the south differed significantly among surveys (Table 4.8, x2 = 13.08, P < 0.01). In survey 1, the
proportion of females 1 - 2 m TL observed at sites in the 2 sections of the coast did not differ. In survey
2, there were proportionally more females at Seal Rocks and sites to the south and proportionally fewer

at Foster and sites to the north. This contrasted with survey 3 as there were proportionally more 1 -2m .
TL females at Foster and sites to the north and prbportionally fewer at Seal Rocks and sites to the south. - .

The proportions of males and females 1 -2 m TL observed at the sites along the 2 sections of coast

differed significantly and in a consistent manner in surveys 1 and 2 (Table 4.8, x2 =22.96, and 12.70,
both P <0.001). Proportionally more male 1 - 2 m TL Grey Nurse Sharks occurred at Foster and sites to
the north and proportionally more females 1 - 2 m TL occurred at Seal Rocks and sites to the south. In
contrast, the proportion of male to female Grey Nurse Sharks 1 - 2 m TL did not differ significantly in
survey 3 (Table 4.8, x? = 2.81; P > 0.05). Proportionally more male >2 m TL Grey Nurse Sharks and
proportionally fewer females > 2 m TL occurred at Foster and sites to the north in all 3 surveys, and at
Seal Rocks and sités to the south . In contrast, the proportion of male to female Grey Nurse Sharks 1 - 2

mTL d1d not differ significantly in survey 3 (Table 4.8, % =2. 81, P> 0 05).

" The proportlons of male Grey Nurse Sharks > 2 m TL observed at sites along the 2 sections of coast did

not differ significantly among surveys (Table 4.8, % = 0.81, P > 0.10). Similarly, the proportions of
female Grey Nurse Sharks > 2 m TL present at Foster and sites to the north compared to Seal Rocks and

sites to the south did not differ significantly among surveys (Table 4.8, v%=2.84, P> 0.10).

The proportions of males and females > 2 m TL observed at the sites along the 2 sections of coast
differed significantly and in a consistent manner across all 3 surveys (Table 4.8, x% = 17.93, 13.70 and
31.19, all 2 < 0.001). Proportionally more male >2 m TL Grey Nurse Sharks and proportlonally fewer
females > 2 m TL occurred at Foster and sites to the north in all 3 surveys. In contrast, proportionally
fewer male > 2 m TL Grey Nurse Sharks and proportionally more females > 2 m TL occurred at Seal
Rocks and sites to the south in all 3 surveys.
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4.3.2.5.3 Comparisons within each section of the coast

4.3.2.5.3.1 (1) Forster and sites to the north
The proportions of male Grey Nurse Sharks 1 - 2 m TL to > 2 m TL observed at Foster and sites to the

north differed significantly among the 3 surveys (Table 4.8, %2 = 22.84, P <0.001). There were
proportionally more 1 -2 m TL and fewer > 2 m TL males than expected in survey 1, no differences in
survey 2, and proportionally fewer 1 - 2 m TL and more > 2 m TL males than expected in survey 3. The
proportions of female Grey Nurse Sharks 1 - 2 m TL to > 2 m TL observed at Foster and sites to the

north also differed significantly among the 3 surveys (Table 4.8, %% = 8.27, P < 0.05). There were no .
differences in the proportions of 1 - 2m TL and > 2 m TL females in surveys 1 and 3. However, in
survey 2 there were proportionally fewer 1 2 m TL and more > 2 m TL females than expected by

chance.

The proportions of male to female Grey Nurse Sharks 1 - 2 m TL observed at Foster and sites to the

north did not differ significantly among surveys (Table 4.8, 2 = 3.39, P> 0.10). Furthermore, the
numbers of males and females 1 - 2 m TL did not differ significantly from a 1:1 sex ratio in all 3 surveys

(Table 4.8, y2 = 2.46, 0.66 and 0.80 for surveys 1-3, respectively; all £ > 0.10).

The proportions of male to female Grey Nurse Sharks > 2 m TL observed at Foster and sites to the north

differed significantly among surveys (Table 4.8, v2=8.85, P <0.05). The proportions of males to
females > 2 m TL did not differ in survey 1. However, in surveys 2 and 3 there were were proportionally
more males and fewer females than expected by chance. Finally, the numbers of males and females > 2

m TL only differed significantly from a 1:1 sex ratio in the third survey (Table 4.8, xz 0.18, 0.14 and
20.00; P> (.05, 0.05 and 0.001 for surveys 1 - 3, respectlvely) with a bias of 3:1 in favour of males.

432532 (2) Seal Rocks and sites to the south

~ The proportions of male Grey Nurse Sharks 1 - 2m TL to>2 m TL observed at Seal Rocks and sites to
the south did not differ significantly among the 3 surveys (Table 4.8, 32 =0.55, P > 0.10). Similarly, the
proportions of female Grey Nurse Sharks 1 - 2 m TL to > 2 m TL did not d:ffer 51gn1ﬁcanﬂy among the 3

surveys (Table 4.8, % =0.69, P> 0.10).

 The proportions of male to female Grey Nurse Sharks 1 - 2 m TL observed at Seal Rocks and sites to the
south did not differ significantly among surveys (Table 4.8, x2 = 5.08, P>0.05). Despite this, the
numbers of males and females 1 - 2 m TL differed significantly from a 1:1 sex ratio in all 3 surveys
(Table 4.8, 2 = 23.14, 20.58 and 8.16 for surveys 1-3, respectively; all P < 0.01). The sex-ratios
exceeded 1:3 and were consistently biased in favour of females

Similarly, the proportions of males to females > 2 m TL were not significantly different among in
surveys (Table 4.8, 3% =3.82, P >0.05). Despite this, the numbers of males and females differed

significantly from a 1:1 sex ratio in all 3 surveys (Table 4.8, y2 = 24.0, 24.14 and 14.44 for surveys 1-3,
respectively; all P <0.001). The sex-ratios exceeded 1 7 and were conmstently biased iri favour of

- females.

4.3.2.6 Incidence of Hooking on Bottom Setlines

Grey nurse sharks with bottom setline hooks embedded in their jaws were observed along the entire coast
from Julian Rocks to Montague Island. Repetitive observations of the same shark at any given site were

removed from the dataset prior to ana1y51s The proportions of sharks with and without hooks embedded

in their jaws did not differ significantly among surveys (Table 4.9, ¥ = 0.21, P> 0.10).
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Table 4.9. Numbers of Grey Nurse Sharks with and without bottom setline hooks embedded in their
jaws observed along the entire NSW coast recorded in the surveys in :
November/December 1998, March/April 1999 and May/June 1999.

Survey
1 2 3 Total
‘With Hooks 8 9 12 29
Without Hooks 128 120 195 | 443

Estimates of hooking rate (i.e. the number of sharks with hooks émbedded in their jaws divided by the
total number of individuals per survey - expressed as a percentage) from this study and those of Pollard
et al. (1996) and Parker (unpub.) were regressed on time (Fig. 4.14). This analysis showed that hooking
rate increased significantly over time (R2 0.92, P < 0.05) with a tripling of the rate between 1991 and

1999
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Figure 4.14.  Regression of hooking rate on time. ‘Data from this study, Pollard et af. (1996) and
- Parker (unpub.). Hooking rate is expressed as a percetitage and calcnlated as the .
number of sharks with hooks embedded in their jaws d1v1ded by the total number of -

'mdmduals per survey..

4. 4 DISCUSSION

4.4.1 SPA T TAL AND T EMPORAL VARIA TION IN AB UNDANCE

There was substantial spatial variation evident in abundances of Grey Nurse Sharks at South West Rocks
and Seal Rocks, and at the other 19 locationis along the entire NSW coast, This spatial variation most '
likely prevented the detection of significant differences through time at Seal Rocks and among the 13
locations examined.-in the coastwide analysis of data from survey 1. However, the poisson regression-

‘EnvirénmenzAustralfaPrOjécz‘ - L Conservation of Grey Nirse Sharks, Otway and Parker




80 NSW Fisheries

based analysis of data from survey 1 demonstrated that there was significantly more variation in shark
numbers than would be expected by chance alone at the South Solitary Islands, Laurieton, Forster, Seal -
Rocks, Port Stephens and Batemans Bay. Sites at these locations together with Pimpernel Rock (off
Broom's Head) were the only places where aggregations of 5 or more Grey Nurse Sharks were observed
during the survey. Many of these sites had aggregations of Grey Nurse Sharks in the subsequent surveys.
It is likely that these sites may play an important role in pupping and/or mating activities, but additional
surveys, at these and other sites, will be necessary to assess their overall significance. Why particular
sites are chosen over others is unclear at this stage, especially given the physical habitats were very
similar across all.the sites surveyed. However, it is likely that there are, as yet unknown, biclogical
attributes which attract the sharks to particular sites. :

The lack of power to detect significant differences through time at Seal Rocks has very important
implications for the future monitoring of Grey Nurse Shark numbers along the coast. The ability to
demonstrate whether the population is recovering will clearly depend on the power to detect increases in
the mean abundance of Grey Nurse Sharks over time. The résults of this survey suggest that it will be
almost impossible to detect relatively large changes in the mean abundance without a substantial increase
in sampling effort. These results are, however, not unlike many studies of species in which there is a
lack of basic biological information (see Toft & Shea, 1983; Sweatman,-1985; Peterman, 1990 for
examples). However, several authors (e.g. Gray, 1990) have argued that the "Precautionary Principle”

- should be invoked in situations where the nominated level of power is not realised. Clearly, invoking the
precautionary principle would be more applicable when assessing the possibie processes threatening the
abundance and long-term conservation of the Grey Nurse Shark (see Section 2.10 for a list of possible

threatening processes).

Recovery of the Grey Nurse Shark population along the NSW  coast might be demonstrated by using a
population dynamic model (see Branstetter, 1990; Hoenig & Gruber, 1990; Pratt & Casey, 1990 for

- examples).  Using data obtained in the surveys together with other biological information (sce Otway &
Parker, 1999 for a review) would permit the formulation of a preliminary model that might describe the
Grey Nurse Shark population along the coast of NSW. Then, by running a series of scenarios simulating

_ recovery it might be possible to identify appropriate indicators of change (recovery) that may be easier to
monitor than the spatial and temporal variation in abundance. If it is possible to generate a model, it will
be absolutely necessary to examine the sensitivity of any possible indicators. Clearly any attempts to
construct a population dynamic model will depend on the data from these and many additional surveys.
Furthermore, any such model will require the input of data from regular field surveys to enable the
testing of predictions and the refinement of the model.

~ Finally, tlie‘total numbers of sharks (i.e. 136, 129 and 207 individuals) from 50 - 61 sites along the. entire
- coast were very low and completely unexpected given that Grey Nurse Sharks have been protected since
1984. Tt is possible that large numbers of sharks were not sighted because they were moving between
sites. The likelihood of such a scenario is probably small because of: (1) the large number of sites
sampled, (2) the dispersion of the sites along the entire coast, and (3) the similar results obtained in the 3.
surveys. The absence of the sharks at 50 - 69% of the sites sampled is a yet another statistic that raises
_concern, especially given that the sites were chosen because of their previous occupation by Grey Nurse
- Sharks (see Table 4.5 for a summary). Given the extremely low numbers, it is essential to ensure that the
survey is repeated on a regular basis over the next few years to provide estimates of the inter-annual
variation in abundance. A longer term dataset would also guard against unwarranted errors inthe
1nterpretat1on of data collected over short periods of time.

4, 4 2 POPULATIONSIZE—STRUCTURE
Previous research (e.g. Bass et al., 1975; Gilmore er al., 1983; Branstetter and Musick, 1994) has shown

. that males attain sexual maturity at a fotal Iengths 0f 1.90 - 1.95 m. Consequently, of the 34 males
'observed.along the entire NSW coast, it is highly likely that the 12 males greater than 2 m TL were
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reproductively mature. It is also probable that a proportion of the males with total lengths of 1 - 2 m
would also have been sexually mature. In contrast, it is unlikely that all of the 34 females observed
along the coast were reproductively mature because they only attain sexual maturity on reaching 2.20 -
2.30 m TL (Bass et al., 1975; Gilmore et al., 1983; Branstetter, 1990; Branstetter and Musick, 1994).
‘With this in mind and the fact thaf that female Grey Nurse Sharks only produce 2 pups every two years
(Branstetter and Musnck 1994), the data from the 3 surveys suggest that less than 25% of the females
will reproduce in any given year. Further surveys will, however, be needed to test this prediction.

The results from South West Rocks and Seal Rocks and surveys‘l and 2 along entire coast showed that
the Grey Nurse Shark population exhibited a sex-ratio of at least 2.2 : 1 biased in favour of females. The-
previous 1991 survey at Seal Rocks also showed that 86% of the Grey Nurse Sharks observed were
female (Ecology Lab, 1991; Pollard et al., 1996). This bias towards females is also consistent with the
predominance of females in the overall catch of Grey Nurse Sharks (i.e. 77. 4% - Reid and Krogh, 1992
and 77.8% - Krogh, 1994) in the protective beach nets in NSW (i.e. off Newcastle, Sydney and
Wollongong) and off Natal, South Africa where sex-ratios have reached 2.3 : 1 biased in favour of
females (CHff, unpub.). The biased sex-ratios in: (1) these surveys, (2) the 1991 survey, and (3) the
protective beach nets is most likely due to segregation of the sexes rather than an actual difference in the
abundances of males and females. Sexual segregation of male and female Grey Nurse Sharks has been
documented for populations on the eastern coasts of South Africa (Bass e al., 1975; Cliff unpub.) and
North America (Sprmger 1963; Clark and Von Schmidt, 1965; Gilmore ef aI 1983).

4.4.3 IMPLICATIONS FOR MIGRATORYMOWMENTS

On subdividing thé coastline into northern (i.e. Forster - N. Stradbroke Is) and southern (i.e. Seal Rocks -
Eden) sections based on the distribution of the male Grey Nurse Sharks, the biases in the'sex-ratios :
changed markedly The differences in the sex-ratios in northern and southern sections are most likely
due to a combination of sexual segregatlon, reproductive activities (pupping and mating), and sex-related
differences in migratory movements. Previous research in South Africa (e.g. Bass et al., 1975; CIiff’
unpub.) and on the east coast of the USA (e.g. Bigelow and Schroeder, 1953; Gilmore ef al., 1983) has
shown that female Grey Nurse Sharks undergo regular migratory movements: for mating, gestation and
parturition. Unfortunately, less is known about the migratory movements of males in these regions. -
Nevertheless, research in South Africa (Cliff unpub.) has shown that male Grey Nurse Sharks tend to
commence thelr migratory movements several weeks after the females. - - S

If we assume that the Grey Nurse Sharks on the east coast of Austraha also undergo mlgratory ‘
movements similar to that documented on the east coast of the USA, it is likely that the greater rumber
_of males in the northern section of the coast and their near absence from Seal Rocks to Eden is the result
of migratory movements. The size and sexual segregation of male and female Grey Nurse ‘Sharks
evident during the three surveys suggests a hypothesised pattern of movement illustrated in Figure 4. 15.
The hypothesised movements comprise: (1) a movement of sexually mature males into shallower water
in early autumn (April) to mate, They then move northwards and appear at the northerly most sites in
southern Queensland in July/August; (2) the movement of sexually mature females and immature sharks -
of both sexes to the south in spring and early summer followed by a return fo sites north of Forster in the

autumn .and winter months

Ev1dence for this hypothesm is prov1ded by short—term increases in the number of sha.rks {males-and..
females) at sites such as Manta Arch (South Solitary Islands), the Tollgate Islands (Batemans Bay) and
the rapid decline (to zero) in the number of male Grey Nurse Sharks at the Pinnacles at Foster . While
these observations provide support for a "migration hrypothesis”, they could also be the result of localised
(small-scale) movements. It will be imiportant to gain further information concerning localised ,
movements and short-term fluctuations in abundance. : :
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4.4.4 IMPLICATIONS FOR FECUNDITY, REPRODUCTION AND RECRUITMENT

The results of the 3 surveys have substantial implications for the fecundity, reproduction and recruitment
of Grey Nurse Sharks along the east coast of Australia (NSW and southern Queensland). As stated
earlier, previous research in South Africa and along the east coast of the USA (e.g. Bass er al., 1975;
Gilmore ef al., 1983; Branstetter, 1990; Branstetter and Musick, 1994) has shown that female Grey
Nurse Sharks attain sexual maturity on reaching 2.20 - 2.30 m TL and give birth to 2 pups (each = 1,20
m TL) every two years. This gives a mean fecundity of 1 pup per annum. Furthermore, as pupping in
South Africa and on the east coast of the USA occurs in Winter (Gilmore ef al., 1983; Branstetter and
Musick, 1994; Cliff, Unpub. MS) it is likely to occur at a similar time off the east coast of Australia.
Moreover, female Grey Nurse Sharks in the Underwater World aquarium (Mooloolaba, Qld.) have given
birth to 2 healthy pups on several occasions in August/September (A. Scrivyer, pers. comm.). These
observations provide initial evidence suggesting that the fecundity and timing of parturition is similar to
that in South Africa and along the east coast of the USA.

With this in mind, it is likely that pups born over winter 1998 would have been seen for the first time in
survey 1 (November/December, 1998). Moreovet, any pups observed would have been approximately
1.30 m TL and easily discernible from other individuals in the local population. However, very few pups
(1 e. 6, 14 and 12 in surveys 1 - 3, respectively)were observed in the 3 surveys. If we assume that all the
female Grey Nurse Sharks > 2 m TL were reproductively mature (i.e. 34, 42 and 42 in surveys 1 - 3,
respectively), then there should have been 34 - 42 pups evident given an average fecundity of 1 pup per
annum. It is possible that some of the pups were recorded in the next larger size-class (i.e. 1 - 2 m TL).
This size-class will contain individuals aged 1, 2, 3, 4 and 5 years as previous research (e.g. Gilmore et
al., 1983; Branstetter and Musick, 1994) has also shown that female Grey Nurse Sharks do not attain
reproductive maturity until at least 6 years of age. Consequently, if individuals in the 1 - 2 m TL size-

. class were summed with the number of pups and divided into 6 numerically equal size-classes, each size-
class would still only comprise approximately 10 individuals, on average This still does not permit the -
number of pups to be increased to the expected leve] . _

The large difference between the number of pups observed (i.e. 6 - 14) and the number expected (i.e. 34 -
42) is cause for concern for at least two reasons. First, it suggests that the pups were not observed using -
the existing sampling techniques possibly because they moved away from the pupping sites and were
therefore not seen. However, given that grey nurse pups (inale and female) remain with the
reproductvely mature females for many months after birth (Branstetter and Musick, 1994; Cliff, Unpub.
MS) and the fact that divers observed pups swimming with aggregations of reproductively mature sharks
(i.e.>2m TL), it is unlikely that large numbers of pups would have moved away. This suggests that the
* sampling techniques used would have detected the pups had they been present. It is also possible that
several important pupping sites may not have been identified and sampled despite the intense sampling
effort (i.e. 50 - 61 sites) in the 3 separate surveys. . Second, if there were indeed fewer pups than
expected then this indicates that a reproductive failure may have occurred. This may have been tnggered
by continuously declining numbers of Grey Nurse Sharks causing fewer males and females to meet up
and copulate in autumn (i.e April - May). If a reproductive failure has occurred, it is likely that it has
occurred over several years given the mean numbers of individuals in the 5 age-classes contained within
the 1 - 2 m TL size-class (see discussion above). More importantly, if a reproductive failure has
occurred, the average fecundity of the shark would be less than 1 pup per annum, a rate that is clearly
insufficient to sustain a population yet alone enable it to recover. o :
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4.4.5 INCIDENTAL CAPTURE ON BOTTOM SETLINES

The surveys showed that there has been a significant increase in the rate of incidental capture on bottom

setlines over the past 9 years. It is obvious that the consequences of capture on bottom setlines needs to

be assessed in detail. It appears to be a threatening process that has the greatest potential to prevent the

recovery of the Grey Nurse Shark population. Mitigation of this potentially threatening activity could be
- achieved by the declaration of marine protected areas which would exclude this fishing technique.
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5. IDENTIFICATION OF MARINE PROTECTED AREAS IN
THE MANNING SHELF BIOREGION

5.1 INTRODUCTION

Over the past decade there has been a world wide recognition of the dwmdlmg numbers of sharks
{Compagno, 1990; Dares & Nammack, 1998). This has resulted in the identification of a variety of
management initiatives to assist with the conservation of sharks. For example, various species including
the Grey Nurse Shark have been given protected status and/or listed as threatened species by the TUCN
(IUCN, 1996) and management agencies (e.g. NSW Fisheries and Environment Australia).

The continued declines in recent years have also resulted in more proactive management measures to
protect sharks and their habitat. For example, temporary closures are now used to prevent human
disturbances of the nurse shark (Ginghymostoma cirratum) during its mating activities at the Dry
Tortugas Islands (Carrier & Pratt, 1998). Moreover, there are many marine parks that include habitat
 utilised by sharks, but few, if any, marine protected areas have been declared soley for the conscrvauori

of a shark.

This chapter examines: (1) the role marine protected areas could have in the conservation of the Grey
Nurse Shark, (2) the type of protection (i.e. permanent versus temporary closure), and (3) the location of
potential marine protected areas in the Manning Shelf Bioregion. :

5.2 THE ROLE OF MARINE PROTECTED AREAS

The results of the review (Chapter Two) and the surveys (Chapter Four) clearly show that Grey Nurse
Sharks are found in or near deep, sandy-bottomed gutters or in rocky caves around inshore rocky reefs
and islands at depths between 15 and 25 meters. The results of the three surveys also suggest that Grey
Nurse Sharks migrate along the NSW and southern Queensland coasts at various times of the year.

- Similar migratory movements have been documented in detail off South Africa and along the east coast
of the USA. With this in mind, it is important to evaluate whether marine protected areas can assist with
the shark’s conservation. When not migrating,; Grey Nurse Sharks aggregate in gutters etc. (see above).
The results of the three surveys have shown'that 67 - 88% of the sharks observed were in aggregations,
consequently if marine protected areas were declared at the known aggregating sites a large percentage
of the population would receive a high degree of protectlon from threatening processes (e g. the
madvertent capture on bottom setlines) that occur in similar locations.

The aggregatlon sxtes appear to be important for many activities mcludmg matmg and pupping. At

present the particular sites utilised for mating and pupping are not known. In the absence of this
information the most parsimonious approach would be to ensure that all _aggregatlon sites are protected.

5.3 TYPE OF PROTECTION B _ _

There are three means of providing protection to an aggregation site. First, the site could be included in
a sanctuary zone within an existing or planned, multiple-use Marine Park under the NSW Marine Parks
Act, 1996. A system of multiple-use Marine Parks is currently being set up in NSW using
bioregionalisation studies. It is highly likely that the system of multiple-use Marine Parks will include
the habitats utilised by Grey Nurse Sharks: Second, the site could be declared as an Aquatic Reserve
under the Fisheries Mandgement Act, 1994, Third, the site could be protected on a temporary basis (up
to a period of five years) via a fisheries closure under Section 8 of the Fisheries Management Act, 1994,
As outlined below the advantages of Aquatic Reserves far outweigh those of fisheries closures and
provide the maximum amount of protection that can be delivered under The Fisheries Managmenz Act,
1994. Therefore, it is recommended that Aquatic Reserves be utilised for the long-term conservation of

-the Grey Nurse Shark along the NSW coast..
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5.3.1 FISHERIES CLOSURES ‘

Fisheries Closures can be implemented to provide protection of habitat and species. They are temporary
closures for periods of up to five years and are not zoned for varying levels of use. However, a fisheries
closure of long-term duration (i.e. 3 - 5 years) may provide as much protection as an Aquatic Reserve
because it has the ability to remove any threatening processes. It is important to tecognise that fisheries
closures are not declared via a parlimentary process and therefore do not satisfy JUCN criteria. There

are several advantages and disadvantages of unplementmg fisheries closures for the conservation of Grey

Nurse Sharks.

5.3.1.1 Advantages:
o  Short-term closures can be implemented on a seasonal” basis to cover periods of time when Grey

Nurse Sharks occupy a site.
~*  They permit multiple-use of the site when the sharks are not present.

5.3.1.2 Disadvantages:
¢ May resirict commercial and/or recreational fishing activities when in force.
* They require regular monitoring to document the timing and/or duration of occupation of the site by
Grey Nurse Sharks.
*  Requires the replacement and removal of temporary buoys to delineate the closure.
* - Will only protect sharks and associated habitat for intermittent periods of time.
o  The variable timing of closures from year to year is not conducive to the planning of commercxal

and/or recreational activities.
Do not protect other biological attributes, as yet unknown, that attract the sharks to the site on a

contmuous basxs

2 5.3.2 AQUATICRESERI/FS
Aquatic Reserves can be declared (Via parlimentary process) to provide protection of habltat and species.
They are permanent closures and as such mect IUCN criteria. Aquatic Reserves may be zoned to include
sanctuaries and areas of restricted use. There are several advantages and disadvantages of implementing
Aquatic Reserves for the conservation of Grey Nurse Sharks. -

5.3.2.1 Advantages:
¢ They do not require regular monitoring to document the timing and/or duration of occupanon of the

site by Grey Nurse Sharks.

e They protect key habitats and species.
* Permanent buoys identifying the extent of the reserve can be utilised for the mooring of boats

- preventing anchoring and its associated habitat damage and stress on the sharks.

' Protect other biological attributes, as yet unknown, that attract the sharks to the site.

» Act as refugia for species of fish consumed by Grey Nurse Sharks that are also targeted by
commercial and/or recreational fishers.

* Can allow for multiple use with varying degrees of restriction of act1v1tles

5.3.2. 2 Dlsadvantages , _ _
e Will restrict commerciql and/or recreational fishing activities that threaten the Grey Nurse Shark.

5.4 RECOMMENDED SITES FOR CONSIDERATION AS AQUATIC RESERVES

The three surveys showed that aggregations of Grey Nurse Sharks occurred at seven sites (Table 5.1)
within the Manning Shelf Bioregion. Moreover, if these sites were marine protected areas they would
provide protection for 50 - 57% of the observed population of Grey Nurse Sharks along the NSW and

_ southern Queensland coasts. Consequently, it is recommended that these seven sites be considered for
declaration as Aquatic Reserves for the long-term conservation of the Grey Nurse Shark
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Table 5.1. . The location of sites with aggregations of Grey Nurse Sharks that would contribute to
the conservation of the species if declared as Aquatic Reserves. ‘

LOCATION SITES
South West Rocks Green Island
Fish Rock

Laurieton : Cod Grounds -
Forster Pinnacles

' Seal Rocks Big Seal Rock

' Little Seal Rock

Port Stephens Broughfon Island

In the absence of detailed information concerning the localised, short-term movements of Grey Nurse
Sharks at these sites it is recommended that small Aquatic reserves (i.e a radius of 500 - 1000 m) be
declared initially at these sites. As discussed earlier it will be necessary to document the diurnal
movements of Grey Nurse Shark at these sites using acoustic tags and associated computerised tracking
equipment. This technigue will provide the only means of documenting the localised patterns of
movements around these sites.- Once localised movement information is available, the size of the
Aquatic Reserves should be reviewed. However, in the interim, the reserves could be augmented with
specific gear closures if data suggested that the marine protected area was of msufﬁc1ent size to
effectlvely protect the Grey Nurse Sharks at the particular site. :
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Need for Future Surveys

These surveys have a number of limitations with respect to identifying whether a system of marine
protected areas could be used to assist in the species' conservation. While the surveys were carried out at
50 - 61 sites along the NSW and southern Queensland coasts, they cannot identify: (1) the degree of .
inter-annual variability in the estimated abundance of Grey Nurse Sharks, (2) migratory patterns, (3) the
timing and duration of occupation of any given site, (4) whether a site is used for pupping and/or mating,
(5) the degree of short-term fluctuations in abundance as a result of possible localised (non- mlgratory)

movements.

‘While further surveys will provide additional information concerning the relative movements of male
and female Grey Nurse Sharks, it will be necessary to tag individual Grey Nurse Sharks to fully
document possible migratory movements in the coastal waters of SE Australia. In doing so, it will be
necessary to tag individuals at various locations along the coast and deduce their movements from
subsequent sightings by divers, captures in beach protective nets, and inadvertent captures on bottom
setlines. Apart from assisting in'documenting the hypothesised migratory movements, a tagging study
would provide information in three additional areas. First, tagging provides an alternative means of
estimating the abundance of Grey Nurse Sharks in NSW waters and along the SE coast of Australia.
Second, atagging study would enable estimation of the rates-of inadvertent capture (i.e. as by-catch) on
bottom setlines. In doing so, it would be possible to assess the degree of threat to Grey Nurse Sharks
posed by the bottom setline fishery. Third, the observations of tagged individuals by divers would

~ enable the timing and duration of occupancy of a site to be quantified.

Fluctuations in abundance at any particular site will likely be the result of short-term, localised
‘movements. The range over which these movements occur is, as yet, unknown and it will be important
to document this because they will ultimately affect the size of marine protected areas declared to assist

with the conservation of the Grey Nurse Shark. Documenting the short-term, localised movements
would be best achieved by using electronic ("smart") tags as they maximise the amount of information
gained whilst simultaneously minimising the effort required within a réstricted time period. The only
drawback is their initial cost. However, it is unlikely that the necessary information couid be obtained by

any other means for an equivalent investment of funds.

Currently few data on the timing of reproduction exist. It will be essential to obtain all Grey Nurse
‘Sharks that die as a result of incidental capture in beach protective nets or as a result of fishing. -
Autopsies of these individuals will provide the only means, short of capturing individuals from the wild
population, to document the timing of reproduction along the NSW and southern Queensland coasts.

6.2 Conservation Status

At the same time as the November/December 1998 survey was bemg carried out, the NSW Fisheries
Scientific Committee recommended that the Grey Nurse Shark be listed as a Threatened Species in
NSW. The Grey Nurse Shark is now listed on Schedule 5 as a Threatened Species with VULNERABLE
status as provided for under Part 7A, Division 2 of the Fisheries Management Act, 1994. In declaring
the Grey Nurse Shark a threatened species, NSW is now in line with Commonwealth legislation (i.e. the
Endangered Species Protection Act 1992) where the shark also appears as VULNERABLE.

It'is important to note that the status of the Grey Nurse Shark on the IUCN Red List of Threatened
Species was upgraded from vulnerable to endangered off the east coast of Australia in July, 1996. The
decision to do so was mainly based on: (1) data from the NSW beach meshing program (i.e. at
Newecastle, Sydney and Wollongong beaches), and (2) the results of the previous surveys at Seal Rocks.
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The results of the three coast-wide surveys carried out in this present study suggest that the Grey Nurse
Shark population in NSW coastal waters has nat recovered since it was protected in 1984 and has
.confirmed the precarious position of the species. In light of the results of this study it is recommended
that the status of the Grey Nurse Shark be reviewed by the NSW Fisheries Scientific Committee with a
view to upgrading the status from VULNERABLE to ENDANGERED under the Threatened species

provisions-of the Fisheries Management Act, 1994,

6.3 RECOMMENDA’I_‘IONS

To ensure the recovery of the Grey Nurse Shark population it will be necessary to enhance species and
habitat protection and answer several addmonal management-related questions. Consequently, it is
recommended that:

1. the status of the Grey Nurse Shark be rev1ewecl w1th a view to upgrading the status from
. VULNERABLE to ENDANGERED,
2. Green Island, Fish Rock, Cod Grounds, The Pinnacles, Big Seal Rock, Little Seal Rock and
- Broughton Island be considered for declaration as aquatic reserves to assist in the long-term

conservation of the Grey Nurse Shark, '

3. further surveys at the various sites along the coast be done to document the short-term spatial and
temporal fluctuations and inter-annual variability in abundance,

4. the location, timing and number of pups born be quantified to estimate the average rate of

recruitment, .
5. estimates of the pumber of sexually mature females be quantified and the location of mating sites be

identified, :
6. the timing and direction of mlgratory movements of Grey Nurse Sharks be quantified by usmg

tagging techniques,
7. the proportion of Grey Nurse Sharks repeatedly observed in‘the surveys be quantified using tagging
techniques as this will provide an mdependent assessment of the populatlon status and an estimate of
the total population; :
estimates of the rates of inadvertent capture on bottom setlines be quantified, and
9. acoustic tagging techniques be used to document the localised, short-term movements as these will

determine the efficable size of Marine Protected Areas.

i
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GLOSSARY
Abundance: number of organisms per unit of habitat space.

'Aggregation: a collection of individuzils;-

" Anecdotal:  things unpublished; a , short narrative of a particular incident or occurrence of an mterestmg
nature, '

Autopsy: ihspection and dissection of a body after death.

Biennial: an event happening every two years.

By-catch: the component of the catch (often discarded) excluding the targeted _commerciall s_pecies;
Buoyancy: the ability of an object to float in water.

Cannibal: any animal that eat-s its own kind.

Ca._uda[: .pertairiing to the tail region.

Cavei,: a naturally or artificially fo.rnied.hollow area, chamber, or seric_as of chambers in rock.

Cavern: a vast subterranean hoflow or underground chamber in a rock. Same as a cave, but implying
large size and indeﬁnite extent.

Claspers: modified portions of the pelvic fins in n male sharks, rays and chimeras used for transferrmg
sperm to the female. : ‘

Common Name: the informal vernacular name for a fish (or other orgamsm), which may vary from
place to place) : .

Congeneric: individuals or populations of the same genus.
'Conservation- the act of preservation of natural resources.

Contmental Shelf: the shelf-like part of the seabed ad_;acent to the coast extending into a depth of
200 m. ,

. -Copulation: mating between sexes associated with internal fertilisation.
Crustaceans: major group of animals, including crabs, shrimps, prawhs, lobsters and crayfish.
Cusplets: small projections on the tooth.

Dorsal: pertaining to the upper part or the surface of the back.

Emhryo: a developing animal.

Equatorial: pertaining to, or near the eciuator.
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Fecundity: the total amount of eggs/young produced by a female during a single reproductivé cycle.

Follicle: a small cavity, sac or gland.

- Fusiform: spindle shaped, tapering at both ends.

Genus (pl. gehera): a term used in classifying organisms; contains one or more related speciés.
Gestation: duration of 'c_levelopment of the embryo from conception-to birth.

Gonadal: pertaining to a sexual gland.

Gutter:' a channel.

Heterocereal: caudal fin shape with unequal lobes, the upper lobe being larger than the lower.

Hydroid: a tiny polyp of a Cnidarian.
, iﬁter—annual: between years.

Lanceolate: broad at base and tapering to a point; spear-shaped or lance-shaped.
Legislation: a law or body of laws enacted.

Longevity: the natural lifetime of an organism.

Maturity (Maturatlon) the period following attamment of fuIi development of bodily structure and
reproductive faculty. -

Migrating: moving from one area of habitation to another.
Morphology: the science of form and structure of animals, as distinct from consideration of functions.

Nictating Membrane: a transparent, moveable membrane inside the eyelld {inner eyehd) that protects
and helps keep the eye clean.

Nomenclature: the systematic namiﬁg of plants and animals.
Oophagous: feeding mainly or exclusively on eggs.

Ov1phagy method of embryonic nutrition where the embryo feeds on unfertilised eggs or other embryos
- in thenterus.

Ovovivipai:bils: producing eggs that hatch within the body of the parent female, but there is no placental
connection.

Parturition: the act or process of birth.
Pectoral: pertaining to the breast,
Population: a biological unit; representing the individuals of a species living in a particular area.

Posterib'r:_ relating to the hind or rear portion.
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Regulations: a rule or order, as for conduct, prescribed by an authority.
Reproduction: the process by which living organisms multiply.
Sagittal: section or division in median longitudinal plane.

Seientific Name: the formal binomial name of an organism consisting of the genus and specific names; a
species has only one valid scientific name. '

Scuba: Self Contained Underwater Breathing Apparatus.

Species: actually or potentially inter-breeding populations that are reproductively isolated from other -
populations; the basic rank of biological nomenclature. '

Synonym (adj. synonymous): each of two or more scientific names of the same rank used to denote the
same taxon (any formal taxonomic unit or category of organisms (genus, species, family, etc.).

Taxonomy: science of the classification of living organisms.

Temperate: moderate in respect of temperature, the zone of the earth’s surface lying between each of
the tropics and the polar circle riearest to it. ‘

Teleost: a large group containing mostly bony fishes.

Vertebral Centra: central backbone
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