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NON-TECHNICAL SUMMARY

2002/064 Northern Australian sharks and rays: the sstainability of target and
bycatch fisheries, Phase 2.

PRINCIPAL INVESTIGATOR : John Salini

ADDRESS: CMAR

PO Box 120
Cleveland, Qld. 4163
Telephone: 07 3826 7244  Fax: 07 3826 7222

Project Objectives

1.

Establishment of long-term collection of catch casifon data from target shark
fisheries in northern Australia (NT Joint Authoritghark Fishery, NT Coastal Net
Fishery, Queensland Joint Authority Shark Fish€@ugeensland N9 Shark Fishery, WA
Joint Authority Shark Fishery, WA North Coast Sh&ikhery, Queensland East Coast
Net Fishery), in order to improve stock assessments

To determine the appropriate management scale Her target species of northern
Australian shark fisheries, by examining the degeavhich stocks are shared across
northern Australia and with Indonesia.

To evaluate the effect of gillnet fishing on nortmechondrichthyans, by determining
bycatch composition (Queensland N3 Net FisheryeQskand East Coast Gillnet Fishery,
NT Barramundi Fishery, WA Kimberley Gillnet and Bamundi Fishery).

To derive estimates of biological parameters tessshe status of sawfish populations;
age structure, reproduction and growth.

To re-evaluate the risk assessment of northerndrahthyans (undertaken in the EA
project), based on the new information collectedvab This risk assessment will be
compatible with the one undertaken in applicati®®DIE 2002/033 (Pl Terry Walker) in
line with the NPOA-Shark priority for a national mpach to risk assessment for
chondrichthyans.
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Non Technical Summary:

KEYWORDS: Sharks, management, fishery, observer, paulation structure, sawfish, shark
bycatch, risk assessment.

OUTCOMES ACHIEVED TO DATE

The outcomes from the project were direct and eéddiresults and involved major changes to both the
shark catch reporting and the effort by fishengeédy in the form of a reduction in real or latefifort.
Most of the outcomes were directed at deliveringerdetailed fishery information that will contrileut

to improved stock assessments by improving; i) $pecies composition information (use of
observers) from both target and bycatch shark fisbgeii) the catch and effort records, iii) fisher
awareness of sustainable fishing, iv) fisher aceg® of the impact of fishing on sharks, especially
since most shark fin is exported.

Related outcomes include:

Changes to shark log books to reflect more acciggeies composition and effort, management
changes to reduce effort on a geographic scale (@YA&ppping effort by consolidating licenses
(NT) and declaring sawfish protected species (W&Y)ark fisher representative bodies have
independently demonstrated long-term commitmesutiainable fishing by developing Codes
of Conduct to encourage live release of sawfishre/possible (NT). These outcomes will
provide information that will improve elasmobransiock assessments and they highlight the
reality of shark bycatch from non-target fisherias recorded by project observers), even when
these sharks are not normally recorded as catch.

Updated risk assessment that allows managementeaedrch to focus on higher risk species.

Evaluation of the status of northern sawfishes thelps identify management and research
priorities.

The importance of the shark fishery has been emthhy the high public profile of sharks, the
sensitivities and value of the shark fin trade #mal explosion in illegal foreign shark fishing asso
northern Australia (also driven by high fin valueghe lllegal, Unreported, Unregulated (IUU) shark
issue has largely developed within the course &f phoject and for this reason resource managers
need the latest information on the species compasdnd catch rates for, target shark fisheries,
fisheries that take shark as bycatch (mackeregfigh, barramundi gillnet fishers, trawl fisheriasd
illegal (foreign) shark fishing. The consequencehsaf high value of shark fins means that the effort
directed towards shark by Australian and IUU fishdras increased significantly in recent years.
Australia has a responsibility to manage the néuistralian shark fishery, and other fisheries that
take sharks, in an ecologically sustainable wayis Tesponsibility is driven by several factors,
including legal obligations that are linked to thational Plan of Action (NPOA) for the Conservation
and Management of Sharks (administered by DepattrokrAgriculture, Forestry and Fisheries,
DAFF), the general public and conservation groups.

Since sharks tend to be slower growing and hawavarl productivity (reproductive potential) than fin
fish, there is concern for their ability to withsthincreasing fishing pressure. In order to provide
information useful to shark fishery managers, finigect set out to:

(1) provide data to enable these fisheries to ivggiock assessments,
(2) ensure management is at the appropriate swastdcks,
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(3) address some of the EPBC Act guidelines and
(4) align with the National Plan of Action for tionservation and Management of Sharks.

The establishment of shark fishery observers in \NA,and Queensland was successful in terms of
the target shark fisheries in each jurisdictionthe barramundi fisheries (shark bycatch fisheries)
there was limited success in gaining observer tintle fishers. Future effort to monitor shark bydatc
fisheries such as the barramundi fishery, may reqeboperative log-book changes to improve the
recording of shark bycatch. This outcome was toirfmuded as part of a future FRDC project
(unsuccessful proposal) to help Qld and NT juridits introduce the improved log books.

Establishing shark fishery observers was underta{gihtly differently in each jurisdiction. WA
Fisheries were able to incorporate an existingkstesearcher (Justin Chidlow) for the durationiaf t
observing schedule, as was the case in Queenslahdries where the project phase 1 observer
continued in that role (Stirling Peverell). Keepiag observer in the NT shark fishery was more
challenging with three observers filling the roléhe biological data collected by observers was less
than expected and remains a limiting factor inriek assessment calculations for the less abundant
species.

Understanding the management scale based on gstmtic structure of the major target species,
sorrah and C. tilstoni was achieved using mtDNA and nuclear DNA (micteltites) procedures.
These revealed that Australian caught and IndonesiaghtC. sorrah(spot-tail shark) were separate
from each other, although both species showed netmgeseparation across northern Australia and the
east coast. This reflects their bentho-pelagicifegtdehaviour and high mobility, although tilstoni

are not recorded from Indonesia waters and areiatest to northern Australia. This implies that
uniform management of this species across jurisaistis needed for sustainable exploitation.

An understanding of the status of sawfish in ndxtistralian waters was enhanced by records from
WA, NT and Queensland, although records were lleas ainticipated. However, small advances in
our understanding of their distribution/habitat eenade from location of capture data. The main
problem in determining trends in sawfish abundasme obtaining biological data was the rarity of
sawfish capture (or reporting) in commercial operet. The difficulty in obtaining independent
bycatch records from inshore gillnetters such asabaundi fishers was reflected in the lack of
sawfish information from these fisheries. Increabaogical information was obtained for all four
species although life cycle parameters for age guoavth were compromised by a lack of large
specimens and a lack of validation of ageing dakeeir high vulnerability to gilinets and trawling
makes further research on their biology and hahgatof paramount importance, if shark fisheries ar
to mitigate against the threat to sawfish. Moreadat the habitat utilisation and long term movement
patterns are required to mitigate the effects siifig. Fishery awareness of project research helped
stimulate proactive measures to avoid sawfish autesns and to elect to release live sawfish as a
‘Code of Practice’ measure.

Data on fishery specific species composition as asshew data on the biology of some species were
used to update the risk assessment. The origslalagsessment methodology was modified to better
suit available data and take into account the rarigeethods (gear) used to capture elasmobranchs.
Comparisons between the risk assessment methodalegyl by Terry Walker (FRDC project
2002/033) and those developed in this project wieside to determine the best approach for northern
Australian elasmobranchs. The risk was evaluatedh grer fishery basis and a cumulative Risk
Assessment over all fisheries. This revealed updtdigh risk species, with susceptibility to gilise
and low productivity the major factors contributirig their ‘high risk’ status. These included
sawfishesPristis clavata, P. microdon, P. zijsrgrgiant shovelnose rayRfinobatos typuskhark ray
(Rhina ancylostonja speartooth sharksGlyphis sp. A, Glyphis sp. C), the great hammerhead
(Sphyrna mokarran)the lemon sharkNegaprionacutidens) Pig eye Carcharhinus amboinengis
and three whaler species. (brevipinna, C. leucas, C. limbatus).

Keywords: shark fishery, risk assessment, sharkctide of practice, sawfish, sustainability.
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1. CHAPTER 1 INTRODUCTION

1.1 Background

Recent I mpacts (not discussed in the original proposal)

One of the overriding influences on the shark fighindustry in north Australian waters over the
duration of this phase 2 project, has been thegdwmm fishing effort brought about by high finqas.
Apart from changes in effort within the north Awadian shark fisheries, the great unknown has been
the extraordinary surge in illegal foreign fishingpainly for sharks, from the Memorandum of
Understanding (MOU) box in north-western Australiaters, right through to the Torres Straits. The
impact of lllegal, Unregulated, Unreported (IlUU)ask fishing was starting to be recognised as a
significant factor when the current project beghine project was not designed to address 1UU shark
fishing, although recent surveillance data suggBs$t$ shark effort and catch may overwhelm the
Australian shark effort and catch.

A measure of the estimated foreign catch of shads now become a priority for the next FRDC
Shark Mitigation project proposal and is an urgeatter for WA, NT, Queensland and the Australian
Fisheries Management Authority (AFMA) managers oftimern shark resources. In recent months
(early 2006), proposals for estimating the efford @atch of sharks by Foreign Fishing Vessels én th
north have been submitted to AFMA for funding, wiltle Effort Estimation project approved in April
2006. Such projects, together with the NAFM stritesnd operational plans directed at northern
sharks, will eventually place the IUU shark effortits true perspective in relation to the Ausaali
effort.

Background for the original project (excluding |UU fishing)

There is increasing international and national eomcover the sustainable management of
elasmobranchs (sharks, rays and sawfishes). $hdae to rapidly increasing catches, in part driven
by high prices for fins, and the vulnerability dagmobranchs to overfishing. International concern
for elasmobranchs is reflected by the developménturo International Plan of Action for the
Conservation and Management of Sharks (IPOA-Shdrkghe Food and Agriculture Organisation
(FAO) of the United Nations. In line with the IP@&harks, Australia is developing a National Plan
of Action for the Conservation and Management oar&s (NPOA-Shark, coordinated by AFFA,
developed with the assistance of the Shark AsseddBreup, SAG). The International Union for the
Conservation of Nature (IUCN) is also currently gwoing a global action plan for the conservation
and management of elasmobranchs. These interahteomd national action plans will have
implications for Australia’s management of elasnasizhs.

Within Australia, fisheries management is incregsiits focus on ecologically sustainable
development. The recent Environment ProtectionBindiversity Conservation (EPBC) Act requires
fisheries that export any product to be assessaut@iag to guidelines. This assessment examirees th
ecological impacts of the fishery on target andpbyduct species, bycatch species, threatened,
endangered and protected species, marine habitdtsnarine food chains. There is also increasing
national concern for some groups such as sawfighktide). The sawfishes are considered by the
IUCN Shark Specialist Group to have all specietedisas at least vulnerable status, with most
endangered or critically endangered (Simpfendo#@0). In Australia, some sawfish are considered
vulnerable and there are strong concerns aboubtigeterm viability of tropical species. The bydatc

of these species is unknown in most fisheries.

Updated Risk Assessment

The SAG and NPOA-Shark (ratified by the Minister feisheries Forestry and Conservation, April
2004) have identified the risk assessment of Aliatraelasmobranchs, undertaken with a national
approach, as a high priority for research. Thk asissessment proposed in this project is fundahent
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to the NPOA-Shark and management agencies’ albdityrioritise their actions for the conservation
and management of sharks. The risk assessmenttakele in this project will contribute directly to
this. In order to achieve a national approacts fitbject is aligned strongly with Terry Walker's
FRDC Project Proposal ‘Rapid assessment of susitityafor ecological risk of shark and other
elasmobranch bycatch species taken in the SoutBeank Fishery, SSF, Southeast Net and Troll
Fishery, SENTF, Southeast Trawl Fishery, SETF (tlogv Commonwealth Trawl Sector) and Great
Australian Bight Trawl Fishery, GABTF (FRDC 2002®). Together, the two projects will produce
compatible risk assessments of elasmobranchsdmilitih the recommendations of the NPOA-Shark.

Several initiatives have been taken to ensure @bgament between the two projects. One is fer th
Principal Investigator of each of the two projettisserve as a Co-Investigator on the other project.
Each year, the Principal Investigator from the Nerh Australian Project Team will meet with
members of the Southern Project Team and, conyeithe Principal Investigator from the Southern
Australian Project Team will meet with members loé tNorthern Australian Project Team. John
Stevens is also a co-investigator on both projedsiother major initiative is for the national SAG
serve as a steering committee for both projecte BAG will assess progress against project
objectives, ensure alignment with NPOA-Shark olyjest and have the authority to direct changes to
the research as part of its functions of review aterage. Milestone reports and other progress
reports for the present project will be submittedRDC via initially the SAG, and subsequently the
FRDC Sub-program, if it is formed. All publicatignsiedia releases, radio interviews, conference
abstracts, magazine articles will be submittechttaily the SAG, and subsequently the FRDC Sub-
Program, for approval in writing prior to distrilort or release. The SAG will also provide another
mechanism for facilitating the uptake of projectpuis by the relevant management agencies.

llona Stobutzki fow with Bureau of Rural Sciences, BREerry Walker and John Stevens were also
involved in the AFMA funded project ‘Ecological RisAssessment for Commonwealth Fisheries’
(ERA Project) which aims to develop appropriatehrods and undertake ecological risk assessment
for fisheries. The risk assessment methodologigsldped in the ERA Project will feed directly into
this proposal and FRDC Project Proposal 2002/033 éy Walker). The Final Report for the EA
project The Sustainability of Northern Australian SharksdaRays which used the relative risk
assessment method, was submitted in March 2002.

Project link to management

This project will address important local and regib fisheries management issues in northern
Australia. For target shark fisheries within Queand, Northern Territory and Western Australia the
project aims to enable effective and sustainaBleefies management. This will be achieved through
providing the data necessary to

(1) enable these fisheries to improve stock assEssm

(2) ensure management is at the appropriate smagtdcks,

(3) address some of the EPBC Act guidelines and

(4) align with the NPOA-Shark and NAFM strategicaperational plan

Across the northern Australian region this projeeil examine the impact of fishing on
elasmobranchs therefore:

(1) enabling managers to prioritise species farrimanagement,
(2) contributing to the EPBC Act assessment ofefisds that catch elasmobranchs as bycatch, and,

(3) align with the broader issues in the NPOA-Shard NAFM strategic and operational plan

The National Shark Assessment Report (Draft, pexplay the SAG for AFFA) as part of the NPOA-
Shark (ratified April 2004), lists the following asgnificant issues in regard to the take of shark
Australian waters:
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i) a general lack of species identification andrdgifigation of shark taken in target and non-target
shark fisheries;

i) lack of consistent and accurate data collectiad reporting of shark catches across all fiskerie
and jurisdictions;

iii) lack of scientifically defensible stock assesmts for some targeted and important by-product
species;

iv) management of the overall impact on shark sggewaihich are taken in two or more fisheries.

I mproved fishery data collection

This proposal directly addresses these issues @othern Australian elasmobranchs. Catch
composition data will be collected in the targshéries (NT Joint Authority Shark Fishery, whicts ha
become the NT Offshore Net and Line Fishery, QuaeadsJoint Authority Shark Fisheryngw
merged with the N9 Queensland N9 Shark Fishery, WA Northern Shaskedty, Queensland East
Coast Net Fishery), based on trials conducted duwrtmase 1 (FRDC 2001/077). This project will also
work towards consistent and continued data cotlecdicross all target fisheries.

Bycatch composition will also be collected from thern net fisheries that catch elasmobranchs as
bycatch (Queensland N3 Net Fishery, Queensland&aesit Gillnet Fishery, NT Barramundi Fishery,
WA Kimberley Gillnet and Barramundi Fishery). Theare several northern fisheries for which
elasmobranch bycatch information is already avkdlgb.g. Northern Prawn Fishery, Torres Strait
Prawn Fishery and East Coast Otter Trawl Fisherginfprevious and ongoing FRDC research
projects. This information will enable improved dtoassessments for the target fisheries that are
based on the take not only in the target fishdrigsalso in the bycatch fisheries.

Management scale for blacktip sharks

The validity of the stock assessments for the rteiget species will also be ensured by an anabfsis
the stock structure of the primary target speci@arg¢harhinus tilstoniand C. sorral). This is
important for determining the appropriate scalem@nagement. In the 1980s, population genetics
analyses using allozyme-based techniques wereedaouit on these species (Lavery and Shaklee
1989). This study showed little detectable popafatstructure across northern Australia. However
genetic techniques have advanced significantly #red issue of shared stocks with Indonesian
fisheries has yet to be resolved. This project taltle advantage of samples collected in Indonesi b
CSIRO/Murdoch University/Indonesia/ACIAR project tmldress the issues of shared stocks with
Indonesia (ACIAR FIS2003/037).

This project will contribute to the managementlad bverall impact on shark species that are taken i
two or more fisheries by undertaking a risk assesgrof all northern elasmobranchs, based on the
new information collected above. The project wilteigrate the catch information from the different
fisheries with available biological and ecologickhowledge of the species to examine the
sustainability of the catches of northern elasmiotina. This will highlight potentially vulnerable
species that may require management action to emiseir sustainability. This risk assessment wéll b
compatible with that undertaken in FRDC Projectgesal 2002/033 (Pl Terry Walker) and will feed
directly into the NPOA-Shark through the SAG stegrcommittee. Recent developments with the
risk assessment have shown that this is most feawiba fishery by fishery basis.

This project will also collect biological informath on the sawfishes. There is very little knownwbo
the biology of this group and yet they are the foaf concern. The collection of biological
information will contribute directly towards ‘prodtivity’ parameters in the risk assessment and
thereby enable a more robust assessment of thefirpfsheries on this group.

The Northern Australian Fisheries Management (NARMYrkshop has identified the sustainable
management of elasmobranchs in northern Austraia digh priority since 1998 and this was
reiterated in 2001. The NAFM workshop is attended Queensland, WA and NT fisheries
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management and research organisations as well asm@Gowealth agencies (AFMA, BRS and
CSIRO). Based on NAFM'’s requests CSIRO/QId DPI/NHFIEEFWA/BRS have been developing and
undertaking projects to address this issue. lhjtial desktop study was funded by Environment
Australia (EA) (1999-2002). The EA project is cti@ all available information to provide an
assessment of the impact of both target and bydmteéries on elasmobranchs in northern Australian
waters. However the EA project is limited by theklaof catch composition from most fisheries. In
2001 FRDC funded Phase 1 of the current propogIDE 2001/077) to begin to address this issue,
by trialling an observer program to collect catabmgposition information from the target shark
fisheries. Phase 2 will ensure this data contirtoebe collected and will extend this collection to
fisheries that take elasmobranchs as bycatch. nBWhase 1, workshops with industry were held to
determine what issues concerned industry memba®ifér — December 2001); the output of these
workshops will be integrated into Phase 2. Durimg pproject, NAFM in 2004 and 2005 focussed most
of its attention on the growth of IUU fishing thi@irgets sharks in the north and developed a shark
strategic and operational plan. New projects the¢stigate the characteristics of the IUU sharklcat
have been funded by AFMA and these projects witintwally lead to a scientifically valid estimate of
the 1UU effort and catch.

This project builds on previous research in theREBZNorthern Pelagic program, recently completed
and ongoing FRDC projects, and the extensive ezpeei of the collaborating agencies. The proposed
research will extend the work in FRDC 96/257 (Egidal sustainability of prawn trawl bycatch)
where elasmobranchs, particularly sawfishes, wiglelighted as a potentially vulnerable group. This
project also links with a CSIRO/Murdoch Universh@IAR project examining artisanal shark and
ray catch in south-eastern Indonesia. Samples fratonesia will be used to examine whether the
main target species of northern Australian shasheiies are shared between the two countries. This
project will utilize data collected from FRDC 9584 99/125 (TRAP Phase | and Il). This project
will also take advantage of the high level skillglacollaborative links already established amorgg th
team members.
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1.2 Need

The management of northern elasmobranchs has mgstreed for research to address local and
regional management issues. The need is fundamanthithe Northern Shark Stock Assessment
Review Workshop (Queensland, NT, WA and the Comnaaitl), Broome 2000, identified the lack
of species identification in NT and Queensland loadcin target and bycatch fisheries as a major
concern. This has been clearly recognised at $&t@bry, national (NAFM) and international (FAO,
IUCN) levels. The sustainability of these speceslso an explicit priority with stakeholders. The
Northern Australian Fisheries Management (NAFM) Wabiop (Queensland, NT, WA and the
Commonwealth) identified research into elasmobrarashhigh priority in 1998, 1999, 2000 and 2001.
The NAFM Workshop agreed to write to FRDC to reiterthe high priority of this project. Professor
Carl Walters, at a Stock Assessment Workshop inviDarexamining northern shark catches, also
highlighted the issue of inadequate data (Waltexd Buckworth 1997) while the National Shark
Assessment Group (Nov. 2000) also identified simgaues. There is also a clear need to determine
the extent of shared stocks, both within Austraha with Indonesia, to ensure the management scale
is appropriate.

This project will also address the critical needifdormation on the biology and catch of sawfishes
northern Australia, research for which EnvironmAnstralia have also indicated their support. The
first phase of this project (Jul 2001 - Jul 200&)aived a high priority from QFIRAC 2000 and was
funded by FRDC (FRDC 2001/077). Environment Austrabnd ACIAR have also funded
complementary research on sharks and rays in marthéstralia and Indonesia. The current project is
critical to ensuring these studies have valid, wpdte information on the current catches in nornthe
fisheries. QFIRAC has given this project very sgrasupport, ranking it second of all proposals
submitted. This project will align with FRDC Projderoposal 2002/033 (PI Terry Walker) to address
the high priority need identified by the NPOA-Shaftr a national approach to risk assessment for
elasmobranchs. This risk assessment is requiredtar to prioritise actions within the NPOA-Sharks.

Developments since the proposal was written

During the course of the project, a desktop stuflyalb available sawfish records in museums,
jurisdictional databases and the CSIRO was indiatth FRDC approval and salary contribution
from CMAR appropriation funding (see Giles al. 2005, Appendix 3). This became an invaluable
resource to the ‘status of sawfish’ objective.

The expanding IUU fishing effort in the north, esjpdly the component targeting shark fins, has
highlighted the need for accurate species compositiata from the Australian fishery in order to
compare with known IUU catch composition. Fins dscdted from apprehended foreign fishing
vessels (FFVs) provide a means of identifying tharls species caughAFMA Fin Identification -
Methods project currently underway). At a minimum, we neasl much species information as
possible from the Australian catch, via observerst least be able to compare species compositions
between the illegal foreign shark catch and thenéed Australian shark fisheries.
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1.3 Benefits

Proposal FLOW OF BENEFITS TABLE:
Traditional Fishing (by

Fishery (including aquaculture) Managed Commercial Recreational N .
Aboriginal & Torres Strait
by: Sector Sector
Islander people) Sector
NSW 0 0 0
NT 15 0 0
Qld 45 0 0
WA 25 0 0
Australian Fisheries Management Authority
AFMA - Northern Prawn 15 0 0
Total 100 0 0

Summary Flow of Benefits

Sub Total Commercial Sector 100
Sub Total Recreational Sector 0
Sub Total Traditional Fishing Sector 0
Summary Flow of Benefits 100

The original proposal nominated the project besdiibwing 25% to the WA commercial sector,
compared to 15% to the NT commercial sector. Thas Wwased on the extensive shark fisheries and
bycatch of sharks in northern WA (fish trawl, lolige and gillnet fisheries). WA has substantially
reduced effort in 2005 with the benefit possibliftsig up 5% to 20% for NT and WA benefit at 20%.
Although not part of the study, the Western Tuna Bitifish Fishery (long line) provided some tissue
samples for this and other projects and the updag&dassessments may have an indirect benefit for
that fishery.

Well managed shark target and bycatch fisherie liasreased value due to the high price of fins.
Managing effort to sustainable levels of explodatiensures that Australian fishers can continue to
take advantage of the legal fin trade, without résg to ‘gold rush’ exploitation rates or targegiof
vulnerable, large species such as shark rays amfisba Close scrutiny of catches and the gear
selectivity through improved logbook data can pdevpositive feedback to managers that should
ensure Australian fishers have a viable shark fisirethe future, assuming that 1UU fishing doe$ no
overwhelm any local benefit from well managed sHestkeries.
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1.4 Further Development

There appears to be a lack of precision and traespg in reporting of non-flesh product from sharks
in both target and bycatch fisheries. Recognitibthis weakness in shark catch information by the
Shark Assessment Group has led to the recommendhtb each fishery taking sharks must aim to
report to species (at least for the most commonispg regardless of jurisdiction, in order to ione
the stock assessments for sharks. Similarly, tieevtalue of the shark fishery can only be enhabged
full reporting of shark flesh and fins landingsn Fionvertion ratios vary from 3% for whole weight,
6.5 % for trunk and 13% for fillets (without skirjowever, scientific measurements of fin conversion
made in the field during this project reveal muateér fin ratios of at least half the currently guiesl
figures. Although unmarketable trunks may increthese ratios, small quantities of unretained trunks
should not affect the ratio to a large extent. Toerent ratios are therefore likely to allow for
significantly higher landings of fins relative toetlandings of flesh or trunks.

Ongoing observer assistance to fishers needed tdider accurate reporting.

The World Trade Organisation (WTO) requirementsdoark fisheries are; i) by June 2005 conduct
an assessment of the observer coverage needsieniffio meet sustainability objectives for the
fishery and ii) develop a scientifically robust gram for implementation from 2006. The accepted
observer coverage from NSAG was around 7%, which lergely what the project observer coverage
achieved. Although shark logbooks have been impmtdeeincorporate daily (NT) catch records and
more detailed species breakdowns, the nature ofighery requires dedicated monitoring to verify
logbook records and landings at the wharf.

The states/territory agencies have agreed to endadiated observers for this task; the fishery
management (Federal or state/territory) must ceshto ensure the observers are effective throughou
the shark fishery season. At the Northern Sharlegsment Group (NSAG) meeting in April 2005,
this commitment to ongoing observer work was suggobby NSAG.

Ongoing need to improve species ID in logbooks:

The improvement in logbook records adopted by @aédiction will need ongoing observer training
and liaison to educate shark fishers in identifyargd recording shark species. In the NT, this is
recognised as a big problem that can be addregsséddlivering skills to the deck-hands who do the
gutting, finning, trunking and assign classificasdo the catch, rather than to the skippers!

Similarly, Queensland has a commitment to improwhgrk identification as recorded in log books
via their N3/N9 observer.

Verification of shark flesh and fin landings

Port-based observer monitoring of catch landirgshis was addressed in the FRDC proposal
(unsuccessful) Assessing fishing impacts on vulnerable northerrstralian Sharks and Rays:
adopting long-term research monitoring protocols fogh risk species The management of the
shark fishery would be enhanced with improved amcyiof the catch statistics. This catch verificatio
initiative would add robustness to the current sewf catch information via the obligatory logbook
system. Appropriate incentives would need to beothiced as a way of gaining fisher cooperation
with the landings verification.

Realistic estimate of shark product value —

Ambiguity and uncertainty of true fin landings freanget shark fisheried.atest figures for shark fin
landings appear unrealistic compared to the gyaofitshark landed and the demand for fin. There
appears to be differing fin product reporting bedweurisdictions. The above recommendation would
be a step in the right direction of removing theeantainty of product value in each jurisdiction.

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2
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Unsatisfactory reporting of shark product from niamget fisheries, eg barramundi fisherieBhere
needs to be a mechanism to allow verification ef lttw reporting of shark product in all ‘bycatch’
fisheries. NT has taken steps to address the dhadich in the barramundi fishery (see Chapter 4)
and similar initiatives may need to be consideredA and Queensland barramundi and the NPF,
long line and fish trawl fisheries.

Close monitoring of catches and of the gear sefigcttan provide positive feedback to managers that
should ensure that Australian fishers have a viahbrk fishery in the future, assuming IUU fishing
does not overwhelm the Australian fishery (seewglo

Foreign Fishing Vessel (FFV) effort

This issue has expanded in direct proportion tovtiiee of fins. At the start of this project, thevas a
known, but increasing level of illegal foreign fish in northern Australian waters. Initially, mast
this effort was directed at sharks by largely artd Indonesian effort around the MOU box and
across the Arafura coastline. Coastwatch sightewpnds clearly show this spatial distribution for
years 2000 and 2001. By 2002, the coastwatch readedrly document a dramatic shift in sightings
of ‘shark’ vessels across the north, with efforpaently shifting eastward. By 2004 the FFV
sightings increased dramatically and the majorftiFleVs were larger ‘type 3’ shark boats, accepting
that coastwatch flights were targeting high acfivibastal areas more than other less prductives area
within the Australian Fishing Zone (AFZ). More disxerting for quarantine and fishery managers,
fishers and researchers, is the shift in FFV ef{ditected at sharks and reef fish) geographically
eastwards and southwards well in to the coastadmegf the Gulf of Carpentaria.

Quantifying the extent of the FFV effort and caishthe subject of a current AFMA/Coastwatch
project.

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2
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1.5 Planned Outcomes

Proposal Planned Outcomes:

Improved stock assessment data for the primary target species of northern shark fisheries due to
improved identification of the species caught, information from fisheries that take these species as
bycatch and an understanding of the extent to which stocks are shared across the jurisdictions. This
will provide managers with an improved estimate of the sustainable exploitation levels, on which to
base management decisions. As this will be collaborative across the States/Territory it will assist
managers in ensuring management is complementary across jurisdictions where necessary for shared
stocks.

The benefits of engaging three observers (WA, Nd@ Queensland) are that it has facilitated the
introduction of more detailed logbooks in NT ande®usland. These new logbooks incorporate more
detailed species identifications, although theee lamitations in identifications where deckhands do
not have the training that has been delivered toesskippers. In the NT shark fishery, the shark
species information will improve over time and ist rexpected to happen in a couple of seasons;
rather, it can only benefit from continued liaiswith fishery observers. Unfortunately, observer
support was planned as an on-going component ofelxe FRDC Shark projectAssessing fishing
impacts on vulnerable northern Australian Sharkd &ays: adopting long-term research monitoring
protocols for high risk speciébut the proposal was unsuccessful.

The understanding th&. sorrahforms genetically separate stocks between Auateadd Indonesia is

a valuable contribution to future regional stockessments for blacktip sharks. Similarly, a lack of
genetic discrimination across the north for bGthsorrahandC. tilstoni suggests that these species
can be treated as a single stock across jurisdgtiothin Australian waters.

The project has highlighted the inter-connectivilf the geographic regions, regardless of the
independent jurisdictional controls and managenwtrdtegies. The Northern Shark Assessment
Group (NSAG), consisting of the project collaborataand jurisdictional managers, has been
instrumental in paving the way for cross-jurisdiciél uniformity in shark log books. NT has
introduced their new log books in July 2005 (DaMdKey, NT Fisheries Aguatic Resource Manager,
at project Risk Assessment Workshop March 2006)lewueensland is in the process of introducing
a similar logbook that will allow more detailed sps breakdowns to be made from the data. To assist
with this process, there has also been a committeeptovide ongoing observer support in the N3
fishery, which will allow verification of speciemposition. Details of these logbook improvements
are presented in Chapters 2 and 4.

Improved management of the effect of all northern Australian fishing activities on elasmobranchs.
This project will provide a risk assessment of northern elasmobranchs that will identify the species that
management and research should focus on, due to their level of risk.

Chapter 6 presents the results of the project Rigessment, based on the additional biological and
fishery catch data collected during the projecte TH species clearly identified to be at elevaisk r
are: sawfishesRistis clavata, P. microdon, P. zijsrgnyiant shovelnose rayRbinobatos typus)
shark ray Rhina ancylostonja speartooth sharksG{yphis sp. A, Glyphis sp. C), the great
hammerheadSJphyrna mokarran)the lemon sharkNegaprionacutidens) Pig eye Carcharhinus
amboinensisand three whaler specids.(brevipinna, C. leucas, C. limbatus).

In Queensland, project collaborators have usecgprajata on shark biology and catch/effort observer
data to produce two substantial reports on theistat sharks in the Gulf of Carpentaria N3 and N9
fisheries and the East Coast finfish gillnet fighézee Chapter 2 and Appendix 3). These reporte wer
important contributions to the Ecological Risk Assment of Queensland-managed Fisheries in the
Gulf of Carpentaria (Zeller and Snape, 2006).

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2
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Alignment of the management practices of northern Australian shark fisheries with the National Plan of
Action for the Conservation and Management of Sharks.

All 10 objectives of the NPOA Sharks (italics bejothave been addressed either during, or as a
consequence of, the project.

Sustainable Harvest of Sharks & Threats to Shad&JA objectives i & ii)

Sustainable fishing has been a high priority farhestate/territory and the project has facilitatieid
awareness to the extent that WA and NT have prabsamificant changes to the targeted fishing
effort, most notably, the reduction in fishing aiaanorth western Australia, the removal of ‘latent
effort (inactive licences) and restricting longdiaffort to a single licence equivalent in NT.

To improve recording of shark bycatch from the Narramundi fishery, an allowable take of 500kg
shark per trip exists for the 24 barramundi licence

The NT Offshore Net and Line fishery, NTONL (forryethe NT Fishery Joint Authority, NTFJA,
see Tables 4.2.3, 4.2.5, 4.2.7 for a full listishéry acronyms) shark fishers elected to adoptea |
release of sawfish where possible in recognitiotheir vulnerability to gillnets.

In WA, legislation has been introduced to makettte of all sawfish illegal, although this statos f
Anoxypristis cuspidatenay be subject to review in light of its abundance

Each jurisdiction (WA, NT, QId) require landings fifis to conform with a realistic fin/flesh ratio.
This measure aims to reduce the incentive to adamany sharks as possible to increase the fih catc
regardless of the fate of the shark flesh.

Special Attention to vulnerable or threatened spe¢NPOA Objective iii)

WA Fisheries has recently introduced a ban on tpkilh Pristids (sawfishes) and dusky sharks (
obscurus, in response to their recognised high risk dfifig mortality (as illustrated by the project
risk assessment in Chapter 6).

NT shark fishers have introduced a Code of Pradkiaé encourages the release of live sawfish from
gilinets, where possible.

QDPI Fisheries has engaged commercial shark fishettse Gulf of Carpentaria to educate them in
the need to release live sawfish from gilinets hade published an extensive departmental leaflet on
methods of releasing them (AppendixSawfish Release Proceduyes

Improved consultation between all stakeholders (NRQ

The project held annual shark fisher workshops i &hd Queensland, facilitated by project

collaborators and the relevant observers. In Wi, direct contact and interaction with shark fisher

was achieved through regular observer contact Widgnsed shark fishers instead of a workshop
gathering. Such consultation was a direct causthefindustry cooperation in addressing negative
impacts on the shark stocks in each jurisdiction.

Minimise unutilised incidental catch of sharks (N*@

The NT Fisheries management has introduced a maxitakie of shark of 500kg per trip from the NT
barramundi gillnet fishery. This provides some scdépr the retention of incidentally caught sharks
during the barramundi season. The secondary besdfiiait it provides a measure of the shark bycatch
in that fishery. Queensland N3 (Gulf of Carpentanahore gillnet fishery) has no regulatory

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



CHAPTER 1 INTRODUCTION 15

restriction on shark bycatch, although a ‘per trijphit fashioned on the NT proposal is under
consideration. The fisher Code of Practice aimerkl#asing live sawfish is a positive step towards
minimising the incidental catch of these vulneradilarks (above &dPOA Sharks i)i

To minimise waste and discards from shark catcNEXA vii)

This has been addressed in part by the statutdhorties’ obligation that fishers are required to
account for fins with the correct fin/flesh rati@$T, Queensland) or, more stringently, requiring th
landing of fins with the trunk (WA).

Controls on landings of shark fins have been tighdeby management decisions (e.g. fins landed as
% of flesh) as wells as a voluntary code of conductthe NT shark fishers that encourages live
release of sawfish. In the NT, shark fishers catgph monthly landings sheet that allows a cross-
check on the fins to flesh ratios landed at thertvhd@he proposal to allow 500kg of shark per trip
from the barramundi fishery is intended to allownsoretention of dead sharks, rather than oblige
fishers to discard them.

Encourage full use of dead sharks (NPOA viii)

Fishers in the NT and Queensland N3 with dual lentiénts (Crab and Bait licences) utilise low value
shark meat as crab bait, although the shark usbdits not formally recorded in the log books.

Facilitate improved species specific catch data amahitoring shark catches (NPOA ix)

As noted above, the observers in this project pleicrew training in species identification both on
board vessels and at fisher workshop, held each Yea commitment by all jurisdictions to upgrade
shark logbooks to incorporate species identificetidhas been facilitated by the project. Each
jurisdiction now has a commitment to support obsesvn the fisheries that take sharks as partef th
need for improved species specific catch datahgaupgraded log books.

Facilitate identification and reporting of speciggecific biological and trade data (NPOA x)

Although not directly addressed by this projectekated project is currently underway to develop
appropriate DNA identification procedures for drigldark fins from the IUU apprehensions in the
north. WA collaborators on this project also susbdly completed a similar project that identifies
shark body parts from nine WA species (FRDC2003/067

Effective management and conservation of northern sawfishes. This project will provide an evaluation
of the status of sawfish populations that can form the basis of effective management of these species.

The results of Objective 4 have, indirectly, alneded to WA totally protecting all sawfish (Fish
Resources Management Amendment Regulations (N®0@p, Western Australian Government
Gazette No. 241, 22 December 2005). The sawfistiqations by Peverell (2005) and the draft on
age determinations and age/growth parameters éfdinr sawfish species (Peverell in prep.), have
been used extensively in th®éscription of Key Species Groups in the NorthelanRing Area —
chapter 8 produced for the National Oceans Office, and InC&IRO report to DEH on the
“Conservation assessment @fyphissp. A (speartooth sharkglyphissp. C (northern river shark),
Pristis microdon (freshwater sawfish) an@ristis zijsron (green sawfish)” (Stevenst al. 2005,
Appendix 3).

Increased industry awareness of the issues regarding northern elasmobranchs and the need for
accurate data on their catch rates.
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The increased industry awareness has been notell tyilaborators (WA, NT and Queensland) and

is a direct consequence of the observer time ondbeessels and the fisher workshops held annually.
In the NT in particular, the close link between rghfishers, their industry peak body and fishery
managers has been the driving force behind theiptazh of an industry Code of Conduct, a Code of
Practice and an Environmental Management Systanthi® Offshore Net and Line Fishery. In
Queensland, the ready cooperation with accessbfsgroers to shark vessels by Seafresh Seafoods has
been a clear reflection of the understanding of likeeefit of project research to the long-term
sustainability of the shark fishery.

For fisheries that export their product, recognition within the EA assessment guidelines of their actions
taken to improve elasmobranch stock assessment and address elasmobranch bycatch issues.

Improving Catch and Effort Information

All the logbook improvements (species identificatiset by set records in NT, move from monthly to
daily records) by each jurisdiction is in part apense to the need to provide fishery informatteat t
will contribute to future stock assessments forghark species harvested by those fisheries.

The shark fishery commitment to maintaining obsemneeyond this project in Queensland and NT is
in recognition of the actions required to improwdufe stock assessments. This includes observer
coverage for the N3 (barramundi) fishery in Quesmd) which is a shark bycatch fishery.

In the Queensland N9 fishery, there is an ongoidM\programme that monitors fishing activity (and
hence, effort).

A monthly product report by fishers (quantity, v@lspecies groups, who the buyer is, see Appendix
3, NT Shark Fishery Monthly Summargnd by Traders/Processors allows for a degreerasgs-
validation of the NT shark catch.

Containing and Managing Fishing Effort

The recognition by NT shark fishers that fishingpamts on vulnerable species such as sawfishes,
needs to be reduced. This is exemplified by theddeC of Practice that requires release of live
sawfishes where possible (9¢& Shark Fishery Daily Log ShdaatAppendix 3).

The reduction of effort in WA by area closures fie inorth acknowledges the vulnerability of some
shark species to over-fishing (details in Chapjer 2

The reduction of effort in NT by changing the ldintg effort back to the equivalent of one long line
vessel and the removal of latent effort by redudicences from 19 to 12.

Industry marketing for non-fin shark product hasbestimulated, as have development of a Code of
Conduct, a Code of Practice and an Environmentaldgament System for the Offshore Net and Line
Fishery (NTONLF). These are all now in place ia MT fishery.

Some issues remain with reporting of shark catamfrbycatch fisheries such as the coastal
barramundi fisheries. In the NT, the reported propo of the total shark catch from ‘bycatch’
fisheries, Barra and Crab Bait netters, is lesa tt#4, compared to around 15% for the N3 fishery in
Queensland. Of the NT Barr and Crab Bait Net figs60% comes from Bait netters. NT recognises
the problem of reporting shark catch from the Baitters and is moving to remove (or change) this
category of licence. The role of crab bait gillneteds to be resolved to ensure better use of shark
caught by the target and bycatch fisheries (madifiiybarramundi fishery).

In WA there is still a major component of sharkctathat comes from ‘bycatch’ shark fisheries, e.g.
WAKGBF, WAPFTF, etc. (see details in Chapter 4, [€ah2.1) and some of this has still not been
addressed by the recent changes that reduceddhegilinet fishery area.
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1.6 Conclusion

1. Establishment of long-term collection of catch composition data f rom target shark fisheries
in northern Australia (NT Joint Authority Shark Fishery, NT Coast al Net Fishery, Qld Joint
Authority Shark Fishery, Qld N9 Shark Fishery, WA Joint Authori ty Shark Fishery, WA North
Coast Shark Fishery, Qld East Coast Net Fishery), in order to improve stock assessments.

Ongoing observers have been established or willesblished in these fisheries beyond the
completion date of this project. After the projembservers ended their work, the NSAG and
jurisdictional managers agreed to initiate longreobserver commitments by all northern shark
fishery jurisdictions. This is now an obligatiorr /A, NT and Queensland and has largely been met
or will be met in each case. WA achieves this abjedy ongoing contact with shark fishers through
research projects. In Queensland, there is a furtdeegrver position to address the coastal net
fisheries. The Queensland East Coast Net Fishempase complex than the equivalent Gulf of
Carpentaria fisheries because the number of lickrishers is large compared to the Gulf of
Carpentaria shark licenses. In addition, there been a difficult relationship between the Great
Barrier Reef Marine Park Authority (GBRMPA) and riishers who have been excluded from GBR
protected areas and this has impacted on the anufubast Coast shark observer boat time (and
hence, samples) from this region. Conversion rafwsfin-to-trunk/flesh ratios are used to verify
landed fins, although some questions remain aleuvalidity of the ratio values currently used.

2. To determine the appropriate management scale for the tar  get species of northern
Australian shark fisheries, by examining the degree to which st ocks are shared across
northern Australia and with Indonesia.

The project results for the population geneticslgtaf C. sorrahandC. tilstoni across the north and
Indonesia C. sorralh) clearly showed that both species mix readily olaege geographic ranges.
Carcharhinus sorralfrom Indonesia were genetically separate fromAtstralian populations, while
there was no differentiation among the Australiamgles across the north. However, due to the
presence of a third indistinguishable blacktip #g®dcC. limbatusthat is indistinguishable frort.
tilstoni, this phenotypeQ. limbatus/tilstoni must be treated as forming separate stocks batu&

NT (GoC) and QId (East coast). This populationcttree will clarify the management scale for these
species, especially in the light of increased fighpressure from both legal and illegal fishing.

3. To evaluate the effect of gillnet fishing on northern chondrichthya ns, by determining
bycatch composition (Qld N3 Net Fishery, Qld East Coast Gil Inet Fishery, NT Barramundi
Fishery, WA Kimberley Gillnet and Barramundi Fishery).

The project data clearly shows a significant impattshark resources from bycatch fisheries, where
reasonable observer data was collected. The limitadf this outcome is that for some bycatch

fisheries, there was insufficient species compmsitilata collected, but where it was collected, it
shows that the current catch records (from logbpaks not reveal the extent of shark bycatch as
recorded by observers.
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4. To derive estimates of biological parameters to assess the status of sawfish populations;
age structure, reproduction and growth.

The Master’s Thesis (Peverell, submitted JCU) amaduscript on age and growth have produced the
first estimates of age at size, size at first migt@and reproductive status for all four specielse best
information is for the most common speciga¢xypristis cuspida)awhile there is considerably less
information for Pristis clavata P. microdonand P. zijsron The lack of large specimens in some
species has lead to reduced samples across thesges for both age at size and size at reproahucti
stages.

5. To re-evaluate the risk assessment of northern chondrichthyans (undertaken in the EA
project), based on the new information collected above. This risk a ssessment will be
compatible with the one undertaken in application FRDC 2002/033 (P | Terry Walker) in line with
the NPOA-Shark priority for a national approach to risk assessme nt for chondrichthyans.

In consultation with shark experts both collaborstand fishery managers, the updated risk was
evaluated on a per fishery basis and a cumulatisie Rssessment over all fisheries. This revealed 14
high risk species with susceptibility to fishingageand low productivity the major factor contrimgi

to their ‘high risk’ status. These included sawéishPristis clavata, P. microdon, P. zijsrgngiant
shovelnose rayRhinobatos typuskhark ray Rhina ancylostonja speartooth shark&({yphissp. A,
Glyphissp. C), the great hammerhe&pliyrna mokarran)the lemon sharkNegaprionacutidens)

Pig eye Carcharhinus amboinengiand three whaler specigs. (brevipinna, C. leucas, C. limbatus).
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1.8 Staff

Name Position Quialifications Time

1. llona Stobutzki/Steve Blaber Subprogram Leader PhD 20
2. John Stevens Principal Research Scientist PhD 10
3. John Salini Scientist MSc 40
4. Neil Gribble Senior Fisheries Biologist PhD 10
5. Jenny Ovenden Research Scientist PhD 15
6. Stirling Peverell Fisheries Biologist BSc 100
7. Geoff McPherson Senior Fisheries Biologist BSc 10
8. Rik Buckworth Senior Fisheries Biologist PhD 10
9. Rod Lenanton Supervising Scientist — finfish PhD 5
10. Richard Pillans CSIRO Technician BSc 100
11. see below NT Observer BSc 100
12. Justin Chidlow WA Observer BSc 100
13. Terence Walker Program Leader, Modelling & Data BSc 5

Management

1.8.1 Observers:

WA:
Justin Chidlow was funded as the observer in WA.

NT:

Alex Beatty July2002 — March 2003

Nathan Crofts September 2003 — September 2004
Chris Tarca October 2004 — June 2005

Qld:

Stirling Peverell carried over from the one-yeaagd 1 observer trial.

1.8.2 Other changes during the project:

WA:
Rory McAuley ran the WA observing and coordinatcgmponents of the project and attended most
meetings (see Annual Project Meetings minutes).

CMR/CMAR:
Mr Richard Pillans appointed as Biological TechaircNovember 2002.

The Principal Investigator, Dr. llona Stobutzkiiggeed from CMAR in November 2002 to take a
research position with Worldfish Centre in Penaviglaysia. She is currently with BRS, Canberra.

John Salini assumed the day-to-day project cootidimas Project Leader, November 2002, following
llona’s departure.

Dr Steve Blaber replaced Dr. Stobutzki as PI, WiDC approval, December 2002.
John Salini replaced Steve Blaber as PI, with FRIp@roval, February 2006.
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2. CHAPTER 2 - OBJECTIVE 1 CATCH DATA FROM TARGET
SHARK FISHERIES

Prepared by John Salini and Richard Pillans

Objective 1  Establishment of long-term collection of catch position data from target shark
fisheries in northern Australia (NT Joint Authori§hark Fishery, NT Coastal Net
Fishery, QIld Joint Authority Shark Fishery, Qld N&hark Fishery, WA Joint
Authority Shark Fishery, WA North Coast Shark FigheQld East Coast Net
Fishery), in order to improve stock assessments.

2.1 Introduction

This work extends the observer work establishetthénphase 1 project whereby project observers on
board shark vessels identified sharks and providagiding to the crew. The fisher workshops are
planned annually to reinforce the need for accucateh composition and effort data, as well as to
highlight the issues of ‘at risk’ species in neddspecial care. In most cases, the observer data
provides the only accurate window on the speciespasition of the commercial shark catch. Another
aspect addressed by this project observer wottheisise of agreed field data sheets so that bi@bgic
and catch data can be shared and compared acrisshicfions, as well as between the northern and
southern shark fisheries. The longer term aim ravide the training that will allow the obsenfer

their replacements) in each jurisdiction to corgirfishery observer data collection beyond thedife
this project.

2.2 Method

In Phase 1, workshops with industry were held in, IQId and WA (October — December 2001).
These were designed to involve local shark fishigshery managers and other stakeholders. These
enabled the fishers, managers and others to rs8ses regarding the fisheries and contribute to the
development of Phase 2. We successfully sougtdirignto continue these workshops in Phase 2,
with the focus on continued discussion with fishers- i) Continued improvement of species
identification and quantification of shark takei); donsistency and accuracy of data collection and
reporting of shark catches; iii) fisher issues wattark assessment and management; iv) results from
the pilot observer program undertaken in PhasedXttemprogress in Phase 2.

These workshops and direct discussions with masagifircontinue to increase the accuracy of data
supplied by the fisheries, enhancing the sustamatainagement of their fisheries. In conjunctiorhwit
FRDC Project Proposal 2002/033 (Pl Terry Walker)degeloped, as far as possible, a common data
sheet for each species, so that the minimum dé#iescted is the same in both regions.

2.3 Results

Name changes to target shark fisheries
Since the start of this project, some of the fieehave undergone significant management changes
including name changes. The Target Shark fisharesnow referred to as the following:

Region Original name Current name Comment
WA remains same WANCSF WANCSF Target sharks
Qld N9 Gillnet N9 N9 Target sharks
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QIld Joint Authority, QJASF N9 (in this report) Target sharks
beyond N9 25nm

NT Joint Authority NTJASF NTONLF Includes grey
Gillnet & Longline mackerel

Observer Program

The establishment of shark fishery observers in WA, and Queensland was undertaken slightly
differently in each jurisdiction. WA Fisheries weable to incorporate an existing shark researcher
(Justin Chidlow) for the duration of the observaahedule, as was the case in Qld Fisheries where th
project phase 1 observer continued in that rolelig®t Peverell). Keeping an observer in the shark
fishery in NT was more challenging with three olbses filling the role (Alex Beatty, Nathan Crofts
and Chris Tarca). Between Alex and Nathan, thers avgeriod of four months with no observer
active in the role. Overall, this led to a redudedel of catch/effort and biological data collectjo
although the observer role was extended well beytedoriginal schedule to provide more data
before the project completion date.

To help clarify the use of common names acrosssdigiions, the Table 2.3.1 lists the current
common names used by each authority.

Table 2.3-1: Categories of Chondrichthyans recordeth logbooks in QId, NT and WA-

Qld NT WA
Black tip (C. tilstoni and C.
Ray — Sting Unspecified limbatus) Sandbar shark (C. plumbeus)
Shark - Shovelnose Unspecified Tiger shark (G. cuvier) Lemon shark (N. acutidens)
Sawfish - Unspecified Spot tail shark (C. sorrah) Tiger shark (G. cuvier)
Great hammerhead (S. Blacktip shark (Carcharhinus
Shark - Unspecified mokarran) spp.)
Hammerhead shark
Shark - Whaler Unspecified Hammerhead (all others) (Sphyrnidae)
Shark - Hammerhead Milk shark (R. acutus) Pigeye shark (C. amboinensis)
Pigeye shark (C.
Shark - Spot Tail (C. sorrah) amboinensis) Bull shark (C. leucas)
Shark - Black Tip Reef (C. Grey reef shark (C.
amblyrhynchos) amblyrhynchoides) Bronze whaler (C. obscurus)
Shark - Eastern Shovelnose (R. Shovelnose/fiddler rays
australiae) Lemon shark (N. acutidens)  (Rhinobatidae, Rhynchobatidae)
Narrow sawfish (A.
Sawfish — Green (P. zijsron) cuspidata) Other sharks/rays

Dwarf sawfish (P. clavata)
Freshwater sawfish (P.
microdon)

Glyphis species

The common Field Data sheet agreed on at the prsfadup meeting was adopted and formed the
basis of data collection by the observers. The dhagget format is shown in Table 2.3-2, Table 2.3-3
and Table 2.3-4 which show the parameters recordleere possible.

In general, the best industry cooperation came fianger scale operators, e.g. long line vessel (FV
Thor), gillnetters run by major operator (Rob Lowd8rafresh Seafood€airns), some NT shark
gillnetters. This was partly due to the logistidsascommodating a scientific observer on many
commercial boats. However, there was consideralifiéicudty in obtaining cooperation from
Queensland East Coast shark fishers in regardsheries observers. In Queensland, collaboration
with the project by fishers is entirely voluntanydathe observers are invited onto cooperating \&sse
Phase | of the project set-up potential collaboretithrough a pilot study and workshop, but since
then there has been a number of political developsneutside the control of the investigators. There
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always had been a ‘difficult’ relationship betweeeat fishers and the Great Barrier Reef Marine Park
Authority. An example was that at the Phase | wlooks the shark fishers voted to ask the GBRMPA
representative to leave the meeting. The subsedogusition of an unpopular system of closed

Marine Representative Areas has meant that fidiars become highly distrustful and have not been
willing to assist any “Government Agency”, evemiifconnected with the GBRMPA.

The GBRMPA Marine Representative Area consultapiracess has created considerable anger in the
East Coast fisheries over the last three year®andelationship with the fishing industry has suéd

as a result. An extreme example was the stoninth®fQDPI vehicles in the compound of the
Northern Fisheries Centre at the height of therometsy over Marine Representative Areas. Data on
shark catch and bycatch in Queensland was supptethdry fishery independent sampling (using
commercial gear) and by buying catches from commalkekippers, but is not as complete as
originally hoped.

Observer data per fishery

A summary of all observer data from shark targshdries is presented in Table 2.3-5 as percent
contribution by numbers per fishery and numberssiodrks/rays recorded. Figure 2.3-1 gives a
geographic perspective to all the observer dateaeld across the north of Australia, includinghbot
shark target and bycatch fisheries. It also cle#dgtrates the contrast between the Australiaarish
fishery (largely a coastal fishery) and the sutaaie records of Foreign Fishing Vessels (FFVs) tha
take shark. The FFVs are sighted throughout thd &fuCarpentaria and further offshore. Publicly
available Coastwatch records do not discriminateveéen FFVs actively fishing or FFVs moving
between regions, so that FFVs in the middle oiGb€ may be in transit.

The observer data presented in Table 2.3-5 illtetravhether a species occurs in specific fishenies

is caught over a wide cross section of fishing geetor example, nine specie€.(dussumieriC.
fitzroyensis C. sorrah C tilstoni, E. blochii G. cuvier R. acutusS. lewiniand S. mokarrah are
caught across the entire north by both gillnets lmd) lines. Other species, such as the narrow
sawfish, Anoxypristis cuspidataare caught in 3 of the 4 target shark fishengted. Although not
caught in the long line WANCSF fishery, it is presan the more coastal bycatch fisheries in WA (see
Chapter 4) wherd. cuspidatas clearly a major component of the WA EMBGF an@BF northern
gilinet fisheries at 12.5% and 13% respectively.

Some species do not occur in the eastern sharkrigshh such a€. plumbeusbut occur in the
WANCSF fishery. Conversely, 18 species recordedbbgervers in both target and bycatch shark
fisheries, do not occur in the target shark figeribut are listed in Table 2.3-5. Most of these 19
species are rays caught mainly in the NPF as blyc8acktip sharksCarcharhinus sorrarandC.
tilstoni, are caught in most fisheries and reflect themeaistribution and abundance. Species that
utilise estuaries and freshwater, suclCateucasoccur in small numbers in the target shark figser
mainly because of the geographic location of thisteries (coastal and offshore). By comparigon,
leucasconstitutes a major component of the NT barramdistiery (34.8% of observed sharks and
rays) and 10% of the N3 (barramundi) fishery atdtagt of the barramundi season largely due ta thei
seasonal abundance (post-pupping) at the statteob&rramundi season. Similarly, the Speartooth
Shark,Glyphissp.A comprised 24.6% of the observed sharks ilNth&arramundi fishery.

Seasonal Observer Effort

A more detailed seasonal breakdown of numbers @sgier month per fishery is presented for each
state/territory in Table 2.3-7. Although observdrots were sampled in all months, there are
significantly less samples in the monsoon monthgegog November to February. WA and
Queensland managed to obtain samples every momthdy, June, August and September proved
barren months for the NT observers.

Apart from Catch and Effort data, the observeremed biological parameters such as Total Length,
sex, maturity, reproductive stage, which is esaémiformation for the qualitative risk assessment
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(Chapter 6). The average total lengths for all geand all fisheries (shark target and bycatch) is
presented in Table 2.3-8.

The biological data recorded by observers is pteseim summary graph form as Appendix 4 where
all species with sufficient data are plotted ass@éa Length versus Total Length for males and
Uterine Stage (stages 1-6) vs. Total Length fordiesy There are 37 species for which there is
sufficient reproductive data. This reproductiveadast summed across all fisheries and illustrates th
difficulties experienced in collecting informatidrom the rarer species. These measures were used to
update biological parameters such as size at lsiitle, at maturity, maximum size, number of pups,
reproductive periodicity and gestation period. Ehb®logical parameters were then incorporated into
the Risk Assessment (Chapter 6) to reduce the nuaflwnknowns in the productivity parameters.

One of the most important additions to the obsedata was obtaining the N9 Shark fishery data
though the courtesy of Queensland Fisheries SerViue extensive database, including DNA tissues
collections for several species, was facilitatedi®yQDPF N9 observer, Jason Stapley.

Differences between fisheries

The total lengths recorded by the observers ihistsome differences between fisheries that reflect
the gear used, geographic area fished and theahabidr example, Species such as the guitar ray,
Rhynchobatus australiaare differentially caught at a larger size bygdimes compared to gillnets
(Table 2.3-8). The average size over all fishersesonsiderably smaller than in the WANCSF or
NTFJA because of the predominance of small spe@nsanght by the fish trawlers in the PFTF, a
shark bycatch fishery. Similarly for the spinneadtyC. brevipinnawhere the WANCSF mean TL =
190cm compared to 102.7cm and 96.8cm in the NONANIFA respectively. The latter fisheries are
targeting juvenile spinners with gillnets while t8A fishery targets larger spinners.

In the case of the closely related blacktip spe€ietimbatusandC. tilstoni the larger size of the
former is clearly illustrated by the observer datamean TL in all fisheries (154cm) compared te th
smaller mean length for the latter (118cm). Ondirdisiishing feature for these species is tGat
limbatusbecomes sexually mature at a significantly lagige tharC. tilstoni which is apparent from
the project reproductive graphs in Appendix 4. Tiet for maleC. tilstoni clearly shows some
probable mis-identification oF. tilstoni where the sharks are larger than the majoritysioes equal
to or greater than 200cm TL. The maximum recordee f®r C. tilstoniis 200cm (Last and Stevens
1994).

Temporal Changesin Catch Composition from 1980s

Research sampling of sharks in the 1980s (SteveddvVizLoughlin, 1991; Davenport and Stevens
1986; Stevens and Wiley, 1988) provides a usefaiparison of catch composition over about 20
years. The research data in Table 2.3-6 allowsextdcomparison with the WANCSF, NTONLF and
the N9 (shown in brackets) from this project coneplaio the catch compositions recorded in the mid-
1990s. The main species differences are:

C. tilstoniappears to have declined in proportion of thetcatche N9 and WANCSF fisheries, most
significantly in the N9 where they now represersisi¢ghan half the shark catch. The other blacktip
speciesC. sorrahappeared to be almost the same, with an increase0.6% to 18.8% of the catch
in WA. The hardnose shark,. maclotj shows a large decline in the NTONLF and WANCSRke T
leather skin sharlC. plumbeusis not recorded in NT or QId fisheries but in iiAhowed a dramatic
rise in importance and now represents over a thirthe catch. Other increases occurred in the N9
fishery for the milk sharkR. acutusand the hammerhead group. (ewinj S. mokarranE. blochi.
The increase iRR. acutugs partially offset by the decline R. taylori but as a group, the milk sharks
(R. acutusandR. taylorj increased from 7.5% to 19.0%. The hammerhe&@dieyinj S. mokarranE.
blochii) increased from 1.8% to 15.6%.
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The increase in proportion of the catch for larg@ecies such as hammerheads and sandbar remains a
concern for their long term sustainability. In fattte WA government has taken steps to reduce the
effort and catch of sandbars.

Table 2.3-20bserver field data sheet: Information about thkifig Method and each operation.

METHODS

FIELD Description

LOGID Unique identifier for each fishing operation (set, shot, trawl etc)
STATE QIld, NT or WA

FISHERY ACRONYM | Acronym for fishery

SHOTDATE Date

TIME Time

BOAT Boat name

SKIPPER Name of skipper

RECORDER Name of observer

SHOT LAT DD Latitude in decimal degrees
SHOT_LONG_DD Longitude in decimal degrees
DEPTH_M Water depth (m)

MESHSIZE MM Mesh size (mm)

DROP_MESHES Drop of net (number of meshes)
NETLENGTH M Length of net (m)

NO HOOKS Number of hooks

STARTSET_TIME Time at start of set

ENDSET_TIME Time at end of set

STARTHAUL TIME Time at start of haul
ENDHAUL_TIME Time at end of haul

FISHING TIME Fishing time (half of setting time + half of hauling time + (start — end haul times))
DAILYSHOTNO Shot number on the same date
WATERTEMP_DEGC | Water temperature (degrees Celsius)
COMMENTS Comments on sea conditions etc
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Table 2.3-3:0Observer field data sheet: Biological information &out each species collected.

SPECIES BIOLOGICAL DATA

FIELD Description
FISHID Unique identifier for each individual recorded
LOGID Unique identifier for each fishing operation (set, shot, trawl etc)
SPECIES name Scientific name
CAAB_CODE CAAB code
SEX M_F Male or female
TOT_L CM Total length (cm)
FORK_L_CM Fork length (cm)
PREC_L CM Precaudal length (cm)

Length from lower jaw to tip of tail (lower jaw total length) only for
LITL_SAWFISH_CM sawfish
TOT_WT_KG Total weight (kg)
TRUNK_WT_KG Trunk weight (kg)
FIN_WT_KG Fin weight (kg)
FILLET_WT_KG Fillet weight (kg)
UMBIL_SCAR_Y N _P Umbilical scar (yes, no or partial)
CLASPER_L CM Clasper length (cm)
CLASPER_DIAM_MM Clasper diameter (mm)
CLASPER_CALC_Y_N_P Clasper calcification (yes, no or partially calcified)
TESTIS_STG_1_3 Testis stage
RUN_SPERM_Y_N Presence of absence of runny sperm in seminal vesicles
MAX_OVA_DIAM_MM Diameter of largest ova
NO_YOLKY_OVA Number of yolky ova
UTERINE_STG_ 1 6 Uterine stage from 1 to 6
NO_EMBRYO Number of embryo's
MEAN_EMBRYO_TL_CM Mean total length of embryo's
STMCH_FULL_1 4 Stomach fullness on a scale of 1 to 4
STMCH_CONT_ITEM Food items found in stomach
STMCH_CONT_COUNT  Count of food items in stomach
RELEASE_CONDIT Release condition of animal
STMCH_SAMP_ID Stomach sample identification number
GENETIC_SAMP_ID Genetic sample identification number
VERT_SAMP_ID Vertebral sample identification number
COMMENTS Comments on biology of animal

UTERUS WIDTH CM Uterus width (cm)
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Table 2.3-4:0Observer field data sheet: Information about Embry in mature females.

EMBRYO DATA
FIELD

Description

FISHID
LOGID

EMB 1 TL
EMB 2 TL
EMB_ 3 TL
EMB 4 TL
EMB 5 TL
EMB_6_TL
EMB_7_TL
EMB_8_TL
EMB 9 TL
EMB_10 TL
EMB_11 TL
EMB_12_TL
EMB_13 TL
EMB_14 TL
EMB_15_TL
NO_MALE
NO FEMALE

Unique identifier for each individual recorded
Unique identifier for each fishing operation (set, shot, trawl etc)

Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Length of embryo
Number of males
Number of females
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Table 2.3-5:Summary of all observer data from shark target fisleries as percent contribution by
numbers per fishery. N9= Queensland Gulf of Carperria fishery from 7 nautical miles out to
25 nautical miles plus the old QFJA (Queensland Hiery Joint Authority); NTONLF= Northern
Territory Offshore Net and Line Fishery (sharks and grey mackerel), WANCSF= WA North
Coast Shark Fishery. The shark bycatch fisheries &rlisted in Chapter 4 of this report.

Species/Fishery N9 NTONLF | WANCSF
Total elasmobranchs 2864 3689 3924
Number of shots observed 100 46 108
Aetobatus narinari

Aetomylaeus nichofii

Anoxypristis cuspidata 1.9 0.2
Brachaeluridae - undifferentiated

Carcharhinus albimarginatus 0.8
Carcharhinus altimus 0.1
Carcharhinus amblyrhynchoides 0.5 0.8
Carcharhinus amblyrhynchos <0.1 0.6 2.2
Carcharhinus amboinensis 0.6 15 35
Carcharhinus brevipinna 0.4 0.5 0.4
Carcharhinus cautus 0.2 0.1
Carcharhinus dussumieri 15 0.6 0.1
Carcharhinus fitzroyensis 0.6 0.5 0.1
Carcharhinus leucas 0.4 0.2
Carcharhinus limbatus 1.3 0.1
Carcharhinus macloti 1.8 0.3
Carcharhinus melanopterus <0.1 <0.1 <0.1
Carcharhinus obscurus 1.8
Carcharhinus plumbeus 34.4
Carcharhinus sorrah 28.9 18.4 18.8
Carcharhinus tilstoni 25.4 63.4 10.9
Carcharias taurus 0.1
Chiloscyllium punctatum

Dasyatidae — undifferentiated 0.4
Dasyatis annotata

Dasyatis kuhlii

Dasyatis leylandi

Eucrossorhinus dasypogon

Eusphyra blochii 5.9 2.9 0.3
Galeocerdo cuvier 0.2 1.7 7.4
Glyphis sp. A

Glyphis sp. C 0.2

Gymnura australis

Hemigaleus australiensis 0.1 <0.1
Hemipristis elongata 0.5 0.4

Himantura toshi

Himantura uarnak

Himantura undulata

Loxodon macrorhinus 0.8
Manta birostris <01 <0.1

Mobula eregoodootenkee 0.2

Mustelus sp. B <0.1
Nebrius ferrugineus 1.2 0.5
Negaprion acutidens <01 0.8 3.5
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Species/Fishery N9 NTONLF | WANCSF
Orectolobus wardi

Pastinachus sephen

Pristis clavata

Pristis zijsron <0.1

Rhina ancylostoma

Rhinobatidae — undifferentiated 0.2
Rhinobatus typus <01

Rhinoptera neglecta 0.1

Rhizoprionodon acutus 18.7 1.8 7.8
Rhizoprionodon oligolinx

Rhizoprionodon taylori 0.3 0.1 0.4
Rhynchobatus australiae <0.1 0.1 0.7
Sphyrna lewini 7.6 2.9 2.0
Sphyrna mokarran 2.1 11 2.0
Sphyrna zygaena <0.1
Stegostoma fasciatum <0.1 0.3
Taeniura meyeni

Triaenodon obesus 0.1
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Table 2.3-6: Most abundant species as a percentagenumbers recorded in research surveys by Stevees
al. (1990) during the 1980s. Eastern GoC approximatee the current N9 Queensland Gulf of Carpentaria
fishery from 7 nautical miles out to 25 nautical mles, plus the joint authority beyond 25nm. NT Inshee
corresponds with the Northern Territory Offshore Net and Line Fishery (sharks and grey mackerel),
Western Australia = WA North Coast Shark Fishery. The shark bycatch fisheries are listed in Chapter 4
of this report. Figures in brackets are the currentvalues taken from Table 2.3-5.

Queensland Eastern Western NT NT Western
Species East Coast GoC GoC Inshore offshore  Australia
Carcharhinus tilstoni 69.8 60.7 (25.4) 73.5 56.8 (63.4) 23.6 35.4 (10.9)
Carcharhinus sorrah 145 25.2(28.9) 23.6 22.3(18.4) 6.6 10.6 (18.8)
Carcharhinus macloti 8.8 2.2(1.8) 0.7 13.8 (0) 64.2 36.2 (0.3)
Carcharhinus
amblyrhynchoides 0(0.5) 0.8 1.2 (0.8) 6.5 (0.0)
Carcharhinus fitzroyensis 0.1 0 (0.6) 0.2 0.6 (0.5) 1(0.1)
Carcharhinus amboinensis 0.8 0.6 (0.6) 0.4 (1.5) 1.7 (3.5)
Carcharhinus limbatus 0.8 0(1.3)
Carcharhinus melanopterus 0.1(0.1)
Carcharhinus amblyrhynchos 0.1 0(2.2)
Carcharhinus brevipinna 1.5(0.4) 0.2 0.3 (0.5) 0.9 0.6 (0.4)
Carcharhinus dussumieri 0.6 (1.5) 0.3 (0.6) 0.3(0.1)
Carcharhinus plumbeus 0.1(34.4)
Rhizoprionodon acutus 3.8 1.4 (18.7) 0.1 2(1.8) 1.9 4.3 (7.8)
Rhizoprionodon taylori 6.1 (0.3) 0.1 0.1(0.1) 0.9 0.6 (0.4)
Hemipristis elongata 0.1 0.1(0.4)
Loxodon macrorhinus
Galeocerdo cuvier 0.1 0(1.7) 0(7.4)
Sphyrna lewini 0.7 0.9 (7.6) 0.4 0.8 (2.9) 1.9 1.3 (2.0)
Sphyrna mokarran 0.4 0.8 (2.1) 0.1 0.4(1.1) 0.3 (2.0)
Eusphyra blochii 0.1 0 (5.9 0.1 0.7 (2.9) 0.8 (0.3)
TOTAL NUMBER 718 654 1519 6457 106 1544
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Figure 2.3-1: Geographic breakdown of the project'bserver data collected across northern Australia.
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Table 2.3-7: Summary of observer data by month asumbers of shots (gear sets, trawls) per fishery, @uding target and bycatch* fisheries. Note that QBA has recently
been combined with N9 as the same licences usedtbatgions in the Gulf of Carpentaria.

State Fishery acronym TOTAL Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Qld N9 82 6 30 31 15

Qld QFJA 18 18

Qld N3 30 12 12 6
Qld ECN 40 8 3 7 8 14
NT NTONLF (NTFJA) 50 17 10 9 8 1 4 1
NT NTBarr 14 11 3

NT NTBN 3 3

WA WANCSF 109 8 31 30 17 7 12 4

WA KGBF 88 5 18 27 19 19
WA EMBGF 28 13 4 11

WA PFTF 426 31 28 31 30 45 60 55 28 26 31 30 31
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Table 2.3-8: Average Size (total length in centimets) and standard deviation (SD) per species persfiery. Species with insufficient records have notden included; a full
list of recorded species is presented elsewherethis report. Fishery acronyms as per list at startof Results. The Average Total Lengths for ‘ALL FISHERIES™ includes
the shark bycatch fisheries listed in Chapter 4. SB standard deviation

BIOLOGICAL DATA ALL ALL Average Total Lengths (and SD) per fishery

SPECIES FISHERIES QJFA SD | ECN SD | NTONL SD | N9 SD | RES SD | WANCSF SD
Carcharhinus albimarginatus 118.1 | 423 169.5 | 544 114 39.7
C. amblyrhynchoides 1075 | 30.5| 1174 | 30.6 | 1416 | 34.0 133.3 | 11.6 | 113.7 8.0 | 1075 | 36.6
Anoxypristis cuspidata 179.4 | 84.7 | 2272 | 41.6 246.1 | 469 | 286.5| 315
C. amblyrhynchos 116.1 | 334 151.7 | 243 1196 | 28.1 76.9 7.8 131 25.1
C. amboinensis 135 | 57.9 181.4 | 46.7 | 218.4 | 13.1 |204.4 | 14.6 | 187.6 51
C. brevipinna 120.2 | 56.8 96.8 | 10.5| 102.7 | 30.2 189.8 66.1
C. cautus 92.6 | 25.0 123 | 342 | 945 | 120 148.3 2.3 100.4 | 20.0 | 86.5 25.6
C. dussumieri 776 | 106 | 81.8| 121 88.3 4.2 809 | 116 | 754 2.9 57 21| 715 4.8
C. fitzroyensis 914 | 150| 86.2 | 19.1| 79.8| 24.0 99.8 | 12.7 85| 10.9 102.7 12.1
C. leucas 92 | 32.9|1575| 39.6 122 | 21.7 95.7 | 12.1]298.2| 119 | 953 7.3
C. limbatus 1541 | 39.3| 1411 31.6 195.7 | 21.4]209.2 | 10.3
C. macloti 75.6 6.6 76.5 3.7 76.2 3.6 73 5.0
C melanopterus 95.7 | 18.6
C. obscurus 250.7 | 46.4 262.6 | 23.1 250 47.9
C. plumbeus 151.2 | 22.9 2015 | 12.0 152.3 | 30.6 151 22,5
C. sorrah 97.8 | 12.8 97| 1531116 | 131 98.8 | 134 | 97.2 97| 89.6| 120 | 954 13.7
C. tilstoni 118 | 32.2| 1085 | 21.3|130.7 | 27.6 107.8 | 24.2 | 1239 | 21.8|127.8| 42.1 | 143.7 35.3
C. altimus 180.6 | 74.3 210.2 | 51.8 98 5.7
Carcharias taurus
Centrohorus granulosus 158.2 4.9
Chylocillium punctatum 39.7 8.0
Dasyatis annotata 195 3.8
Eucrossorhinus dasypogon 578 | 33.6
Eusphyra blochii 1253 | 31.1 129 | 31.0| 1109 | 343 1299 | 25.0 | 1408 | 13.8 85 - | 127.6 16.5
Galeocerdo cuvier 2054 | 779 2179 | 7292925 | 556 | 2153 | 64.1 202 78.3
Glyphis sp.A 124.7 | 34.2 168 -
Gymnura australis 359 | 138
Hemigaleus microstoma 71| 147 98.8 - 96.4 1.8 92 6.0
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BIOLOGICAL DATA ALL

Average Total Lengths per fishery

ALL

SPECIES FISHERIES QJFA SD |ECN SD |[NTONL SD | N9 SD | RES SD WANCSF SD
Hemipristis elongata 1335 | 24.1 120.6 | 239 | 126.2 | 129 | 143.1 | 15.9
Loxodon macrorhinus 74 | 157 734 | 15.6
Mobula eregoodootendee 76.7 | 15.3 76.7 | 15.3
Nebrius ferrugineus 225 | 35.8 223.8 | 36.9 256.7 | 11.5| 2115 | 57.3
Negaprion acutidens 208.5| 60.2 2345 | 378 | 228.4 -| 136.8 | 58.8 235 | 294
Pristis clavata 1349 | 49.6 210.7 | 16.4 74.3 3.2
Pristis zijsron 190.6 | 130.1 310 - 220.2 | 30.1
Pseudocarcharias kamoharai 82.4 9.4
Rhinobatos typus 102.8 | 46.8 249 - 109.4 | 13.7
Rhizoprionodon acutus 81 6.4 | 651 | 14.1 | 88.8 4.1 84.2 55| 815 35 81.6 6.4 80.3 7.3
Rhizoprionodon taylori 65.2 | 13.8 99 -| 67.8| 12.2 42 | 24.1 52.3 4.4
Rhynchobatus australiae 136 | 29.5 | 126.9 -| 81.3 16| 1943 | 85.6 1434 | 271 | 2685 | 354
Sphyrna lewini 1346 | 52.7 1836 | 5221817 | 621 | 1293 | 35.6 | 162.1 | 17.7 | 2005 | 59.0 160 | 58.0
Sphyrna mokarran 2449 | 58.0 | 294.1 -|184.4 | 65.7 | 2359 | 63.0| 2174 | 579 | 2429 | 31.2 273 | 445
Stegostoma fasciatum 172.8 | 17.9 101 - 167 -
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Table 2.3-9: Sex Ratios (Females:Males) per speciper target shark fishery. Species with insufficieh
records have not been included; a full list of reamled species is presented elsewhere in this repofthe sex
ratio for ‘ALL FISHERIES' includes shark bycatch fis heries. Fishery acronyms as in pervious tables
except RES=Research field samples (Qld).

BIOLOGICAL DATA ALL m Sex Ratio F:M per fishery, FEMALES = 1, MALES = M/F
SPECIES FISHERIES QJFA ECN NTONL | N9 RES | WANCSF

Carcharhinus albimarginatus 0.227 0 0.250
C. amblyrhynchoides 1.103 15 0 0.19 0 0
Anoxypristis cuspidata 0.559 4.5 0.2 0.049
C. amblyrhynchos 1.775 0 1.333 0 1.25 | 1.778
C. amboinensis 1 1.136 25 0 1
C. brevipinna 0.903 1.375 0.714 0.4
C. cautus 1.512 15 1 0 3 1
C. dussumieri 2.342 0 0.7 0.444 0 0 0
C. fitzroyensis 0.868 2.333 1 3 2 0.5
C. leucas 0.81 1.667 0 0.5 0 1
C. limbatus 0.522 0.611 0.5 0
C. macloti 5.909 0 7.5 10
C melanopterus 15
C. obscurus 0.431 0.25 | 0.447
C. plumbeus 0.707 1 0.386 | 0.784
C. sorrah 1.239 1.288 0.869 0.592 2587 |1 1.387
C. tilstoni 0.839 1.186 0.388 0.774 1.355 | 0.368 | 0.91
C. altimus 0.696 0.476 | 1
Carcharias taurus
Centrohorus granulosus 0
Chylocillium punctatum 0.87
Dasyatis annontata 1.33
Eucrossorhinus dasypogon 0
Eusphyra blochii 1.103 0.5 0.333 0.492 4 0 15
Galeocerdo cuvier 0.688 0 0.436 1 1 0.732
Glyphis sp.A 0.667 0
Gymnura australis 3.5
Hemigaleus microstoma 1.645 0 0 0 0.667
Hemipristis elongata 1.72 2.25 1 1.75
Loxodon macrorhinus 0.737 0.778
Mobula eregoodootendee 1 1
Nebrius ferrugineus 0.625 0.483 0 2
Negaprion acutidens 1.53 2.857 0 0.429 | 1.851
Pristis clavata 1 0.5 0
Pristis zijsron 0.9 0 0.5
Pseudocarcharias kamoharai 6.333 6.333
Rhinobatos typus 0.571 0 2
Rhizoprionodon acutus 1.848 0.8 1 0.9 26.4 0.409 | 0.581
Rhizoprionodon taylori 2.077 0 1.2 0.8 2.25
Rhynchobatus australiae 0.754 0 0 0.5 2 0
Sphyrna lewini 2.731 2.833 1571 2.281 17 1.4 0.609
Sphyrna mokarran 1.068 1 0.667 0.667 4 0.667 | 0.49
Stegostoma fasciatum 0.529 0 2
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2.4 Discussion

The initial plan for observer data collection waelmably ambitious, given the difficulties encouetr
in NT and QId. In particular, obtaining catch compon/effort and biological information from
inshore barramundi gillnetters proved very diffidal all jurisdictions. These shark bycatch fiskerare

reported in Chapter 4 (Objective 3).

In Queensland, there was considerable difficultpliaining cooperation from Queensland East Coast
shark fishers in regard to fisheries observerslaBotation with the project by fishers is entirely
voluntary and the observers are invited onto caatpeg vessels. Phase | of the project set-up patent
collaborations through a pilot study and workshiog, since then a number of political developments
outside the control of the investigators have rficed these potential collaborations (see Resuits f
further details). Data on shark catch and bycatels supplemented by fishery independent sampling
(listed as RES in most tables) using commerciat,gegal by buying catches from commercial skippers,
but is not as complete as originally hoped. As shawTable 2.3-2 and Table 2.3-3, the blacktip k&ar
represent the major catch by numbers for the NTQIddshark fisheries, although there appears t@ hav
been a decline in the proportion ©f tilstoniin the N9 fishery compared to historical recordake
2.3-6). In WA, the decline in proportion @f tilstoniandC. macloti(60%) is balanced by the increase
in proportion of SandbarC; plumbeug Tiger G. cuvie) andC. sorrahsharks (58%). Whether the
increase in proportions of Sandbar and Tiger sherkelated to the value of fins, is not discereabl
from the project data. Any future research shontiporate observer monitoring of shark fin landing
as well as trunks and flesh. Although new logbooicorporate more detailed species records and
interactions with ‘vulnerable’ species (see NT &hhkishery Daily Log Sheet in Appendix 3), the
availability of the fin records needs to be moemsparent for any future shark sustainability prioje

In general, fisher cooperation with observer was axdnindrance to data collection in the NT shark
fishery. The link between researchers and fishgpeared positive and the attitude of the sharlefish

in recognizing the impending changes towards mostagable shark fishing was illustrated by the
fishers peak body (NT Seafood Council) taking thiéigtive in significant changes in fisher attitsde
towards sensitive or vulnerable species such aBstawhe shark fishers Code of Conduct specities t
obligation to release live sawfish where possifilee issue that arose during the project was thessta
of Glyphis sharks (speartooth sharks) in the NTherg. A consequence of observer work was that
several speartooth sharks were recorded, includigggecimens on one observer trip. Others specimens
have since been recorded and this has raisedsihe @ their protected status, that is, they atedi as
endangered under the EPBC Act. Given the curmgislation and listing under the EPBC act, the
presence of speartooth sharks in the NTONLF isriais® concern for export markets and Australia’s
international obligations to the NPOA-Sharks (Steset al. 2005).

One reporting issue that requires immediate ctaiion is the agreement on uniform and appropriate
fin/trunk and fin/flesh ratios across all jurisdaets. Current retention values are 3% for wet bn t
whole weight 6.5 % for trunk and 13% for filletsifout skin). These values are significantly higher
than actual ratios measured in the field (The pHapeoject fin conversion values are listed in Eabl
2.4-1). Current fin to whole animal, trunk or fillatios are at least double the actual valuesvailp
fishers to effectively fin half their catch and metain any other portion of the animal.

Reasons for the current allowable ratios of finsvtmle animal, trunk or fillets ratios are desigried
allow for fishers to use shark flesh for bait imddine fisheries, account for sharks with ineditdesh,
flesh being eaten by lice, and parts of sharksgoeomsumed by other sharks. While all these reasons
are valid, allowing for more than half the catctb®finned and no other part retained seems exeessi
when fisheries are trying to maximise the qualityheir primary product which is shark flesh. A raor
conservative approach should be adopted to ensatrdarge sharks are not just finned and dumped du
to inedible flesh, a practice which is known towrcc
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Table 2.4-1: Fin conversion ratios derived from thghase 1 observer project (FRDC2001/077).

wet Dry Dry

fin/whole fin/'whole fin/wet Weight
Species n weight SE  weight% SE fin % SE range
Qld
C. tilstoni 10 1.64 0.06 0.79 0.04 486 1.9
C. sorrah 8 1.32 0.04 0.56 0.01 42.2 0.07
NT
C. tilstoni 40 1.5 0.03 0.63 0.02 42.4 1 193
C. sorrah 20 1.23 0.04 0.55 0.02 442 16 2-7.2
C. amboinensis 6 1.68 0.1 0.73 0.05 43.4 1 21-11.2
C. fitzroyensis 14 1.71 0.07 0.68 0.04 395 0.7 239
C. dussumieri 18 1.35 0.06 0.61 0.03 46 1.7 15-24
C. melanopterus 34 1.5 0.04 0.68 0.02 456 0.9 1.1-135
C. amblyrhynchoides 13 1.47 0.06 0.59 0.01 413 19 1.1-6.8
C. cautus 1 1.06 0.51 47.5 4.5
R. acutus 1 1.92 1.04 54 1.8
E. blochii 9 2.16 0.17 0.98 0.07 458 1.2 3.2-10.5
S. mokarran 3 221 0.04 0.99 0.03 44.9 2 5.8-22.2
A. cuspidata 8 1.41 0.06 no data 2.2-3.3
A. cuspidata 1 2.18 0.98 44.9 4.1

In general, the three jurisdictions have taken mmesssto improve the sustainable harvest of sharks i
Australian waters, as noted in Chapter 1, Non-teethisummary and Planned Outcomes. However, the
overriding issue clouding the good work of shadhéiries management agencies has been the looming
impact of IUU shark fishing in the north. It is fidult to discuss shark fishery management needs
without qualifying any statements with referencethb@ overwhelming impact of IUU fishing on
Australia’s northern shark stocks. However, as asathis issue might be, it does not remove the nee
for sound management directed towards the long-seistainable harvest of sharks.

To this end, some projects that are directed atstigating the IUU shark catch have been funded by
AFMA. A Shark Fin Identification project (collabdran between CMAR, AIMS and QDPI)
commenced in late 2005 and is designed to assisipliance Officers with identification of shark
species from dried fins. A second project is undevelopment to quantify the 1UU effort for all
categories of foreign fishing vessels (FFVs), idahg sharks. This collaboration will be between
CMAR, AIMS, QDPI, CMIS and funded by Coastwatch afBMA. At present, there is no valid
estimate available of the shark catch by FFVs.dditeon, the level of ‘on the water’ apprehensions
cannot keep pace with the level of surveillancecdRas of the number of apprehended vessels (both
arrests and legislative forfeitures) since 2000ehstvown an increasing trend such that there ide@ c
understanding yet if the complete extend of IUlbefby FFVs is known.

Summary

The project observer work in the target shark fiseproduced significant new species composition,
biological samples and data and fishing effort diate was essential for producing the parameteregl

for the risk assessment. Access to commercial shaats was not an issue for observers. The shark
fisher workshops proved to be a productive methddlimison with fishers and to provide
education/extension of project aims and results.
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3. CHAPTER 3 - OBJECTIVE 2 POPULATIONS STRUCTURE OF
BLACKTIP SHARKS

Prepared by Jennifer Ovenden

3.1 Introduction

Objective 2  To determine the appropriate management scalettfertarget species of northern
Australian shark fisheries, by examining the degee#hich stocks are shared across
northern Australia and with Indonesia.

This report presents the mtDNA and microsatellitec{ear DNA) results from the genetic analysis of

the two blacktip species that form the major congmtrof the commercial shark catch across northern
Australia. The report is presented under Results Riscussion in the form of a scientific paper. The

section below deals with the original Methods asppsed in the project document.

3.2 Methods

This section will focus orCarcharhinus tilstoniand C. sorrah Samples for genetic analysis will be
collected during Phase 1 and in Phase 2 thesebeilanalysed to determine stock structure. The
samples from Indonesia will be provided from thelR3/Murdoch University/ACIAR project
(F1S2003/037). Initially only samples from the extres of the northern fisheries (WA and Queensland)
and Indonesia will be analysed. If these sampteaat show separation of stocks, no further analysi
will be required. If there is separation of stgckamples from NT will also be processed to deteemi
where the stocks are distinct. In the 1980s pojulajenetics analyses using allozymes were carried
out on the two abundant carcharhinid species tstbdied in this projectC. tilstoni and C. sorrah
(Lavery and Shaklee 1989). This study showed liid¢ectable population structure across northern
Australia. However, in south-eastern Australia, Wand Gardner (1997) identified three genetic sock
of gummy sharksMustelus antarcticususing both allozymes and mtDNA, while school skark
Galeorhinus galeyscould not be genetically distinguished over gydarange. This project will use
recent genetic techniques to re-examine the stimg&tare and extend the comparison to Indonesia.

The method for shark mtDNA will be the same as ¢hdsveloped by Dr Jenny Ovenden (QDPI
Deception Bay) in the ACIAR and FRDC studies ore¢ghisnapper species and goldband snapper,
Pristipomoides multidengespectively. In brief, a region known to be tygholymorphic is amplified
using PCR (polymerase chain reaction) from each. fighis fragment of DNA is digested with
restriction enzymes to produce a haplotype (gem)tfgr each fish. Comparing the relative frequesicie
of haplotypes assesses the degree of spatial genudtdivision. Few studies using mtDNA have been
reported for the species to be investigated in fhigect and this project provides an ideal oppuotyu

to apply DNA technology to re-examine species stddilmost 20 years ago with simpler protein-based
methods.

Small sections of highly variable nuclear (not roitondrial) DNA are targeted by specifically designe
‘primers’. These ~200 bp size DNA fragments behdeMendelian allozymes and follow the laws of
Mendelian inheritance. In general, microsatellitdMreveals higher levels of genetic variation than
other methods and so has a better chance of digating populations. The best approach
acknowledged in most major studies today is tobhatk methods to maximise resolution where species
are known to be mobile and widely distributed.
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3.3 Results and Discussion

Genetic population structure of black-tip sharks Carcharhinustilstoni and C. sorrah) in northern
Australia

By JR Ovenden, R Street, D Broderick, T Kashiwagi ad J Salini

3.3.1 Summary

Black-tip (Carcharhinus tilstoni and spot-tail €. sorrah)shark are two of seven commercial species
that make up a multi-million dollar fishery in Questand and the Northern Territory. Both specieshav
low reproductive rates and relatively slow growttes, and being predators, have relatively small
population sizes. These features combine to mad tulnerable to over-fishing and likely to have
genetically subdivided populations. The aim of #tisgdy was to use two DNA-based genetic markers to
investigate the population structure of both spedie northern Australian waters. At present, both
species are considered as single stock units tteaaagely managed the same way across three
jurisdictions. Of the two markers used here, thetrmb region of the mitochondrial genome was shown
to be remarkably devoid of polymorphism, which vaasharacteristic previously reported for allozyme
loci. However, microsatellite loci optimised duritiys study specifically fo€. tilstoniandC. sorrah
were highly polymorphic. The degree of genetic papon subdivision measured by these loci was
similar to that reported for allozyme loci. The naisatellite Index of Fixation, dr for C. tilstoni
although relatively low at 0.0073, showed that #igant genetic subdivision is present with two
genetic stocks o€. tilstoni one in Western Australian waters and a secontesepted by the two
samples from the Northern Territory and East casQueensland. However, there was no genetic
evidence for more than a single stock ©f sorrah across northern Australia, although both
microsatellite and mtDNA markers revealed signiftcpopulation genetic structure between Indonesia
and northern Australia. We conclude that theraufficient evidence for the management@ftilstoni

as at least two separate stocks along the northestralian coastline. Although gene flow@ sorrah
may be attenuated by deep offshore water, it Eylikhat gene flow is sufficient along the Austaali
coastline to allow the management®fsorrahas a single population.
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3.3.2 Introduction

Few countries worldwide invest resources to marsgek fisheries, possibly due to the relatively low
market value of shark products. However, shark fajmns are naturally prone to over-harvesting.
Their population sizes tend to be smaller than fispulations, their productivity is low due to low
fecundity, and their growth rates are slower. Aalsr has a significant obligation to ensure the
sustainable management of shark species in thealast Fishing Zone, an area of about nine million
square kilometres extending 200 nautical miles ftbmshore including Australia's external terrgsri
except the Antarctic Territory. Of the 1025 elasmawmich species found worldwide, approximately 300
are found in Australia and over 50% of these ardesrc. They are targeted by commercial,
indigenous, recreational and game fishers, ankstzae a by-catch or by-product in at least 704yqfe
commercial fishing operations. Currently there aremerous types of controls on shark harvest,
including individual quotas, limited entry fishesieminimum legal sizes, trip limits and bans onrkha
finning and permissible types of fishing gear (&hadvisory Group and Lack, 2004). The total value
of the Australian shark fishery in 2001/2 was $3#liom. Black-tip (Carcharhinus tilstoni and spot-
tail (C. sorral) shark are two of seven commercial species th&erga this fishery.

The distribution ofC. tilstoniis restricted to northern Australia, whi® sorrahis found in northern
Australia and south-east Asia. Females of bothispdtave one to eight pups per year and males and
females are sexually mature in two to four yearss{land Stevens, 1994). Movement patterns were
studied by Stevenst al. (2000) in a long-term study involving the tag aetbase of 776%. tilstoni
andC. sorrahin 1983-5. Over a 12 year period, most of the paag@s were within 50km of the tag and
release site, but some individuals of both spetieged up to 1000knC. sorrahwas demonstrated to

be more mobile thak. tilstoni The study concluded that there was sufficient enoent to prevent
genetic subdivision, but not enough to preventducgon in local populations due to heavy fishing
pressure.

Lavery and Shaklee (1989) determined the degregioétic subdivision il€. tilstoniandC. sorrahin
northern Australia using allozyme electrophoreSisey collected 92%. tilstoni and C. sorrahfrom
northern Western Australia to Torres Strait in dast. Low levels of genetic variation were found
across 47 allozyme (protein-coding) loci and oniyefloci had sufficient polymorphism for a
comparison of allele frequencies among populatidhe. level of genetic subdivision found was low in
both species. The measure of subdivisiogy)(For C. tilstoni (0.0094) was larger tha@. sorrah
(0.0076), suggesting that the number of migranthamged per generation was higher @rsorrah
compared tcC. tilstoni These results compared favourably to the tagreledse study by Stevens et al.
(2000) that also foun@. sorrahwas more mobile tha@. tilstoni

The objectives of this study was to use two DNA doagenetic markers, microsatellites and
mitochondrial DNA control region, to investigatengéic population structure i€. tilstoni and C.
sorrahin northern Australian waters. Microsatellite afsid of C. limbatuswas included because of its
close taxonomic affinities with C. tilstoni and it®-distribution withC. sorrahin Indonesia ancC.
tilstoni in Australia. Indonesian populations ©f sorrahandC. limbatuswere included to provide a
comparison between the degree of genetic subdivialong the northern Australian coastline and
between northern Australia and central Indones& thve same spatial scale, but across waters af gre
depth. Based on the work of Lavery and Shakleeq)L@8d Stevenst al. (2000), our expectation was
that the degree of genetic subdivision would bellsrhat detectable, and that subdivision would be
greater inC. tilstonicompared t&. sorrah
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3.4 Methods
3.4.1 Sampling

Sharks were sampled from commercial catches byoanebobservers and fisheries biologists from

north-western Western Australia (WA), Western GafliCarpentaria (NT) and the north-eastern coast
of Queensland (Qld).

C. sorrahandC. limbatuswas sampled from Muara Angke (western Java) amjuiig Luar (Lombok)
in Indonesia (IND). These samples were taken framdéd catch at local markets and the exact
collection location was unknown but assumed to ltkinva 300km radius (Fig. 1).

Approximately 200mg of muscle tissue excluding skias dissected and preserved in 1ml of 20%
dimethyl-sulphoxide solution containing 5M NacCl.
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Figure 3.4-1: Collection locations forC. tilstoni (1-3) and C. sorrah and C. limbatus (1-5) in Western
Australia (1; WA), Northern Territory (2; NT), Quee nsland (QIld; 3) and Indonesia (IND; 4, 5).

3.4.2 Species identification

C. sorrahwas readily identified in the field, howeve€: tilsoniandC. limbatusindividuals could not
reliably be identified in the field. Precaudal w&mtal counts were used to identify fadir limbatusand
four C. tilstoni specimens that were used as reference sampleseSseecific mtDNA control region
sequences were identified from these reference Ilsamysing primers GWF (CTG CCC TTG GCT
CCC AAA GC) and CAR (GGG AAT AGC GAT TTG CTT CA).he PCR conditions were
denaturation at 94°C for 10 sec, annealing andneida at 60°C for 4 minutes over 28 cycles with a
final extension of 7 minutes at 60° C. Sequencepesformed in both directions using 25pmol of eithe
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GWEF or CAR primers with 10-20ng of purified PCR guoat and Applied Biosystems Dye Terminator
chemistry. Fragments were resolved by capillaryctedphoresis on ABI3100xI under conditions
recommended by the manufacturer. Sequence dateedveesi and aligned with Sequencher (Anon,
2000). All candidateC. tilstoniandC. limbatussamples were sequenced and identified to spexies$ |
in this way.

3.4.3 Laboratory

Total genomic DNA extraction

Muscle tissue stored at “TDwas used for total genomic DNA extraction: 10-§0imom each sample
was digested in 50l of a suspension of 5% Chelex-100 (w/v) in 5mMsI@l ph8.0, 0.5mM EDTA.
Proteinase K (100mg) was added and the tissuetdijés completion at 5& for 1 hour on a shaking
platform. The mixture was boiled for five minutéen centrifuged at 1200g for 5 minutes to predita
Chelex resin and cellular debris. The supernataas wemoved to a fresh tube for subsequent
manipulation and storage. A small number of samplese extracted using Wizard method (Promega
Corporation, Madison WI USA).

Microsatellite genotyping

Sharks were genotyped with five dinucleotide miateHite loci (Ovenderet al, 2006).C. tilstoniand
C. limbatussamples were genotyped with loci CS02, CS06, CTi%&2 and LS24C. sorrahsamples
were genotyped with loci LS15, CT05, CS12, Cli16d £S08.

Microsatellite amplifications were performed in @@l plates using a Perkin Elmer 9700 thermocycler.
Reactions (1fl) contained ful of PCR buffer ® (Qiagen P/L) containing Tris-H@H 8.7), KCI| and
(NH,)2:SOy; 4mM MgCh; 0.5uM forward primer; 0.5M reverse primer; 0.Q8M labelled M13 primer;
0.3 unitsTag DNA polymerase (Qiagen P/L); g8 dNTP (Pharmacia Biotech); 1% bovine serum
albumin and approximately 25ng genomic DNA templdierward primers had an M13 extension
(GAG CGG ATA ACA ATT TCA CAC AG) at the 5’ end, ebbing fluorescent labelling with M13
(Broderick, Ovenden, MS; Schuelke, 2000). The DE/Aplate and enzyme were denatured aEddr

1 min 30 sec, followed by 35 cycles consisting 41®for 5 sec, 6 for 20 sec and 7€ for 30 sec. A
final extension at 7Z for 30 min was used to ensure complete additfaadenine to the PCR product,
essential for consistent allele calling during ggpmg. All loci were amplified in separate reactso
and then combined for fragment separation accordirigbel colour and fragment size.

Microsatellite fragment separation and scoring \wasormed by Gribbles Molecular Science (1/21
Smallwood Place, Murrarie QId) using capillary ¢élephoresis on a MegaBACE 1500 (GE Health
Care). The running Buffer and capillary matrix (LPwere supplied by GE Health Care and the GT
Dye Set 1 was used. The running conditions includesample injection voltage of 3KV, sample
injection time of 45 secs, run voltage of 10KV wahrun time of 75 mins. All other parameters were
according to the manufacturers specifications. Betoading, the amplicons were cleaned using the
acetate/ethanol method and re-suspended i, B which 3ul was used to load the capillary. 65iz
standard was made up usingulbf 400SS and 2748 water; 31l was added to each sample. The total
load volume was i, which was denatured for three minutes and atidle ice prior to loading.

Microsatellite genotype scoring

The size in base pairs of microsatellite amplicar@s calculated to two decimal places. Amplicons
were allocated to a ‘bin’ that represented the maldele size. Scoring of microsatellite alleles was

verified by graphical representation of allele simeasured to two decimal places against bin size.
Alleles were consistently two base pairs apariexgsected from the di-nucleotide loci used, andeher

were clear cut-off points between successive aflizles.

Mitochondrial control region sequencing
The mtDNA control region (D-loop) was amplified ngithe primers GWF (CTG CCC TTG GCT CCC
AAA GC) and GWR (CCT AGC ATC TTC AGT GCC AT) (Pardliet al, 2001). Polymerase chain
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reaction amplifications were carried out ingb®olumes using the following reagent concentragion
dNTP’s, 100mM each; primers, OfM each; and additional 1.5 mM MgCIEach reaction contained
0.5 Units of Tag DNA polymerase and the reactiofffdsusupplied by the manufacturer (®Qiagen
P/L)). Thermal cycling conditions consisted of artial denaturation, 94 for 1 min 30 secs followed
by 35 cycles of 9%C for 5 seconds, B& for 30 seconds and 72 for 30 secs, with a final extension
step of 72C for 5 minutes. Cycling was performed in a PTCEOA Engine (MJ Research, USA).

The sequence of mtDNA control region amplicons pagormed in one direction using primer GWF.
We used Applied Biosystems Dye Terminator chemistnd fragment separation carried out by
capillary electrophoresis (Gribbles Molecular ScenMegaBace 1500) under conditions recommended
by the manufacturer. Sequence data was editedligné@ with Sequencher (Anon, 2000).

3.4.4 Data analyses

The program Micro-checker (Van Oosterhattal, 2004) was used to investigate likely causes for
possible deviation from Hardy-Weinberg equilibriuffhe program calculates probabilities for the
observed number of homozygotes of various allefe silasses. An overall significant excess of
homozygotes over all size classes suggests themmesf null alleles. Deficiencies of individuals
heterozygous for alleles differing by one repeait, Buggests PCR ‘stutter’ was interfering with the
scoring process. Large allele dropout was suggedétexicess homozygotes were biased towards the
extreme end of the allele size distribution.

The null hypothesis of Hardy-Weinberg equilibriurasstested using GenePop (Morgan, 2000) with the
following Markov chain parameters for all testspaemorization, 10000; batches, 1000 and iterations
per batch, 1000.

Microsatellite genetic diversity was characteriseg the number of alleles per locus, expected
heterozygosity (HE) and observed heterozygosity )(H@icrosatellite data was used to investigate
population structure using standargr FWeir and Cockerham, 1984) in an Analysis of Malac
Variance (AMOVA) framework implemented in GenAlErfsvare (Peakall and Smouse, in press).
Non-parametric bootstrapping was implemented tomes¢ p-values. Missing data for individual
pairwise comparison was handled by inserting therage genetic distance for the appropriate
population level pairwise comparison as recommemmlé&sknAlex (Peakall and Smouse, in press).

Phylogenetic trees were constructed from mtDNA eeqa data using Kimura's two-parameter
distances (gamma, 0.5) and the neighbour-joininghatk (NJ, Saitou and Nei, 1987) assuming
minimum evolution (ME). Trees were produced anduwatad with 1000 bootstrap replicates in PAUP
v. 4.0b10 (Swofford, 1999).

3.5 Results
3.5.1 Species identification

MtDNA control region sequencing identified five skapecies and one unknown shark species among
the genetic samples collected in the fieldCadilstoni There were 13%. tilstoni 107 C. limbatus 1
each ofC. brevipinnaandC. fitzroyensistwo C. sorrah and one sample that could not be identified to
species level using the data collected (Table 3.®fhe shark specimen could not be assigned tereith
C. limbatusor C. tilstoni using the sequence collected (unknown, Table B.Dflecies other tha@.
limbatusor C. tilstoniwere removed from the analyses.

The relative frequencies @. limbatuscompared tcC. tilstoniamong the samples collected for genetic
analyses varied between stat€s. limbatus(n = 44) were more frequently collected in Western
Australia thanC. tilstoni (n = 27). In Queensland the proportions of eadtigs were similar (3C.
limbatus 34C. tilstoni. In the Northern TerritoryC. tilstoniwas more common (16. limbatus 72 C.
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tilstoni). The variation could reflect species abundancgmmmeters involved in their collection as the
samples were initially collected to I6& tilstoni only. C. tilstoni was not recorded among 17 samples
collected in Indonesia.

3.5.2 Microsatellites

Scoring errors due to ‘stuttering’ or large alledieop-out were not detected by the software
Microchecker for eitherC. tilstoni or C. sorrah There was a significant excess of homozygotes
(equivalent to a heterozygote deficit) for locusO2Sor C. tilstoni sampled from WA, the expected
number of homozygotes was 4.7, yet 16 homozygoezs wbserved (p < 0.0025). There was an excess
of homozygotes for this locus at the other two dangplocations (NT and QId), however it was not
significant (p > 0.05). No deviations from Hardy-WWeerg genotype proportions were detected with
Microchecker foiC. sorrahsamples analysed with five microsatellite loci.

Microsatellite loci forC. tilstoni and C. sorrahshowed a higher allele number and higher per locus
heterozygosity than allozyme loci (Lavery and Skakl1989). Three (CS06, Clil2, LS2Z34) tilstoni

loci had up to ten alleles across the three pojomisit One locus had more than 20 alleles (CS02) and
locus CTO5 had between 10 and 20 alleles (TabldB8.5he statistics were similar f@. sorrah three

loci (LS15, CS12 and CLi100) had less than 10 edlebne locus had between 10 and 20 alleles (CT05)
and one locus had more than 20 alleles (CS08, Tabig).
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Table 3.5-1: Identification system used forC. tilstoni and C. limbatus samples collected for genetic
population subdivision analysis using reference saples identified using precaudal vertebrate counts red

corresponding control region mtDNA sequence at ningariable base pair positions.

Haplotype | Specie$ Reference Sample| Unique N*
Number Sequence

CTO02 C. tilstoni D7 TAAACATCT 47
CTO03 C. tilstoni G10, F2, D8 G 78
CT04 C. tilstoni None | ..... G. 5
CTO05 C. tilstoni None G 2
CTO06 Unknown None | ----. G.C 1
CLO2 C. limbatus F3, E10, B7, B3 T..GAC 96
CLO5 C. limbatus None TG G AC 8
CLO6 C. limbatus None T..GCAC 1
CLO7 C. limbatus None T....AC 1
CL16 C. limbatus None Gr..GAC 1

3.5.3 Microsatellites

Scoring errors due to ‘stuttering’ or large alletieop-out were not detected by the software
Microchecker for eitherC. tilstoni, C. limbatusor C. sorrah Deviations from Hardy-Weinberg
genotype proportions were detected for four o@population-sample by locus combinations@or
sorrah samples. Deviations from Hardy-Weinberg genotyqmpprtions were detected for six out of 35
population-sample by locus combinations for tilstoni and C. limbatussamples. In all cases the
deviation was due to heterozygote excess, exceptde. sorrahpopulation sample from the Northern
Territory for locus CS12 where there was a hetegoty deficit (Table 3.5-2 and Table 3.5-3).

Microsatellite loci forC. tilstoni and C. sorrahshowed a higher allele number and higher per locus
heterozygosity than allozyme loci for those spe¢issrery and Shaklee, 1989). Three (CS06, Clil2,
LS24)C. tilstoniloci had up to ten alleles across the three sanflae locus had more than 20 alleles
(CS02) and locus CTO05 had between 10 and 20 alléhldsie 3.5-2). The statistics were similar @r
sorralt three loci (LS15, CS12 and Cli100) had less th@ralleles, one locus had between 10 and 20
alleles (CTO05) and one locus had more than 20esll¢CS08, Table 3.5-3). Allele frequencies are
available from the senior author on request.

! Species identification derived from precaudal eferal counts (reference samples) or sequence Eigiaith
reference samples.

2 Precaudal vertebral counts f6r tilstoni reference sample were 85. The count varied fronto9Z00 forC.
limbatusreference samples.

% Sequence at variable sites located at base pesifid, 98, 119, 149, 175, 193, 200, 234 and 237 Hbase
pairs of mtDNA control region sequence. Sequenesalise as above unless indicated.

* Number of specimens reported among 240 sharksledrfgr genetic analyses.
® Sequence of sample with haplotype CT06 was ngndistic for eithe€. tilstonior C. limbatus.
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Table 3.5-2: Summary statistics forCarcharinus limbatus (CL) and C. tilstoni (CT) samples analysed from
Western Australia (WA), Queensland (QIld), Northern Territory (NT) and Indonesia (IND) for five
microsatellite loci. °

Pop Locus | Locus | Locus | Locus | Locus
CS02 | CS06 | CTO5 | Cli12 | LS24
C. limbatus
CLIND | N 17 16 16 15 15
Na 12 3 10 3 4

Ho| 0.647 | 0.250 | 0.875| 0.333 | 0.800
He | 0.882** | 0.531** | 0.811 | 0.438 | 0.660
CLNT | N 14 14 15 11 13
Na 13 5 7 3 5
Ho| 1.000 | 0.429 | 0.533| 0.273 | 0.692
He| 0.893 | 0.658 | 0.724*| 0.459 | 0.672
CLQId | N 28 26 26 29 28
Na 14 5 11 4 5
Ho| 0.679 | 0.731 | 0.808 | 0.414 | 0.500
He | 0.862** | 0.710 | 0.878 | 0.461 | 0.578
CLWA | N 38 41 41 40 44
Na 16 6 13 4 7
Ho| 0.632 | 0.659 | 0.854| 0.600 | 0.591
He | 0.916** | 0.653 | 0.891 | 0.509 | 0.634

C. tilstoni
CTNT [N 62 56 51 39 47
Na 21 7 13 4 5

Ho| 0.871 | 0.732 | 0.686 | 0.410 | 0.596
He| 0.886 | 0.698 | 0.772 | 0.533*| 0.623
CTQIld | N 31 31 29 31 33
Na 21 4 10 5 5

Ho| 0.871 | 0.677 | 0.759 | 0.452 | 0.606
He| 0.904 | 0.683 | 0.742 | 0.546 | 0.618
CTWA | N 23 24 23 22 24
Na 16 6 8 2 6

Ho| 0.913 | 0.708 | 0.783 | 0.364 | 0.625
He| 0.921 | 0.727 | 0.681 | 0.496 | 0.635

® The number samples assayed at each sampling loqatjo thenumber of allele{Na), expected number of
heterozygotegHe) and the observed number of heterozyg@tes are given for each locus. Significant deviatio
of heterozygote proportions are shown.
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Table 3.5-3: Summary statistics forCarcharinus sorrah samples analysed from Western Australia (WA),
Queensland (QId), Northern Territory (NT) and Indonesia (IND) for five microsatellite loci.”

Pop Locus| Locus| Locus | Locus | Locus
LS15| CT05| CS12 | Clil00| CS08
WA [N 53 51 51 46 40
Na 4 17 7 8 27

Ho | 0.094| 0.922| 0.608 | 0.500 | 0.975
He | 0.125| 0.890| 0.567 | 0.452 | 0.952
Qld | N 56 53 55 51 45
Na 4 14 8 5 28
Ho| 0.161| 0.849| 0.564 | 0.314 | 0.867
He | 0.152| 0.837| 0.523 | 0.359 | 0.943*
NT | N 38 30 48 44 32
Na 4 11 5 4 24
Ho | 0.132| 0.733| 0.667 | 0.227 | 0.844
He | 0.125| 0.799| 0.525** | 0.274 | 0.937*
IND [ N 31 25 47 42 28
Na 2 10 5 4 24
Ho | 0.032| 0.760| 0.468 | 0.048 | 0.857
He | 0.032| 0.794| 0.552 | 0.070* | 0.944

Hierarchical partitioning using AMOVA revealed sificant genetic variation at microsatellite loci
between northern Australian and central Indonepi@pulations ofC. sorrah(Frr = 0.040). A similar
amount of variation was found between the closelgted specie€. tilstoniand C. limbatus(Fgr =
0.041). One of this species pal.(tilston) is only found in northern Australia, whil@. limbatusis
found in northern Australia and worldwide. The pase Fsr between sympatri€. tilstoni and C.
limbatuspopulation samples in Western Australia, NorthBerritory and Queensland was 0.035, 0.014
and 0.031. The pairwisesfbetween northern Australian and central Indonegiapulations ofC.
limbatuswas 0.023, 0.014 and 0.015. The amount of vandtidhe data that was due only to regional
differences between Indonesia and Australig)(as insignificant.

Populations ofC. sorrahfrom three locations on the northern Australiaasttne (Western Australia,
Northern Territory and Queensland) were not sigaiftly different at five microsatellite loci (paiise
Fst's 0.004, 0.004 and 0.008). Likewis€, tilstoni from the same three locations were also not
significantly different (pairwise &'s 0.006, 0.008 and 0.009). In comparison, pairn#isé among the
three Australian locations fdZ. limbatussamples were larger (0.022, 0.025, 0.008) andfwigntly
larger than zero.

3.5.4 Mitochondrial control region

Nucleotide sequence was obtained from the left doro& the mitochondrial control region df.
tilstoni, C. limbatusand C. sorrah A small number of polymorphic sites was obseraatbng theC.
tilstoni sequences; four among 17 sequences of approxim@®€ base pairs. One polymorphism
involved a transversion — the nucleotide subst@tufrom a purine to a pyramidine (A to T at basé4)19
which is unusual for intraspecific polymorphism$ieTremaining of the substitutions were transitions

" The number samples assayed at each sampling loq&tjo thenumber of allele{Na), expected number of
heterozygotegHe) and the observed number of heterozyg@tes are given for each locus. Significant deviatio
of heterozygote proportions are shown.
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(A to G, bases 217 and 537) and a one-base partims-deletion event. Three substitutions — all
transitions - were observed amongQ4imbatussequences across 700 base pairs.

Phylogenetic analysis df. tilstoni and C.limbatus mtDNA control region sequence data confirmed
genetic differentiation between the species obskbyethe magnitude of microsatellitgfFig 3.5.1).
There was no evidence of subdivision between pdipuka in Queensland, Northern Territory and
Western Australia for eithe®. tilstonior C. limbatus.
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Figure 3.5-1: Consensus bootstrap neighbour joiningree showing similarity between mtDNA control
region sequences foL. tilstoni (Ct) and C. limbatus (CL) from Western Australia (W), Northern Territor y
(NT) and Queensland (Q). Similarity was measured ursg the Kimura 2-parameter method. Bootstrap
support for the two-clade structure was 98%.

In contrast, 19 polymorphic sites were observedzfosorrahcontrol region sequences of similar length
(Table 3.5-4). Phylogenetic analysis ©f sorrah mtDNA control region sequence data provided no
evidence of subdivision between populations in Qakend, Northern Territory and Western Australia
(Fig 3.5.2.), but did provide clear evidence of gtén distinction between Australia and Indonesian
populations. The neighbour joining analysis groutied Australian and Indonesian sequences into two
clades that were well supported in bootstrap aealy$he table of character states clearly shows the
Indonesian samples possess similar states at sévwbe 19 characters (sites 172, 178, 242, 261, 271
353 and 420) emphasizing their close genetic malaliip. One shark sample from Northern Territory
(NTCsS1597, Fig. 3.5.2) showed close similarity thke Indonesian group, suggesting that that
individual, or its direct maternal ancestor, hagmaied from Indonesian to Australian waters.

The amount of polymorphism reported here for thetrad region of the mitochondrial genome ©f
tilstoni and C. sorrahis low compared to bony fish. Nucleotide diveestfor the equivalent region the
mitochondrial genome of the narrow-barred Spanisttkarel S§comberomorus commeroranged
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from 0.02 to 0.05 (Ovenden and Streatibmittedl These values are one order of magnitude greater
than the nucleotide diversities reported in thisdgt for sharks (0.001 to 0.007). Heist (2004) has
reported that mtDNA evolves more slowly in sharempared to mammals.
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Figure 3.5-2: Consensus bootstrap neighbour joiningree showing similarity between mtDNA control
region sequences foC. sorrah from Western Australia (W), Northern Territory (NT ), Queensland (Q) and
Indonesia (IND). Bootstrap support for the separatdn of the Indonesian clade was 99%.
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Table 3.5-4: Character state table for polymorphicsites in mtDNA control region sequences fo€. sorrah.
Characters that are the same as the state above arelicated by * . ‘. Some characters were not detemined
(N). Characters 167 and 359 had polymorphism withree base pair insertion/deletion (ID).
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3.6 Discussion

The degree of genetic subdivision in two speciesarthern Australian commercial sharks. tilstoni

andC. sorrah) revealed by two types of DNA-based markers (nsatellites and mitochondrial DNA

control region) in this study is similar to the yi@us allozyme study (Lavery and Shaklee, 1989thBo
this study and the previous study report overal levels of genetic subdivision. The measure of
population subdivision ) for C. tilstoni when measured using allozyme loci was 0.0094.al$ w
0.006 — 0.009 in this study using microsatellitei.l&imilarly, the measure of population subdivisio
(Fst) for C. sorrahwhen measured using allozyme loci was 0.0076 amés 0.004 — 0.008 in this

study using microsatellite loci. Both studies fouhdtC. sorrahwas marginally less subdivided th@n
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tilstoni, which correlates with a tag release study thatkmled thaC. sorrahwas more mobile tha@.
tilstoni (Stevenset al, 2000). Interestingly, our microsatellite data gests significant population
subdivision within the Australian distribution @f. limbatus— population pairwise §'s varied from
0.008 to 0.025. Within their Australian ranges floese shark species, intraspecific mtDNA sequence
data was insufficiently polymorphic to provide aborating evidence for the patterns of subdivision
inferred from microsatellite data. However, thesend evidence for separate genetic populatior. of
tilstoni (Figure 3.6.2) which suggests this species, whasidered independently of its sibling species,
C. limbatus, forms a single northern stock. Howesgérce they cannot readily be distinguished in the
field, they should be treated as a combined spés@esdiscussion below and Figures 3.6.3).

The microsatellite and mtDNA analysis @f. sorrah from Australian and Indonesian waters has
demonstrated convincingly that whil€. sorrah may move on a large scale along the northern
Australian coast, genetic subdivision is presertvben Australia and Indonesia (Figure 3.6-1). This
implies that the species disperses widely alongAbstralian continental shelf but does not move
offshore into Indonesian waters. The distance betwthe northernmost extent of the Australian
continental shelf, the Sahul Banks, and shallowoiesian habitat is less than 200 nautical miles
suggesting that deep water may be an effectiveidbato movement inC. sorrah Despite this,
phylogenetic analyses of mitochondrial control oegsequences from Australian and Indonegian
sorrah highlighted an individual that was collected frahe waters of the Northern Territory, but
clearly carries Indonesian mtDNA. Given mtDNA is teraally inherited and clearly distinguishes
between Indonesian and Australian populations, likely that the individual or its immediate mater
ancestors have immigrated from Indonesia. This shitvat movement dE. sorrahis possible between
the two countries, but is presumably rare as eweallsamounts of gene flow would homogenize
microsatellite allele frequencies. The other akéne, apart from possible laboratory cross-
contamination of sample, is that immigrants ocdurt do not join the local Australian breeding
population. A pattern of one-way movement from Inelsia to Australia was also demonstrated by
parasite (Lesteet al, 2001) and genetic (Ovenden and Street, Submitied)ysis in narrow-barred
Spanish mackereScomberomorus commergon
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Figure 3.6-1: Graphic representation of proposed paplation structure of C. sorrah as revealed by
mitochondrial and microsatellite fragment analyses.
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The microsatellite data provides evidence talimbatusis subdivided between northern Australia and
central Indonesia. AdditionallyC. limbatusmay be genetically subdivided within Australiantera.
The population pairwise dfs for C. limbatus from Western Australia, Northern Territory and
Queensland ranged from 0.008 to 0.025, which gyefgiantly larger than the corresponding pairwise
Fsr's for C. sorrahandC. tilstoni (0.004 to 0.009). This means all three population€. limbatusin
Australia (sites 1, 2 and 3) are genetically sepasad that they are all genetically separate ftioen
Indonesian sites (sites 4 and 5 combined). Thezefbithe sibling specie€. limbatusandC. tilstoni

are treated as the same species (true in the,fiblely real population structure consists of astegour
populations as shown in Figure 3.6.3. Dispersdl.ilimbatusappears to be restricted across the deep
waters separating northern Australia from centnalohesia as well as being restricted in the shallow
waters of the northern Australian continental shElfis infers there are significant differences amo
species in aspects of the biology of three Carnlthgharks in northern Australian wate€: tilstoni,

C. sorrahandC. limbatus

Figure 3.6-2: Graphic representation of proposed paglation structure of C. tilstoni as revealed by
mitochondrial and microsatellite fragment analyses.
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Figure 3.6-3: Graphic representation of proposed pagation structure of the ‘phenotype’ represented by
both C. limbatus and C. tilstoni as revealed by mitochondrial and microsatellite fagment analyses.

This study also provided an opportunity to test tdeenomic validity ofC. tilstoniamdC. limbatus
There was considerable confusion between thesespeoies in genetic samples collected for this study
by experienced fisheries biologists in Western Aalst, Northern Territory and Queensland. A
previous allozyme study (Lavery and Shaklee, 196ahd two allozyme loci with nearly fixed allele
frequency differences betweéh tilstoniandC. limbatuscollected from Australian waters even though
the character that they used to distinguish betvgpecies — dark colouration of the pelvic fins Aasv
known to be unreliable. This conundrum, and theasgmt increase in the number ©f limbatus
occurring sympatrically wittC. tilstoni from 0.33% in Lavery and Shaklee (1991) to abbet é¢qual
proportions reported here, await further study. @agree of genetic variation between the two sgecie
(Frr = 0.041) was similar to the amount of intraspeciariation inC. sorrah between northern
Australia and central Indonesiar@F= 0.040). However, the microsatellite data strgngliggests
taxonomic validity as well as the absence of hyibation forC. limbatusandC. tilstoni Samples of the
two species collected from the same geographictitotavere consistently genetically separated
(pairwise kst from 0.014 to 0.035). As the two species are gealgt similar andC. limbatusis
distributed worldwide whileC. tilstoni is restricted to Australia, it is likely th&. tilstoni has arisen
recently fromC. limbatus Interestingly, the extensive genetic subdivisieported here fo€. limbatus
from microsatellite data could be related to spemieevents such as this.

3.7 Conclusion

Lavery and Shaklee (1989) concluded from theirzgthoe analysis of the population geneticsQof
tilstoni and C. sorrahthat there was no genetic evidence to suggesttiieaspecies should not be
managed as single populations in Australia. Thishst using highly polymorphic microsatellite loci
and mtDNA, supports this (Figure 3.6.2). Howevhis study has found an upper limit to movement in
these species; gene flow does not occur acrossldbp water that separates northern Australia and
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Indonesia. This study makes an important additiauadtribution, however. A third black-tip shark
species €. limbatu3, which is co-distributed witl€. tilstoniand C. sorrah,in Australian waters has
been shown to be genetically subdivided. Basedamnptes collected for this study, this species is
equally abundant &S. tilstoniand presumably captured by the same methods.Winhegecies appear
the same in the field, except that limbatusmatures at a significantly larger size th@antilstoni (see
graphs in Appendix 4). Because of their physicatilsirity, the combined genetic structure inferred
from this study, means that ti@& limbatus/tilstoni‘phenotype’ in effect has separate populations at
sites 1, 2, 3 and 4/5 (Figure 3.6.3). Exploitatwactices that assume migration from other poparati
into areas of high harvest pressure may threatensgecies when it is captured as part of the multi
species shark fishery. We recommend that existingsl to exploitation are essential for the longzie
health of Australian populations of black-tippe@ts given the evidence presented here for fireteeg
flow.
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4. CHAPTER 4 — OBJECTIVE 3 SHARK BYCATCH IN GILLNET
FISHERIES

Prepared by Richard Pillans

Objective 3  To evaluate the effect of gillnet fishing on northehondrichthyans, by determining
bycatch composition (Qld N3 Net Fishery, Qld Easa§t Gillnet Fishery, NT
Barramundi Fishery, WA Kimberley Gillnet and Barnamali Fishery).

This work addressed the lack of species compositiformation from fisheries that take sharks as
bycatch. Current data records almost no shark dabch these fisheries, mainly caused by the sharks
not being recorded as part of the catch either userdhey are discarded or because they are not
considered part of the catch from those fisherseigh as the coastal barramundi fisheries. Gaining
access to some of these fisheries proved moreecigitig due to logistical limitations with the vesse
although some useful data was obtained. Cleardybtftatch of sharks will continue to be an are& tha
lacks species information except where jurisdicibave committed to engaging observers specifically
to address this information gap.

4.1 Method

To determine bycatch composition in gillnet fislesti observers will be deployed in northern fisteerie
that are likely to catch elasmobranchs in theirdbgte. There are some fisheries for which data is
already available from previous and ongoing prgjesuich as the Northern Prawn Fishery and the
Queensland N3 Net Fishery (FRDC 1995/125 & FRDC91P26). This project will focus on inshore
gilinet fisheries in QLD, NT and WA. Workshops weneld in WA, QLD and NT with local fishers,
managers and other stakeholders. At these theopedpobserver program and its aims and potential
benefits were discussed and agreement from fisheaBow observers to collect elasmobranch bycatch
data was obtained.

Trained fisheries observers will attempt to accomypaommercial operators in state fisheries that
capture elasmobranchs as either target or byceolries using gill nets, long lines, prawn traafsl

fish trawls. Observer effort will attempt to obtalata on the seasonal and temporal variationstimes
from the various fisheries; however the primaryechye is to describe the catch composition of the
fisheries. Observers will record catch and effatadon a shot by shot basis. Data on the location o
shots, gear type and fishing time will be recordedeach shot. Species specific catch data will be
collected for all shots. Wherever possible, datdhenlength, sex and maturity status of individwailé
also be collected. Maturity data will include utericondition and number of pups for females and
clasper length and degree of clasper calcificaftimmmales. These data will be collected to obtain
biological data for species where this informatisnlacking. Table 4.1-1 shows data recorded by
observers. Appendix 3 outlines the biological sangpprotocol developed during this project to eesur
consistency between observers. Genetic sampledeavitbllected for Objectives 2 and 4 and biological
samples for Objective 4. The species compositiothe bycatch will be used in Objective 5 to assess
the sustainability of northern Australian elasmalotes. In conjunction with FRDC Project Proposal
2002/033 (PI Terry Walker) we will develop a commdata sheet for each species, so that the
minimum data collected is the same in all regions.
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Table 4.1-1: Shot and species specific catch ancligical data recorded by fisheries observers.

Shot data Biological data

Shot ID Shot ID

State Species

Fishery acronym Individual unique ID number
Shotdate Sex

Start set time Total length (cm)

Endset time Fork length (cm)

Start haul time

End haul time

Boat name

Skipper

Recorder

Start shot latitude
Start shot longitude
End shot latitude
End shot longitude
Water depth (meters)
Fishing method (gilinet, longline etc)
Meshsize (inches)
Drop (meshes)

Net ply

Net length (meters)
Number of hooks
Bait

Daily shot number
Sea conditions
Water temperature (degrees celcius)
Comments

Precaudal length (cm)

Lower jaw total length (sawfish only)
Weight (kg)

Trunk weight (kg)

Fin weight

Fillet weight

Umbilical scar (yes/no)

Clasper length (mm)

Clasper calcification (yes/no/partial)
Runny sperm (yes/no)

Maximum ova diameter

Number of yolky ova

Uterine stage

Number of embryo's

Number of undeveloped embryo's
Average embryo length (cm)
Individual embryo length
Stomach fullness

Stomach content

Genetic sample ID

Dart tag number

Fin tag number

Release condition if released
Comments

4.2 Results

Observer Program

The contribution of elasmobranchs to the total ltdtc target and bycatch fisheries calculated from
logbook data in 2004 is shown in Table 4.2-1 angl shatial relationship of observer coverage is
represented in Figure 2.2.1 (Chapter 2). We ch084 2lue to the overlap with the observer effort in
this project. The highest catches of elasmobramchgcatch fisheries were recorded in the ECN (1300
t), N3 (246 t), NTFish Trawl Fishery (161 t), WAPdra Fish Trawl Fishery (40.3) and the NT

Restricted Bait Net (29.7 t).

The number of shots observed in each fishery bytm@npresented in Table 4.2-2. Observers from
Queensland, Northern Territory and Western Austrabllected species composition and biological
data from bycatch fisheries with varying successcess to inshore gillnet fisheries in the Gulf of
Carpentaria and Northern Territory was difficultedto the remoteness of these areas. Also, fishers
often use bush camps as a base for fishing makifficult to access areas by road. As a resuthi,

observer coverage of these areas was not as coemgsied as expected. Coverage of the NT
Barramundi fishery and NT Restricted Bait Net Fighlead the least observer coverage with only 14
and 3 shots recorded in each fishery, respectiviatger amongst east coast net fishers as a reult o

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



CHAPTER 4 — OBJECTIVE 3 SHARK BYCATCH IN GILLNET FISHERIES 61

GBRMPA zoning plan also hindered observer efforttie east coast net fishery with limited
opportunities for observers to board vessels. Bats therefore only collected from around Cairns and
Princess Charlotte Bay.

Observers in WA collected catch composition andogical data from the Pilbara fish trawl fishery
(PFTF) as part of this project. Observer data ftom Northern Prawn Fishery (NPF) was determined
from 1082 paired shots in the eastern NPF (GuGafpentaria) and 20 paired shots in the western NPF
(Joseph Bonaparte Gulf). Species composition data Queensland Demersal Trawl Fishery (QDTF)
were collected by observers involved in other grgjeAdditional data on the species captured ieroth
non-target fisheries were obtained from state mamagt agencies as well as AFMA.

Fishing methods in the inshore gillnet bycatchdisés varies between states and fisheries. A suynmar
of the methods, number of licences, depths andsdished is provided in Tables 4.2.3 and 4.2.4
(Queensland Gulf of Carpentaria and East Coast)leT42-4 and Table 4.2-5 (NT), Table 4.2-6 and
Table 4.2-7 (WA)

The number of observed shots and elasmobranchsdezt@s well the percentage contribution by
number per bycatch fishery is summarised in Tab®l4and Table 4.2-1. Due to the priority of
collecting elasmobranch catch data, teleosts weralways counted and therefore direct comparisons
between the number of target and bycatch specisstigossible with observer data. However, logbook
data allows comparisons to be made.

The infrequent nature of data collection, lack edsonal and spatial replication precludes detailed
analysis of catch data; as a result, only broadpesisons between fisheries are made. Elasmobranchs
are a major component of the inshore gillnet fighwrcatch and there are only a few species whieh ar
captured exclusively in bycatch gillnet fisheriag bot in target gillnet fisheries (Table 4.2-9heBe
species aréAetobatus narinari Glyphis sp. A, Pristis clavataand P. microdon Pristis zijsron is
predominantly captured in inshore gillnet fisherlmg one specimen was recorded in the NTONL.
Apart fromGlyphissp. A., all these species contributed less thar?# & total elasmobranch catch in
each fishery. In the NT Barramundi fisherglyphis sp. A made up more than 24 % of the
elasmobranch catch.

Although the species composition in the bycatchdiges was not significantly different to that iret
target fisheries, the percent composition by numias markedly different for some species (Table
4.2-9). Of species captured in both inshore andshofie gillnet fisheries,Carcharhinus
amblyrhynchoidesC. amboinensis, C. cautus, C. fitzroyeraigl C. leucaswere more abundant in
inshore gillnet than offshore gillnet catches.

Carcharhinus sorratwas recorded in both inshore and offshore gilfiséteries but contributed less to
inshore than offshore catches in both Queensladd/@stern AustraliaCarcharhinus sorralwas not
recorded in inshore gillnet fisheries in the North&erritory but this is most likely due to observe
sampling effort.

In the N3 fishery, the dominant species w€rdeucag59.6 %),C. tilstoni(13.1 %)E. blochii(9.1 %).
In the ECN fishery(C. tilstoni(33.1 %),C. sorrah(23.6 %),C. dussumierandR. acutug8.9 %) ands.
lewini (8.4 %) dominated the catches.

In the NTBarr fisheryC. leucas(34.8 %),Glyphissp. A (24.6 %) andC. tilstoni (18.8 %) were the
dominant species. The only species recorded ifNfA@BN fishery wereR. acutus(85.7 %) andC.
tilstoni (14.3 %).
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Table 4.2-1: Total elasmobranch and total catch akleosts and elasmobranchs (tonnes) from 2004 stated
territory logbook data. Elasmobranch catches have &en ordered from high to low. Target fisheries are
highlighted. The complete listing of the names rapsented by these fishery acronyms are provided ihable
4.2-3, Table 4.2-5 and Table 4.2-7.

State Fishery Total elasmobranch Total catch (all Percent (%)
acronym catch 2004 (tonnes) species) 2004 contribution of
(tonnes) elasmobranchs to
total catch

Qld ECN 1300 6500 20
Qld N3 246 1674.5 14.7
Qld N9 189 515 36.7
NT NTONL 1080 1600 67.5
NT NTFTF 161 1000 16.1
NT NTRBN 29.7 72.4 41.0
NT NTCL 8.3 312 2.6
NT NTBarr 3.7 1095 0.3
NT NTCN 2.8 15.5 18.1
NT NTDF No data No data No data |
NT NTTRF 0 700 0
WA WANSF 1293.6 1293.6 100
WA WAPFTF 40.285 2893 14
WA WANCSLF No data No data No data
WA WAEMBGF No data No data No data
WA WAKP 3.182 437 7.3
WA WAKGBF 2.6 136.1 1.9
WA WAEGPT 2.56 1449 0.17
WA WAEGBSG No data No data No data
WA WANBPF 0.234 124 0.18
WA WAOPF 0.064 215 0.03
WA WAPTF 0.019 ?
WA WANDSF 0 690 0
WA WABP 0 124 0

Less than five vessels so confidentiality agreerpestents use of catch data. No elasmobranchs
are retained, however post release mortality habe®n evaluated.
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Table 4.2-2: Number of shots observed per bycatclishery per month from 2000 — 2004 for bycatch fishiées. N3= Queensland Gulf of Carpentaria fishery fom
shore out to 7 nautical miles, ECN = East coast néshery, NTBarr= NT Barramundi fishery, NTRBN= NT Restricted Bait Net Fishery, WAEMBGF= Eighty Mile
Beach Gillnet Fishery, WAKGBF= Kimberly Gillnet Bar ramundi Fishery, WAPFTF= WAPIilbara Fish Trawl Fishery.

Fishery

State acronym TOTAL Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Qld N3 30 12 12 6
Qld ECN 40 8 3 7 8 14
NT NTBarr 14 11 3

NT NTBN 3 3

WA WAKGBF 88 5 18 27 19 19
WA WAEMBGF 28 13 4 11

WA WAPFTF 426 31 28 31 30 45 60 55 28 26 31 30 31

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



64

CHAPTER 4 — OBJECTIVE 3 SHARK BYCATCH IN GILLNET FISHERIES

Table 4.2-3: Summary of fishery acronym, fishery nme, gear type, minimum and maximum mesh and net Iggh restrictions, and closed seasons for Queensland
fisheries addressed in this study

Fishery Fisherv tvoe | Eisherv name Gear tvpe Min mesh Max mesh |Max net Closed
acronym yyp y yp size (mm) size (mm) |length (m) |seasons
C1 Pot Queensland commercial mudcrab fishery Cotdy gillies or inverted dillies NA NA NA NA
- Lo Hand held fishing lines and fishing rods wjth
L4 Line Queens]and joint authority fine fishery (0 %and or mechanically operated reels and | NA NA NA NA
25 nautical miles) lines
- o Hand held fishing lines and fishing rods wjth
L5 Line Queensland_10|nt authority fine fishery (0 Pand or mechanically operated reels and | NA NA NA NA
3 nautical miles) lines
N3 Gillnet Queensland Gulf of Carpentaria inshore | go oo nets 162.5 245 600 Sept-Fe
finfish fishery
N6 Bait Net Queensland bait net fishery Cast, msesbop or seine nets 50 50 NA NA
N7 Bait Net Queensland bait net fishery Mesh anes@iets 50 50 400 NA
N9 Gillnet ngen§land Gulf of Carpentaria inshore Set mesh nets 162.5 245 1200 Sept-Fe
finfish fishery (offshore component)
Semi pelagic demersal trawl. Restricted
QDFT Fish Trawl | Queensland demersal fish trawldigh beyond 25 nautical miles from coast & north10 NA NA NA

of 15 degrees South.
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Table 4.2-4: Summary of target species, gear resttion, access to fishery, fishing area and depthumber of licensed and operational vessels, fishirgffort in 2004
and effort units for Queensland fisheries addresseih this study

Fishery Taraet species Gear and catch Access to fisher Min Max Min Max EICZ?S:Q of glugpgﬁé:afl Effort Effort
acronym getsp restrictions y latitude latitude depth depth P 2004 units
vessels vessels
crabs other boat
C1 than spanner |Pot restrictions Licence, limited entry 137.6 154 0 10 850 66 4943 davs
crabs y
L4 Finfish Apparatus restrictions |Licence, limited entry 137.6 142.3 0 30 43 3 31 gg;l;
L5 Finfish Apparatus restrictions |Licence, limited entry 137.6 142.3 0 30 5 1 3 gg;l;
Area and seasonal boat
N3 Barramundi closures, mesh size|Licence, limited entry 137.6 142.09 0 15 87 52 2638 davs
and net length Y
N6 garfish, mullet |Net restrictions Licence, limited entry 137.6 142.09 0 10 NA NA NA NA
N7 mullet, garfish, | o restrictions Licence, limited entry 137.6|  142.09 0 30 NA NA NA NA
blue salmon,
Shark
. Area and seasonal
(Carcharhinus closures, net mesh boat
N9 tilstoni and C.|_ . ' Licence, limited entry 137.6 142.09 10 30 5 2 460
size, drop and length, days
sorrah), grey
boat length
mackerel
Area and seasonal 2 non-transferable boat
QDFT Red Snapper |closures, mesh size . 139 142 10 80 2| NA NA*
permits days

and net length
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Table 4.2-5: Summary of fishery acronym, fishery nme, gear type, minimum and maximum mesh and net Iggh restrictions, and closed seasons for Northern

Territory fisheries addressed in this study

Fishery Fishery Fishery name Gear type Min mesh | Max mesh | Max netlength (m) | Closed
acronym type size (mm) | size seasons
NTONL Gillnet, NT Offshore Net and | surface set gillnets, monofilament, drop 50- 160 185 2000 None
Longline | Line (formerly | 100 meshes, weighted and a buoyed
NTFJA) headline.
NTBarr Gillnet NT Barramundi | gillnet >50 if monofilament; mesh size 150 in 150 175 1000 | Oct-Jan
Fishery most tidal mud flats, 175 in the open rivers;
length 1,000 (some licences are restricted to
less)
NTRBN Bait Net | Restricted Bait Net | gillnet, 65 mm stretched mesh, drop 5m, NA 65 | 100 (see previous) None
entitlement length 100 (if used as fixed gillnet), 200 m if
used as a surround net (usually only in
mackerel fishery for garfish)
NTBN Bait Net | NT Bait Net Fishery | bait net not anchored or staked hand hauled, NA 65 300 None
cast net, scoop net and gaff
NTCN Gillnet NT Coastal Net | gillnet/haulnet; 300 long, 5 drop NA 65 300 None
Fishery
NTFTF Fish NT Finfish Trawl | semi pelagic demersal trawl 110 None
Trawl Fishery
NTM Line NT Mackerel Fishery | Any number or combination of troll line, NA NA NA None
floating handline, rod and line. Restricted bait
net to collect bait in coastal waters.
NTTRF Line and | NT  Timor Reef | Droplines, handlines, mechanically assisted NA NA NA None
Trap Fishery haul lines and traps
NTCL Line and | NT Coastal Line | Line throughout whole fishery, and a NA NA NA None
Trap Fishery maximum of 5 traps per licence may be used
in waters outside 2 n mile. Little trap fishing
reported to date.
NTDF Line and | NT Demersal | Handlines, hydraulically powered hauled lines NA NA NA None
Trap Fishery and traps
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Table 4.2-6: Summary of target species, gear resttion, access to fishery, fishing area and depthumber of licensed and operational vessels, fishirgffort in 2004
and effort units for Northern Territory fisheries a ddressed in this study.

Fishery | Target species Gear and catch Access to fishery Min Max Min Max | No of No of Effort Effort
acronym restrictions latitude | latitude | depth | depth | licenses | operational | 2004 units
issued | vessels
NTONL | Mackerel Gcomberomorus Net and longline Licence, limited entry 129.4 138.5 Qg 8( 23 3 1575 Bqat
semifasciatusand shark length day effort units| with days
(Carcharhinus tilstonandC. sorrah
NTBarr Barramundi and threadfin salmon Gilinet snérea and| Licence, limited entry 130.6 13716 0 20 P4 24 3520 Boat
seasonal closures; days
SHARK
CATCH=<500 KG
WHOLE/TRIP
NTRBN | Catfish, mullet, salmon and shark Restriction nets to| Entittement attached tp 130.6 137.6 Qg 10 Al NT 7006 Boat
harvest bait a fishing licence tg licences days
access. All NT licences
have this entitlemeni
but mostly used by
mudcrab fishers
NTBN Mullets, blue salmon, trevallies and| Restriction on gear & Licence, limited entry 130.6 1376 0 10 2 31 Bpa
queenfish, shark species taken days
NTCN Blue Salmon, mullet, sharks etc. Net lengtesimsize,| Licence, limited entry 130.6 1376 0 10 14 2 197 oaB
area closures; SHARK days
CATCH=<500 KG
WHOLE/TRIP
NTFTF Red snappet(tjanus malabaricus | Net restrictions; NO | Limited Entry 131 137.4 3( 12D 1 1 <5 Boat
L. erythropteru® SHARK operato days
PERMITTED rs:
confide
ntial
NTM Narrow-barred Spanish Mackerel | NO SHARK Licence, limited entry 2 129.4 137.6 Qg 2( 19 P2 815 Boat
(Scomberomorous commer3pn PERMITTED for 1 licence reductior days
observed bycatch is low due to program (only
fishing technique targetting schools troll line
of mackerel fishers)
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Fishery | Target species Gear and catch Access to fishery Min Max Min Max | No of No of Effort Effort
acronym restrictions latitude | latitude | depth | depth | licenses | operational | 2004 units
issued | vessels
NTTRF Goldband snapper & sharp tooth | NO SHARK Licence, limited entry 129.4 132.2 30 120 1p 8 1479 Bg
shapper PERMITTED area restriction days
NTCL Jewfish, snappers etc. Limits on gear Licence, limited entry 130.6 137.6 Qg 8( 56 34 1186 Bg
including hooks and | Note can fish out to 1% days
traps; SHARK nm; 2:1 licence
CATCH=<500 KG reduction
WHOLE/TRIP
NTDF Red snappet (tjanus malabaricus | NO SHARK Licence, limited entryy 130.6 137.6 30 120 60 3 203 Bg
L. erythropteru® PERMITTED (15 nautical mile out tg days
EEZ)
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Table 4.2-7: Summary of fishery acronym, fishery nme, gear type, minimum and maximum mesh and net lgth restrictions, and closed seasons for Western

Australian fisheries addressed in this study. Notéhere is a WA Open Wetline fishery but it is outsié the managed areas and hence not included (no data

Fishery Fishery Fishery name Gear type Minimum Maximum Maximum Closed seasons
acronym type mesh size mesh/hook net length
(mm) size (m)
WANSF Demersa | WA  Northern  shark | Gillnet and Longline (to
I fisheries (replaces | 300 days longline and
Longline | WANCSF & WAFJA) 600 days gillnet) n/a n/a none None
WAKGBF Gillnet WA Kimberley Gillnet & | gillnet Unrestricted,
Barramundi Fishery 600m-
1000m in
n/a n/a practice None
WAEMBGF Gillnet WA Eighty Mile Beach | demersal gillnet
Gillnet Fishery
n/a n/a none None
WAEGBSG Gillnet WA Exmouth Gulf Beach | Seine, gillnet
Seine & Gillnet Fishery
n/a n/a n/a None
NCSL Dropline | WA North coast setline Dropline, longline, | No metal
and handline and unspecified | snoods in
longline line the Pilbara,
otherwise
unrestricted | n/a n/a None
WANDSF Trap and | WA Northern Demersal | trap, dropline, handline Nylon mono
Line Scalefish Fishery (no metal
permitted) n/a n/a None
WAPTF Trap WA Pilbara Trap Fishery | trap
n/a n/a none None
WAPFT Fish WA Pilbara Fish Trawl | Demersal Fish Trawl n/a 100 mm n/a None but some vessels operate in
Trawl Fishery WANBPF so only fish off-season
WABP Prawn WA Broome Prawn Trawl | Demersal Prawn Trawl n/a n/a n/a Varies, Aug-May (inclusive in
Trawl Fishery 2000)
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Fishery Fishery Fishery name Gear type Minimum Maximum Maximum Closed seasons

acronym type mesh size mesh/hook net length

(mm) size (m)

WAEGPT Prawn WA Exmouth Gulf Prawn | Demersal Trawl with | NA n/a n/a Varies, Nov-Mar (inclusive in 2000)
Trawl Trawl Fishery TED's and BRD's

WAKP Prawn WA  Kimberley Prawn | Demersal Trawl with | NA n/a n/a Varies; May, July-Oct, Jan-Apr
Trawl Trawl Fishery TED's and BRD's (inclusive in 2000)

WANBPF Prawn WA Nickol Bay Prawn | Demersal Prawn Trawl NA n/a n/a Varies; Dec-Feb (inclusive in 2000)
Trawl Fishery

WAOPF Prawn WA  Onslow Prawn | Demersal Prawn Trawl NA n/a n/a Varies; Nov-Feb (inclusive in 2000)
Trawl Fishery
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Table 4.2-8: Summary of target species, gear resttion, access to fishery, fishing area and depthumber of licensed and operational vessels, fishirgffort in 2004
and effort units for Northern Territory fisheries a ddressed in this study

Fishery Target species Gearand | Accessto Min Max Min Max Number | Number of | Effort Effort units
acronym catch fishery latitude | latitude | depth | depth | of operational | 2004
restrictions licensed | vessels
vessels
WANSF Equivalent hook
days (Gillnet
effort prior to
2002/03
standardised in
longline units, as
per McAuley et
Sharks Licence 12 129 0 150 14 7 1244., 2005)
WAKGBF
Barramundi,
threadfin salmon Licence 121 129 0 10 7 7 325 Hags
WAEMBGF
Threadfin salmon
and shark Licence 114 121.% D 3 P 1 112 boat days
WAEGBSG
Whiting and mullet Licence 114.1 114.7Y5 0 5 6 2 121 boat days
NCSL Demersal finfish - Open
spangled emperor, (Kimberley
red emperor, No metal longline through
jobfish, Rankin cod,| trace in a loophole
other cod Pilbara caused by OCS 114 129 200 5224P hook days
WANDSF Reef fish - demersa|
scalefish Licence 120 130]6 0 150 11 7 820 bogt da
WAPTF Demersal finfish -
spangled emperor,
red emperor,
jobfish, Rankin cod,
red emperor Licence 114/9 120 30 200 5 5 120  dhengdt
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Fishery Target species Gearand | Accessto Min Max Min Max Number | Number of | Effort | Effort units
acronym catch fishery latitude | latitude | depth | depth | of operational | 2004
restrictions licensed | vessels
vessels
WAPFTF Blue spot emperor, 114.9 120 5Q 200 1 971 boat days
red snapper, red
emperor, flagfish,
threadfin bream,
Rankin cod
WABP Penaeid prawns Vessel sizelicence, limited 120 123.75 10 3( ! 307 boat days
net head- entry, time and
rope lengths | area closures
and mesh (input controls)
size
specification
S
WAEGPT Penaeid prawns 114.16 114/75 10 30 16 13 522 2 boat days
WAKP Penaeid prawns Licence, limitegd 123.75 127 10 3( 134 2 1168 boat days
entry
WANBPF Penaeid prawns 116.75 1p0 10 30 14 17 7a%at days
WAOPF Penaeid prawns 114.66 116/75 10 30 10 ‘18t days
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Although the species composition is not signifitardifferent to that in the target fisheries, the
percent composition by number is markedly diffeffrtsome species. Of species captured in both
inshore and offshore gillnet fisheriggarcharhinus amblyrhynchoide€. amboinensis, C. cautus, C.
fitzroyensisandC. leucaswvere more abundant in inshore gillnet than offelgiinet catches.

Carcharhinus sorralwas recorded in both inshore and offshore gilfiséteries but contributed less to
inshore than offshore catches in both Queensladd\astern AustraliaCarcharhinus sorralwas not
recorded in inshore gillnet fisheries in the Northderritory but this is most likely due to observe
sampling effort.

In the N3 fishery, the dominant species werdeucas(59.6 %),C. tilstoni(13.1 %)E. blochii (9.1
%). In the ECN fisheryC. tilstoni (33.1 %),C. sorrah(23.6 %),C. dussumierandR. acutug8.9 %)
andsS. lewini(8.4 %).

In the NTBarr fisheryC. leucas(34.8 %),Glyphissp. A (24.6 %) and. tilstoni (18.8 %) were the
dominant species. The only species recorded ilNfFeRBN fishery wereR. acutus(85.7 %) andC.
tilstoni (14.3 %).

In the EMBGF fisheryC. amboinensi¢42.5 %),C. cautug18.3 %),Anoxypristis cuspidatél2.5 %),
C. amblyrhynchoideé7.1 %) andC. tilstoni (6.7 %) dominated the catches. A similar trend s&sn
in the KGBF fishery withC. amboinensi§43.8 %),A. cuspidatg13 %),C. tilstoni(10 %), C. cautus
(6.4 %)andC. leucaq5.4 %)being the dominant species.

Species composition in the trawl fisheries waseddht to the target and bycatch gillnet fisheries.
Twenty two species were recorded in longline aithegi but not in trawl gear while eleven species
were recorded in fish and prawn trawls but notilimgt or longline. Species recorded in trawls bat
other gear were mainly stingrays and benthic shidwddseither do not encounter gillnets and longdin
or are not captured due to their size and shapell&nCarcharhinid species such @archarhinus
tilstoni and C. dussumieriwere more common in trawls while larger speciesewgredominantly
absent from catches. Benthic species such as ajimgshovelnose sharks and guitarfish were more
commonly captured in trawl geardemigaleus australiensigias the most abundant species in the
WAPFTF (22.4%) followed closely by undifferentiatBésyatids and Rhinobatids (13.5 and 14.3 %).
Rhynchobatuswstraliae and Rhizoprionodoracutuscomprised 10.1 and 9.4 % of the elasmobranch
catch in the WAPFTF.

In the eastern NPRZarcharhinus dussumiefil9 %),C. tilsoni (12.8 %),Gymnura australig13 %),
Himantura toshi(9.3%), Rhynchobatus australiag® %) andChiloscyllium punctatun{8.8 %) were
the dominant species. In the western NB&syatis annotatd67.3 %),Gymnura australig14.9 %),
Rhizoprionodon acutu&®.1 %) andHimantura toshi(5.1 %) dominated the catches.

Observers did not collect data on the catches énfetiowing fisheries: L4, L5, N6, N7, NTCL,
NTTRF, NTDF, NTM, WAEGBSG, WANDSF, WAPTF, WABP, WAEPT, WAKP, WANBPF,
WAOPTF. Apart from the WA prawn trawl fisheries whehe species composition was assumed to
be similar to the western NPF, all other fisheriggpture very few elasmobranchs. Species
composition in bait net fisheries (N6, N7) was delieed from scientific surveys (Stirling Peverell,
QDPIF, pers. comn2006). Catches of elasmobranchs in troll, dropkmel trap fisheries targeting
teleosts was obtained from state fisheries and negégible.
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Table 4.2-9 Summary of all observer data as percent contributin by numbers per fishery for bycatch
fisheries including total number of elasmobranchs ad number of observed shots. N3= Queensland Gulf of
Carpentaria fishery from shore out to 7 nautical mies, ECN = East Coast net fishery, NTBarr= NT
Barramundi, NTRBN= NT Restricted Bait Net Fishery, EMBGF= Eighty Mile Beach Gillnet Fishery,
KGBF= Kimberly Gillnet Barramundi Fishery, PFTF= Pilbara Fish Trawl Fishery, NPF East= NPF Gulf
of Carpentaria, NPF West= NPF Joseph Bonaparte Gulf.

NPF | NPF
Fishery N3 ECN NTBarr |[NTRBN |[EMBGF| KGBF | PFTF | East | West
[Total elasmobranchs 99 907 | 69 7 240 592 2497 1428 369
Number of shots observed 18 52 |14 3 28 88 404 1084 23
Aetobatus narinari 2.0 1.4
Aetomylaeus nichofii 1.3
IAnoxypristis cuspidata 3.0 1.4 125 13.0 0.2 0.3 0.36
Brachaeluridae - undifferentiated 0.5
Carcharhinus albimarginatus
Carcharhinus altimus 0.2
Carcharhinus amblyrhynchoides 0.2 7.1 3.0
Carcharhinus amblyrhynchos 0.6
Carcharhinus amboinensis 0.1 42.5 43.8 0.1
Carcharhinus brevipinna 1.0 1.3 <0.1
Carcharhinus cautus 0.2 18.3 6.4
Carcharhinus dussumieri 8.9 4.1 19.1 | 0.11
Carcharhinus fitzroyensis 7.5
Carcharhinus leucas 59.0 0.8 34.8 5.4
Carcharhinus limbatus 1.0
Carcharhinus macloti 1.5 1.21 1.3
Carcharhinus melanopterus 0.2
Carcharhinus obscurus
Carcharhinus plumbeus 0.2 3.6
Carcharhinus sorrah 23.6 0.2 1.0 0.5
Carcharhinus tilstoni 131 | 33.1 | 188 14.3 6.7 10.0 3.2 12.8 | 0.71
Carcharias taurus
Chiloscyllium punctatum 1.7 8.8 0.35
Dasyatidae - undifferentiated 0.4 0.2 135
Dasyatis annotata 6.7 |67.34
Dasyatis kuhlii 1.4
Dasyatis leylandi 5.0
Eucrossorhinus dasypogon 0.2
Eusphyra blochii 9.1 0.8 8.7 3.3 5.2 <0.1 0.80
Galeocerdo cuvier 0.1 0.2
Glyphis sp. A 0.3 24.6
Glyphis sp. C
Gymnura australis 13.0 [14.93
Hemigaleus australiensis 0.2 22.4 5.1 3.39
Hemipristis elongata 2.0 15 1.1 0.2
Himantura toshi 9.3 5.13
Himantura uarnak 0.1
Himantura undulata 0.1
Loxodon macrorhinus 0.7 <0.1

Manta birostris

Mobula eregoodootenkee

Mustelus sp. B
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NPF | NPF
Fishery N3 ECN NTBarr [NTRBN |[EMBGF| KGBF | PFTF | East | West
Nebrius ferrugineus 0.2
Negaprion acutidens 14 2.5 3.2
Orectolobus wardi 0.1
Pastinachus sephen 0.1
Pristis clavata 2.1 4.2
Pristis microdon 0.2
Pristis zijsron 1.0 1.4 1.7 14 0.1
Rhina ancylostoma 0.2
Rhinobatidae - undifferentiated 0.4 14.3
Rhinobatus typus 3.0 0.2
Rhinoptera neglecta
Rhizoprionodon acutus 8.9 4.3 85.7 2.2 9.5 6.5 6.07
Rhizoprionodon oligolinx 0.1
Rhizoprionodon taylori 0.2 0.7 4.6
Rhynchobatus australiae 6.0 1.0 2.9 0.2 10.1 9.0 0.80
Sphyrna lewini 8.4 4.6 0.4
Sphyrna mokarran 0.6 0.3 0.1
Sphyrna zygaena <0.1
Stegostoma fasciatum 0.2 4.0
[Taeniura meyeni 0.1

Triaenodon obesus
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4.3 Discussion

Data from state and territory logbooks was useddtermine the total catch of elasmobranchs in
bycatch fisheries in 2004 (Table 4.2-1). Limitedsetver coverage in bycatch fisheries did not allow
for detailed analysis or comparison of CPUE and distribution between fisheries. Fisheries with th
highest elasmobranch bycatch were the Queenslast Eaast Net fishery (ECN = 1300 t),
Queensland Gulf of Carpentaria inshore finfishdigh(N3 = 246 t), Northern Territory Finfish Trawl
Fishery (NTFT = 170 t) and the WA Pilbara Fish Tr&ishery (WAPFT = 40.3 t). Although no data
on catch rates of elasmobranchs were available ffmmQueensland Demersal Fish Trawl Fishery
(QDFT), catches of elasmobranches are likely t@draparable to the NTFT given the nature of the
gear and the fact that both fisheries target theesgpecies.

The total elasmobranch bycatch in the ECN is sigguittly higher than the targeted catch of sharks in
the N9, WANSF and NTONL fisheries (see sectionAljhough the east coast of Queensland is a
larger area, these high catches in a bycatch fistvarrant further research with respect to spatial
changes in species composition and catch rateshigihecatches of elasmobranchs in the N3 fishery
are of also of concern and species specific catshesld be monitored closely in the future. This
should be achievable given the QDPI commitmentlégipg an observer in the N3 fishery (NSAG

2005 meeting, Darwin).

In comparison to the ECN and N3 fisheries, bycattklasmobranchs in the NT Restricted bait net
(NTRBN = 29.7 t), WA Eighty Mile Beach Gillnet Fishy (WAEMBGF = 11.6 t), NT Barramundi
Fishery (NTBarr = 3.7 t) and WA Kimberly Gillnet dBarramundi Fishery (WAKGBF = 2.6 t) was
significantly lower. However due to the inshoreunatof these fisheries and the number of threatened
and protected species they interact with, monitpoh species specific catch rates is required under
the NPOA - Sharks. The level of under reportinghese fisheries is unknown but may significantly
underestimate catches.

In the NTBarr fishery, reported elasmobranch caschery low, representing less than 0.4 % of the
total catch. Limited observer coverage in thisdighas well as observations inside river moutherpri
to the implementation of the 2005 NT Barramundi Bigement Plan prevents extrapolation of
observed catch data to determine the true elasmabrzatch. Given the similarities between the N3
and the NTBarr fishery and the high percent of mtatsranchs (14.7%) in the N3, it is likely that
elasmobranch bycatch in the NTBarr fishery is digantly higher than that reported. Although a
500kg elasmobranch catch limit per trip has regebden implemented for the NTBarr fishery the
high contribution species, such @yphis sp. A andC. leucas,(Table 4.2-8) to the catches of
observed shots suggests that this fishery neett& tmore closely monitored. The catch limit may
result in better reporting of catches in this fishdnowever independent assessment of catch sheuld
investigated.

Appendix 3 shows level of species specific recagdimthe state and territory logbooks for fisheries
that target elasmobranchs. The Northern Territaag the highest level of detail, with 11 species
recorded in the logbooks. Western Australian loddsaecord 6 species and Queensland, four species.
Although the current NT and WA logbook has categmfir recording species specific elasmobranch
catch data, species specific catches are not redord WA and NT fisheries that capture
elasmobranchs as bycatch. Management action isreelgio introduce species specific catch data in
order to meet the objective of the National PlarAofion for the Conservation and Management of
Sharks (NPOA — Sharks). The primary objective & MPOA — Sharks is: “to ensure that shark
catches from target and non-target fisheries astaswable” while objective 9 in the NPOA — Sharks
is: “to facilitate improved species specific catnid landings data and monitoring of shark catches”.
Ecologically sustainable development of fisheriemnmot occur if species specific catches of
elasmobranchs are not recorded particularly whemesof these species are threatened and protected.
Introduction of species specific logbooks will r@gufisher education, both in identification of
elasmobranch species, as well the need to repmstmebranch bycatch in order to meet EPBC act

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



CHAPTER 4 — OBJECTIVE 3 SHARK BYCATCH IN GILLNET FISHERIES 77

requirements. User friendly field guides, specific northern Australian elasmobranchs are also
required to aid fishers in identification of eladmanchs.

Observer data: Gill net fisheries

The data collected by the observers provides tise ifisight into the species composition of bycatch
fisheries and it is apparent that species comjpositi bycatch fisheries is significantly differédndm
target fisheries. Also, observer data highlighteel diversity of elasmobranch bycatch and the urgent
need for species specific log book data to be cialte

Four species were captured exclusively by inshdlleey bycatch fisheries. These species were
Aetobatus narinariGlyphissp. A, Pristis clavataandP. microdon Of these specie#,. narinariis the
only one that is not threatened by fishing activiythoughA. narinari has a preference for shallow
inshore areas where nets are often placed, thexgriently no market for this species in the namhe
fisheries and as a result, most animals are releze.

Threatened and protected species interaction with gill net fisheries
The abundance and distribution @fyphissp. A, P. clavata P. microdonandP. zijsronin northern
Australia is thought to have declined significaritiythe past 20 years (Stevestsal, 2005) and as a
result, Glyphissp. A andP. microdonare listed as critically endangered and vulnetaigigpectively,
under the EPBC actGlyphissp. A andP. microdonare listed as critically endangered ahalavata,
andP. zijsronare listed as endangered by the IUCN Red List &&aghet al, 2003). Apart from
Glyphissp. A in the NTBarr fishery, all species are capduinfrequently. The low capture rates most
likely reflect these species rarity rather than laveidence of capture in the gear. All three
management jurisdictions have introduced measuwregduce the impact on these species due to
requirements of NPOA - sharks. The capture of valble or threatened species falls under object #3
in the NPOA — Sharks: “To identify and provide spé@ttention, in particular, to vulnerable or
threatened sharks.” The operational plan for nonthustralian shark resources also highlights the
need for management action following capture ohetdble and threatened sharks in action 2 and 12:

2) Assess current management plans for listed témmed species against recovery plans for those

species.

12a)Initiate action to identify habitat critical to tisairvival of shark species and where identified

as necessary take action to protect, and minirhigats to these habitats.

12b) Within relevant statutory timeframes proteetl aninimise threats to habitats critical to the

survival of species listed under commonwealth/8tdegislation.

The management actions introduced by state/teyragencies as well as deficiencies with respect to
threatened protected species are outlined belovee@gland has introduced a voluntary code of
conduct for handling sawfish and encourages allmerial fishers to release these species alive
(Chapter 5 - Objective 4). Recent capturessbfphissp. A by commercial fishers in N3 fishery has
resulted in fishery observers educating fishershenidentification of this species and all fishars
encouraged to release this species. Given theelimiistribution ofGlyphis sp. A in the Gulf of
Carpentaria, further research into the abundanc&lgbhis sp. A in the N3 fishery and Gulf of
Carpentaria is required. Research should aim terahte the distribution and critical habitat ofsthi
species as well monitor the catch rates in aredmofvn occurrence such as the Ducie and Wenlock
Rivers. Further training of fishers in the iderifiion of this species is also required. Fisheesating

in rivers within Princess Charlotte Bay have relyemeported Glyphis species in their catches,
although surveys have failed to catch &lyphisin this area (Stirling Peverell, QDPIpers. comm.
2006). More research into the occurrence and capti®lyphisin Princess Charlotte Bay is required.

Although the NTONL fishery has introduced a volugtaode of conduct that encourages fishers to
release sawfish alive, this code of conduct dodsapply to the NTBarr, NTCN and NTRBN
fisheries. Sawfish are undoubtedly captured indHisheries and management actions are required to
mitigate their capture and release in order to destrate ESD. Sevente&iyphissp. A ranging in
size from 75 — 175 cm TL were recorded in five shiotthe NTBarr fishery. These animals were
recorded by an observer in the Adelaide River a$ giathis project during 2004. The number of
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animals taken was of great concern given the fadtthe Adelaide River is one of few rivéesyphis
sp. A has been recorded in (Stevenhsil, 2005). The impact that the NTBarr fishery hasGyphis
sp. A has since been reduced by recent legislatf@bruary 2005), ensuring that commercial
barramundi fisheries targeting barramundi are eeadufrom all rivers in whictGlyphis sp. A has
been recorded in the NT. These Rivers are: Adel&uker, South Alligator River, East Alligator
River, West Alligator River and Murganella Creelhdafishing is only allowed seaward of an
imaginary line drawn across the mouth of the rigorthern Territory of Australia Barramundi
Fishery Management Plan, February 2005; AnnettdeBoNTDBIRD, pers. comm.2005). There
have been several unconfirmed reportsGdfphis being captured in the NTBarr fishery since the
introduction of this management plan. These repsutggest thaGlyphisare not only restricted to
rivers and estuaries but may also utilise shalloastal areas. Further research into the distributio
and habitat requirements &lyphisis therefore required in order to determine theemixof overlap
between commercial net fishing and the speciesildligion in order to mitigate the impact of fishing
on this species.

Commercial barramundi fishers using 7 inch meshanmetstill allowed to fish in all or part of the
rivers such as Cooper Creek, Limmen Bight Riverawen River, Robinson River and the Victoria
River (see Schedule 6, Northern Territory of AugraBarramundi Fishery Management Plan,
February 2005, pp 49 -50). Althou@lyphissp. A have not been recorded in these systemgysur
should concentrate on these rivers as any popnofatidthin these systems are likely to be impacted b
gill net fisheries. Effectively excluding the NTBdishery from most rivers and estuaries in the NT
will also benefitP. microdonwhich is known to spend its early years in rivékkhough this fishery
will still encounter large mature animals, it ikdly that most juveniles will escape capture duthéir
preference for rivers in their early years.

All rivers in the NT are closed to bait net fishjrthe small mesh size (2.5 inches) is unlikely to
capture even smatblyphissp. A. The small mesh size of the bait net fistsevidl however still be
able to capture sawfish due to their rostral te@thsuch, the capture of sawfish should be reparted
logbooks in order to monitor catches of these gzeci

In WA, Glyphis have not been recorded in inshorefisheries butP. clavataandP. zijsronwere
recorded by observers in both the WAEMBGF and th&K@BF. Pristis microdonhave also been
reported by fishers but none were seen during gbserips. Sawfish in these fisheries are mainly
small juvenile animals (Table 2.3-8) making themieato handle. The small size combined with the
fact that nets are generally set and checked flmrbeach means that releasing sawfish is relatively
easy. As such, fishers have been encouraged mseskawfish alive in both fisheries. In general,
zijsronandP. microdonin both fisheries are large animals and the mgjanie therefore retained due
to their high value and difficulty removing thenoiffin the netsPristis clavatain the WAEMBGF are
mostly small animals and are predominantly releadied while in the WAKGBF, approximately half
the animals are released.

In Queensland, the narrow sawfigknoxypristis cuspidatavas recorded in the N3 but not the ECN
fishery. Although not recorded in the ECN fisheityjs known to occur along the east coast (see
Sawfish desktop study — Appendix 3) and has beeorded by observers outside of this study.
Peverell (2005) showed that the catch rate&.afuspidatan the N3 were slightly lower than the N9
and that animals in the N3 were significantly serathan those taken offshore (N9). These data
suggest that juvenild. cuspidataare utilising inshore areas as nursery grounds.

OneA. cuspidatawas recorded in the NTBarr fishery in only 14 shdise catch rates and fate of
captured animals in this fishery are unknown bus itikely that catches and mortaility are high.
Research into the catch and retention rates clispidatan the NTBarr fishery are urgently required.

Anoxypristis cuspidatavere the third and second most abundant spedies ta the WAEMBGF and
WAKGBF, respectively. Although some animals weeteased by fishers in these fisheries, post-
release survival was very low and fishing mortalitgs assumed to be 100 % (Rory McAuley, WA
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Fisheries,pers. comm.2005). The high capture rates and low survivalAof cuspidatain the
WAEMBGF and WAKGBF warrants additional researcloittie population structure, movement and
abundance ofA. cuspidatain North West AustraliaPristis clavata P. microdonand P. zijsron
captured in the WAEMBGF and WAKGBF survived captarel release suggesting thatcuspidata

is less resilient to capture and handling. The sonwival of released animals in the WAEMBGF and
WAKGBEF raises questions about the survival of gpgcies in target fisheries in NT and Qld were
most animals are released. Further research ietpdht release survival of this species is requied
determine whether the release of animals is anctaeféee management strategy to reduce fishing
mortality.

Threatened and protected species, and in partisalafish are captured as bycatch in nearly all gill

net fisheries. While management initiatives, whighcourage the release of sawfish have been
implemented to reduce the mortality to these sgdtiere is a lack of data on the post capture wairvi

of released animals. The effectiveness of theseageanent initiatives is therefore unknown and more
research is required to determine their effectigane Additional management including spatial

closures may be required to mitigate the impachans gill net fisheries are having on sawfish

populations. Additional research into the habiequirements of these species is required before
alternative management initiatives can be addressed

Species captured by both target and bycatch fisheries

Observer data has shown that several species prered in both target and bycatch fisheries. The
capture of species in multiple fisheries, partidylén fisheries where species specific catchesnaite
recorded has implications for management of botbetaand bycatch fisheries. Species specific
logbooks, standardised catch per unit effort eggas well as joint and complementary management
initiatives are required to ensure ESD of theseisge The Operational Plan for the Sustainableofise
Northern Australian Shark Resources (OPSUNASR)lights the importance of monitoring catches
of species across different fisheries in action“Ehsure that where a species is taken in two aemo
fisheries within a jurisdiction or in two or monarisdictions: a) processes are in place to cotleotit
data from all fisheries and jurisdictions involviadthe management of that species uniformly and are
included, when data become available in stock ass&sts or risk assessments conducted for that
species; b) the potential of multi-jurisdictionalacross fishery approaches to shark managemeat hav
been assessed and introduced where possible; eftie communication and consultation
mechanisms between all stakeholders are in plamkda management measures are complementary
and consistent with an ESD approach.” Current logkbsystems in adjoining state/territories do not
record species composition in bycatch fisheriems€rjurisdictional management of these bycatch
species is therefore not possible under the curegruirting requirements.

Carcharhinus tilstoni and C. sorratontribute approximately 54 and 82% to the elasmaodtin catch

in the target gill net fisheries in Qld. and NTspectively. The combined contribution ©f tilstoni
and C. sorrahin a bycatch gill net fishery was highest in theéNEfishery (56.6%) and lowest in the
WAEMBGF (6.7 %). The lack ofc. sorrahin the N3, NTBarr and NTRBN catches is due to
sampling effort rather than an absence of thisispan these fisherie€archarhinus sorratandC.
tilstoni comprise a significant proportion of the totalsefbranch bycatch in all inshore gill net
fisheries. The consistent capture of these twoispdn inshore bycatch fisheries as well offshore
fisheries targeting these species in all threestaecessitates careful management of the twoespeci
both of which form a single stock in Australian et (see Chapter 3).

The high contribution o€. sorrahandC. tilstonito the ECN fishery, as shown by observer data, is
probably not representative of the entire fish8iiye majority of data was collected from the ECN
fishery was collected from commercial vessels imé&ss Charlotte Bay and off Cairns/Port Douglas
(Figure 2.3-1)and the composition dE. tilstoni and C. sorrahieflect catches by these boats in this
area. Catches from land based operators in insbstgarine and riverine areas of the N3 and ECN are
likely to contain higher numbers of inshore speaiesh a<C. amboinensisC. amblyrhynchoide<;.
leucas C. fitzroyensisN. acutidensas well asRhynchobatus australia&khinobatus typusPristis
microdon and P. zijsroare more likely to be taken by fishers operatiminshore estuarine areas and
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it is well known that juvenileC. leucasare targeted by net fishers in rivers throughoueépsland
during the pupping season (TRAP Report, Gritgtlal. 2003).

In the bycatch gill net fisheries, of the speciesttare captured in both target and bycatch fiskeri
species that have a preference for shallow inshark estuarine areas were more abundant in the
inshore gill net fisheries. These species includeniles ofCarcharhinus amboinensi€. leucasand

N. acutidenswhich make significant contributions to the N3, B&rr, WAEMBGF and WAKGBF
fisheries. These three species are large slowiggogpecies (Last and Stevens, 1994; Branstetter an
Styles., 1987; Wintnegt al, 2002) whose juveniles utilise shallow inshoreseuy areas.

JuvenileC. leucasspend their early years in the upper reachesvefsiand estuaries and therefore
occupy similar habitat to target species such amabmmndi and king salmon. While addtleucas are
too large to be captured in 6-7 inch mesh netpgmate and juvenile sharks (60 - 90 cm TL, Ladt an
Stevens, 1994) are easily meshed. Altho@hamboinensisand N. acutidensdo not live in the
freshwater reaches of rivers, the juveniles utsdisallow inshore coastal and estuarine areas asnmyur
grounds and are therefore susceptible to captuiresivore gill net fisheries. Juveniles of both spec
are small enough to be captured in gill nets wkild adult and adult sharkse too large to be
frequently captured. Additional research into thé&ch rates and stock assessmert.ofeucasin the
ECN, N3 and NTBarr fishery is warranted given thegh contribution to observed catches, anecdotal
reports that catches have declined (at least inNtBlecombined with this species low productivity
(Branstetter and Styles., 1987; Winte¢ial, 2002).

Small to medium sized whaler sharks suclCasautusC. fitzroyensisandC. amblyrhynchoideare
also more common in inshore than offshore gillfigéteries. This is due to their preference for orgh
areas and estuaries. Due to the smaller size sé thgecies, both adults and juveniles of thesaespec
are captured by gill nets. Catch rates of theseispeneed to be closely monitored to ensure over
fishing does not occur. Monitoring catch rateshafsie species is only possible if logbook data decor
species specific catch data.

Trawl fisheries

Although not a gillnet fishery, trawl fisheries amescribed for the sake of shark bycatch
completeness. Comprehensive data on the bycatichvdffisheries was only obtained from observers
in the WAPFT and NPF. A list of species recordethin QDFT fish trawl fisheries was obtained from
an observer in the fishery. Data on catch ratespancent contribution by number were not available.
Given the similarity between the QDFT and the NTEpecies composition was assumed to be
similar. The main differences between trawl catches andejithnd longline catches is the presence of
stingrays and the higher contribution of Rhynchmsaand Rhinobatids to the catches. With the
exception of WAPFTF, in all other trawl fisherietasmobranchs have to be released alive. The most
important factor in determining the sustainabitiycaptured species is therefore post releasevalirvi
We currently know very little about the mortalitgssmciated with capture and subsequent release of
elasmobranchs in trawl fisheries. Given the higtclues of elasmobranchs in both fish trawl and
prawn trawl, research is urgently required in orftertrawl fisheries to demonstrate the catches of
elasmobranchs are sustainable.

The implementation of TED’s and BRD’s in the NPFstsgnificantly reduced the capture rates of
several species of large elasmobranchs in thigeryshrhe catches of large rays suchHasmantura
toshi Rhynchobatus australiabave been reduced by 42 and 39% respectivelyewdatchesH.
uarnak, H. undulatandRhyna ancylostomiaave been reduced by between 90 — 100% (Bretesr,
2004). Even small species suchlesyatis annotatandD. leylandihave been shown to be excluded
by 30 — 35 %. Importantly, catch rates Af cuspidatahave also been reduced due to TED’s and
BRD'’s, however this species is still captured big #ind other trawl fisheries. Due to the difficuity
extracting sawfish from trawl gear, most animalsught on deck are not returned alive and the
survival of released animals is not expected tbigh. Observers in the NPF estimate that mortality
sawfish broughon deck is approximately 90%.Additional measures to reduce the capture of this
species are therefore required.
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The QDFT and NTFTF fisheries do not have TEDS orDBR and while the retention of
elasmobranchs in both trawl fisheries is not pdaditpost capture mortality of captured species is
currently unknown. Given the high catches of eldsranchs in these fisheries, data on the post
release survival of commonly captured species shbalassessed in the future. Given the nature of
the fishery, benthic species such as sawfish, rstysg shovelnose sharks and guitarfish are more
likely to be at risk from these fisheries. The NTR3hery operates using short shots and a hopper
arrangement that is designed to increase the surefwnwanted and larger species. Turtle exclusion
devices (TED’s) will also be introduced to the NHh 2007 (David McKey, NT Fisheries, Pers.
Comm).

Summary

Gill net and trawl fisheries which capture elasnasimhs as bycatch require management initiatives to
reduce the incidental capture of threatened antbqted species as well as additional researcttlieto
survival of released animals to demonstrate ESDmaedt the requirements of the NPOA — Sharks.
Long term, species specific monitoring of catchssaiso required to ensure that management
initiatives are having the desired effect.

The lack of species specific catch data (log bdakh target (chapter 2) and bycatch fisheries (this
chapter) combined with a range of target and bycdigheries which capture a large variety of
elasmobranch species makes it difficult to asdessstistainability of elasmobranchs in all fisheries
The data collected in the current project does kewallow for an updated risk assessment of
elasmobranchs in northern Australia using infororatbn the catch composition and fishing methods
of fisheries that capture elasmobranchs as targebgcatch. Using these data as well as new data on
the biology of certain species, risk assessmenthodst will be used to estimate the relative
sustainability of all species of elasmobranchsadhern fisheries. Both the EPBC Act and the NPOA
— Sharks requires all fisheries that capture elé#sarchs as target and non-target species to
demonstrate that the catches are sustainable.
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Sexual maturity in males

(1) Measure claspers
(2) Record whether uncalcified or calcified
(3) Plot relative clasper length against body length

First maturity

) 1'2 ] ]
I
PERLE e
i " i
-% * o og .:, . o) uncg!ufled
i b o . @ calcified
@ i F
ag_ ! o o I:!ﬂ
= I
% 2 .“F:‘ L o o | a
S !
an 50 B 70 GO oac
Total length (cm)
Reproductive Sampling Info from John Stevens FRDC &R project

Figure 4.3-1: Measurement required to determine se&jal maturity in males. The graph represents the
relationship between clasper length and total lengt
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Table 4.3-1: Female reproductive stages*

Stage 1.

Immature

Oviducts and uteri thread-like.
Nidamental gland not visible, g
present only as slight swelling.
Uteri not distinguishable from
oviducts. Ovary indistinguish-
able from epigonal organ, or
very small with minute ova.

Stage 2.

Mature resting

Nidamental gland visible as
heart-shaped structure. Uteri
clearly distinguishable from
oviducts. Ovary well formed,
ova of about 5 mm in diameter
with clear yolk.

Stage 3.

Pre-ovulatory

Uteri expanded, thick walled
and vascular. Ovary with large
yellow yolked eggs ready for
ovulation.

Stage 4.

Pregnant

Uteri expanded and containing
eggs or embryos.

Stage 5.

Spent

Uteri very expanded, thin
walled and flaccid. May contair
remnants off egg membrane o
placental scars. Ovary usually
with numerous pale or greeny
coloured corpora lutea and
mostly with small ova.
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Reproductive seasonality

Weigh testis

Measure maximum ova diameter

Testis weight (% of body wt)
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Figure 4.3-2: Representative diagram of the femaleeproductive system in elasmobranchs.
stages were based on this diagram

Maturity
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Female reproductive system
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Figure 4.3-3: Representative diagram of the femaleeproductive system in elasmobranchs. Maturity
stages were based on this diagram.
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Figure 4.3-4: Representative diagram of the male rapductive system.
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Pregnant females

i S+ MR,
" . a— 5,
.-a--«"? et e LT kS

Record ova in utero
Measure embryos

o i o g

et 4 Frod i i
i it e AT ¥

T —y
,-’é\ - 13
80 -
L 123 t !I
£ 50 B i *
> t
9 40
©  ap- 1
£ s
L% 20 i i
10
1
[ T T T T T T 1 [ T T 1
M A M 4 J A 5 O N T J F
€
S w .
= 3995 S 1
(@] (153
2 i °TH
o . 1w
© i ol
E 10 ,5{,{’
E ] l.._—.-‘l-.-=-.—.—.
L JFMAMYI JASOND YIEWMAMITASOND

Month

Figure 4.3-5: Pregnant females
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5. CHAPTER 5 - OBJECTIVE 4 STATUS OF SAWFISH

Information supplied by Stirling Peverell and Nétlibble

Objective 4  To derive estimates of biological parameters teeasgshe status of sawfish
populations; age structure, reproduction and growth

5.1 Introduction

This objective was developed to collect as mucHobioal information as possible on sawfishes.
Internationally and within Australia, there is vdityle known about the biology of this group anety
they are the focus of concern. An FRDC NPF bycatdiject clearly demonstrated the uncertain status
of sawfishes in the NPF (Stobutz&t al. 2002), while the NHT funded survey of freshwated a
estuarine elasmobranchs in northern Australia bgriirn et al. (2003) highlighted the decline in
sawfish numbers across northern Australia. Moreckmively, the data from the Queensland Shark
Beach Protection Programme over the last 40 ydaosvs clear evidence of sawfish population
decline on the east coast. The lack of biologicalvidedge of these species in the light of this idecl
and in the face of worldwide declines and extinttiohas made this study more urgent as fishing
pressure increases in the remote areas of the. north

The collection of new biological information wilhable a more robust assessment of the impact of
fisheries on this group and Chapter 6 reflects dheent Risk Assessment for the sawfishes in
northern Australia.

5.2 Methods

This work was undertaken by Stirling Peverell (QP#etusing primarily on Queensland but will aim
to extend this to NT and WA. This formed part d¢irlBg’'s Master of Science with James Cook
University. Observers collected samples for sawkigllogical parameters. Age and growth studies
were conducted at the Northern Fisheries Centiagugertebrae to estimate the age of individuals.
Vertebrae sectioning requires a minimum of six §ize class per species. Reproductive staging was
conducted on all available specimens and, whersilgles the number of offspring estimated. The
combination of the reproductive and aging work éembongevity and age-at-maturity to be estimated
and compared among the species as are estimafesuofdity and growth rate. Genetic analysis of
samples was undertaken to determine or validateiespddentification. Recent surveys have
identified a potential new species and this will diarified. DNA profiling on 20 individuals per
species (where possible) was planned to be undertdtough the JCU electrophoretic lab under the
supervision of Professor Howard Choat. However, esgrocessing problems forced some of this
work to be re-directed to the QDPI Molecular FiséerLaboratory at Deception Bay (Jennifer
Ovenden, the laboratory has recently re-locatetthé¢oQueensland Bioscience Precinct, St. Lucia). A
tagging program was conducted in conjunction wihkreational and commercial fishers through
INFOFISH services and will be directed by Bill Sawk. Fisheries observers plan to tag sawfish
using stainless-steel headed dart tags. (Radioaaadstic tracking will be investigated to provide
important behavioural information such as survipast captures and movement of released animals -
This technology is already available within QFSheTtagging will provide some age and movement
information on the species.
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5.3 Results & Discussion

5.3.1 Sawfish biology and ecology in the Gulf of Ca  rpentaria.

This work has been carried out as part of a JCU Mi®¢ect; the final draft of the dissertation is
complete and currently undergoing editing priorstdomission. The outcomes so far have been two
major reports to the project:

a. The spatial distribution and relative abundan€ehe four species of sawfish on
Queensland coastal Gulf of Carpentarrjstis microdon Pristis clavata Pristis
zijsron, Anoxypristis cuspidataThis work has been published #Environmental
Biology of Fishes 2005, 73:391-402 as Peverell, S. C. “Distribution of sawéis
(Pristidae) in the Queensland Gulf of Carpentafiastralia, with notes on sawfish
ecology” (Appendix 5).

b. Age estimation based on vertebral section “ringlints and age/growth equations of
the four species of sawfish on Queensland coastdf G Carpentaria;Pristis
microdon Pristis clavata Pristis zijsron Anoxypristis cuspidatédraft manuscript,
Appendix 3).

These reports have been used extensively in thectipgion of Key Species Groups in the Northern
Planning Area” produced for the National Oceansidg®ffand in a CSIRO report to DEH on the
conservation status @fistis microdon (Stevenst al. 2005).

At the time of preparation of this report, the ikesad been submitted and some rewriting was
expected before final acceptance. A summary ofitliings are presented here as derived from a draft
Abstract from the thesis document. ltalicised hegsliare included for clarity. Full data details for
spatial distribution and the age estimation manptcare included in Appendix 5 as referred to in
sections a and b above.

5.3.2 Draft MSc Thesis Abstract

The sawfish group Pristidae are relatively rare arelcritically endangered in many habitats around
the world. Information on their distribution andelihistory is limited. This study has improved the
knowledge of pristid distribution and abundancenwithe inshore and offshore set net fisheriehef t
Gulf of Carpentaria (GoC), Queensland (Qld). Cometing this is information on the life history
and biology of each of the species with recommaadsatfor future management strategiBsistis
microdon P. zijsron P. clavataand Anoxypristis cuspidatare distributed throughout the Northern,
Southern and Western Qld regions of the GoC, Alistra

Abundance and Distribution

This study showed thanoxypristis cuspidatavas the most abundant species and was recorded in
both the inshore and offshore set net fisheridsih its mature and immature life stagésoxypristis
cuspidataabundance appeared to be greatest in the Nontbgion of the Gulf with a maximum catch
per unit effort (CPUE) of 0.83 sawfish 500m net dayhe size distribution and catch locationshof
cuspidatasuggest that the inshore area to a depth of tenesmenay be the preferred habitat for
juveniles, while adults primarily occur offshor@ristis microdon P. zijsron and P. clavatawere
recorded only in the inshore fishery with catchemphated by immature animals. The abundance of
P. microdonandP. zijsronwas extremely low with a maximum CPUE of 0.1 an2 €awfish 500m
net day' respectively and their distribution patchy. Theximmm CPUE forP. clavatawas 0.83
sawfish 500m net ddy however unlikeA. cuspidata,their distribution was more restricted. The
incidental catches oP. microdonin the set net fisheries of the GoC appear to dssanal. This
species was predominantly caught in the inshohefislate in the monsoonal wet season (February to
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April) and inhabited both freshwater and estuagneironments. These findings are supported by tag
and recapture and microchemistry of vertebrae (CRMS) analysis.

Tagging

The tag and recapture data demonstratesRhamicrodonis capable of moving along the coastal
foreshore between estuaries and juveniles migrpstream following the receding freshwater and
downstream with the floodwaters. The findings frira LA-ICPMS analysis support the theory that
P. microdonutilise freshwater, estuarine and marine habitatsng different stages of their life
history. High Sr/Ca ratios indicative of a marimeyeonment were recorded in the section of vertebra
representative of the mature life stage Rn microdon Low ratios indicative of a freshwater
environment were recorded during the juvenile $fages. This habitat preference demonstrated by
juvenile P. microdonis possibly a ‘predator avoidance’ behaviour. Aitbh P. microdonwas not
represented in the incidental catch of the offslgilieet fishery, it is highly likely they do inh#lthis
fishing area based on the findings of the tag abebse information and LA-ICPMS data from this
study. Furthermore? microdonis a bycatch species in the Northern Prawn FisfieBF) (Stobutzki

et al, 2002), thereby giving credibility to the hyposigethat this species inhabits deep offshore waters
of the GoC. Unlike the commercial catchRxfmicrodon there appeared to be no seasonal trend in
the catches of the other three sawfish spediestis clavata P. zijsron and A. cuspidatawere
recorded throughout the commercial set net fishtgegson. Information obtained from tag and
recapture oP. clavata andA. cuspidataand LA-ICPMS analysis and short term acoustickirag of

P. zijsron indicate that these specimens exhibited restricgdéd fidelity. Observations of the
reproductive organs and the capture of neonatemmpas suggest that in all four pristids, pupping
occurred through the wet season until the beginointhe dry season in May. These findings add
credibility to the previously unexplained report Aljen (1982) thaf. microdonpup at the mouths of
rivers during the wet season.

Age and Growth

The age at maturity estimates of the four prisfidcées in this study were similar between species.
The number of growth checks on cross-sectionecelveae and observations made of reproductive
organs, the age at maturity fBr microdon P. clavataandP. zijsronwas between 8 and 10 years.
Similarly, for A. cuspidatawith age estimates based from growth checks onchial vertebrae
sections and macro-staging of reproductive orgresage at maturity was 4 years for males and 5
years for females. In this study, size at matuntyfemaleP. microdonwas 300cm T and previously
recorded 306cm Tfor males (Tanaka, 1991). The observed size atuntatof P. clavataand P.
Zijsronin this study was 295cm_ Tand 380cm [ respectively. However, the observed size at ngturi
for A. cuspidatawas considerably smaller at 203cm for males and 225cm, Tor females. In this
study the observed maximum size at birthPomicrodonof 90cm T was considerably longer than
76cm T, previously reported by Compagno and Last (1998 [itter size of between 1 and 11 pups
for P. microdonmay also be inaccurate and could be as high @si84. This inference is based on the
observation of 34 vitilogenic oocytes present ia tivary of a pupping. microdon The size at birth
reported by Compagno & Last (1999) for cuspidatablcm T and those inferred in this study fer
clavata(75cm T) P. zijsron(75cm T.) are biologically reasonable given the size fremyeof young

of the year captured in this study. All GoC prissjgecies share a rapid growth rate in the firstisve
months of development. This first year increassize inP. microdonwas 56cm, irP. clavatait was
35cm, inP. zijsronit was 52cm and ii\. cuspidatat was 42cm. In all GoC pristids the growth rate i
the later mature stages of life decreases to & godavth over the last 10 years of only 14cmHn
microdon 7cm inP. clavata 19cm inP. zijsron and 9cm inA. cuspidataA pattern of growth similar

to that of GoC pristids was reported by ThorsorBgEf) forP. pectinata The longevity estimates for
pristid species in this study are slightly higherthose estimated by Simpfendorfer (2000) For
pectinataand P. perotetti(both 30 years) and lower than that suggested doyaa (1991) foP.
microdon (>44 years). The maximum ages of GoC pristids ednfjom 51 yearsR. microdon, 48
years P. clavatg, 41 yearsA. cuspidaty to at least 36 year® (zijsror). There is a wide range in the
estimates of longevity within the elasmobranch gr¢Gailliet & Goldman 2004) and the findings
reported in this study for GoC pristids concur wimpfendorfer (2000), Last & Stevens (1994),

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



92 CHAPTER 6 — OBJECTIVE 5 RE-EVALUATE RISK ASSESSMENT

Tanaka (1991), Thorson (1982a), Pogonoski (2008pRaskiet al, (2002), in suggesting all pristid
species are long lived in comparison to most otfteesmobranchs.

Diet

This study is the first documented account of ptems found in the stomachs of pristid speciesy Pre
items found in the stomachs Bf microdonincluded Macrobrachium spp Penaeus sppArridae
spp, Tandanus tandanudNibea squamosaPolydactylus macrochiand Rhinomugil nasutusThese
species are of marine, estuarine and freshwatginoRrey items found in the stomachdofclavata
includedP. merguiensisNibea squamosaClupeidae spp.Mugilidae spp, andLeptobrama mulleri
These prey items are typically found in marine astuarine habitats. Teleost fishes were the only
prey items found in the stomachs Bf zijsron and these include&leutheronema tetradactylym
Engraulidae spp Pomadasys kaakahibea squamosandAmbassidae sppvhile captiveP. zijsron
consume pilchard and squid. Prey items found enstomachs oA. cuspidataincluded Mullidae
spp, Synodontidaespp, Platycephaluspp., Carangidaespp, Chirocentrus doraband Photololigo
chinensissuggesting they have a benthopelagic diet. Thg peens of A. cuspidata Anoxypristis
cuspidataare also observed to feed beiognathus sppThe prey items found in the stomachsAof
cuspidataare species typically found in the bycatch of MiF, another commercial fishery known to
capture pristidsAnoxypristis cuspidatavas more resilient to fishing pressure becaubastthe ability
to reproduce at a smaller size and at a youngethagethe othePristis species.

The findings of this study would indicate that iemicrodon P. clavata andP. zijsronpopulations

of the GoC may have (1) moved further offshore motvulnerable to capture or (2) been depleted to
levels where few mature specimens are being catigjet.life history and biological strategies of the
threePristis species are such that they are not capable disimg high levels of fishing pressure, as
demonstrated in othePristis populations around the world. In the QueenslandC Gpristid
populations may have been conserved due to a nuofbfactors including low levels of coastal
development and hence habitat degradation, andxiséence of a multitude of spatial and temporal
fishing closures that help reduce interaction witnmercial fishing nets.

5.3.3 Further achievements:

Extension:

« Publication of a species identification sheet agldase procedures document for sawfish in the
Gulf of Carpentaria set net fishery. These documdrdve been used to formulate similar
publications in the NT and WA by WWF and SEANET.

e A collaborative production between Stirling Pealeand Bill Sawynok of a recreational fishers
sawfish release procedures information sheet.

« Regular advice provided to Gulf Mac through birigfby Rod Garrett (DPI & F representative on
Gulf MAC) and by an invited presentation of sawfdktribution and biology in 2003.

 Regular seminars given to peak commercial fishmgly (Gulf of Carpentaria Commercial
Fishermen’s Organisation) annual meetings.

» Sawfish added to the Queensland Commercial FssBempulsory logbook program “Species of
conservation interest (SOCI)”, due heightened ilgrahused by the project.

« Sawfish were added to the Gulf of Carpentaria @ential Fisherman association shark id guide,
as part of an industry driven Enviromental Managam8ystem with DPI&F project staff
providing technical backup.

« The project carried out shark identification aaavfish live release workshops for commercial set
net fishers in the Gulf of Carpentaria (4) and lom East Coast (2).

« Stirling Peverell organised a workshop for Guff @arpentaria and East Coast commercial
fishermen in Cairns 2004 to present the IUCN NatidPlan of Action for Sharks (presenter was
IUCN Project Officer Rachel Cavanagh).
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Community liaison:

« Extensive community liaison was carried out biyli8f Peverell and the Queensland Coast Care
Facilitator for the Gulf of Carpentaria, Ms KarerdMr, on raising the profile of sawfish based on
data provided by this component of the FRDC proj€ebups targeted included Ecofish on the
East Coast; Northern Gulf, Southern Gulf and CapgkYegional Natural Resource Management
Groups; the Indigenous Fishing Forum; the majod laauncils for the Cape York and Gulf of
Carpentaria region; and Gulf of Carpentaria Catattrivanagement Groups.

« Based on this community liaison work, a succddsifliwas made for NHT Phase Il funding for a
follow-on project, “The development of a Gulf comnity based natural resource monitoring
program, with sawfish as the initial focus”.

* The sawfish information was also used in the DEHPBC Act ecological risk assessment for the
Gulf of Carpentaria commercial fisheries (Roleo?903) and will be used to in the DEH
Queensland East Coast risk assessment process.

« The FRDC project contributed information on sahfidentification and biology to the IUCN
elasmobranch workshop, Brisbane 2003.

« Information on the status of freshwater sawfigsbvjled to Queensland Freshwater MAC to
consider increasing the conservation status opleeies in Queensland waters by protecting them
under state fisheries legislation.

« Based on his sawfish expertise the project Bislo§tirling Peverell was invited to be a member
of the Protected Species and Education Project Tea®PI & F

Expansion of the program:
« The project has successfully maintained strongroanity and industry support for an ongoing
sawfish tagging program.

« The Project Biologist, Stirling Peverell, obtaineeed money from National Ocean Office to
extend the FRDC project by an acoustic trackingystan the green sawfish.

* As an adjunct to the field surveys for sawfishpe@mens of the rare Glyphis sp. of shark were
identified, which resulted in DPI & F funding extsarveys that have expanded the known range
of this shark. The work is currently being publidhe ZOOTAXA as New records of the River
Shark Glyphis (Carcharhinidae), reported from Cafmrk Peninsula, northern Austratia

* Genetic samples have been taken for over 100 r@lared sawfish. DNA extraction protocols
have been developed for all of these species alwitly D-loop and cytochrome b genetic
sequencing methodology. Sequences have been sé&nt denny Ovenden DPI & F Southern
fisheries Centre for further analysis.
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5.5 Sawfish Desktop Study

At the second project meeting in August 2003, thvesis a resolution passed by the meeting to pursue
the collection of all available sawfish catch retofrom existing sources (see Minutes of Second
Project Meeting in Appendix 3). This would includaiseum records, research surveys, Queensland
Shark Control Program (QSCP) and foreign fishingprds from the 1960s through to the recent past.
A six month graduate position was engaged to catry the study (Jenny Giles). Funding was
supported by CMAR and from within the FRDC projegtipport was originally requested from DEH
and FRDC but extra funds were unavailable.

The complete report is provided as part of Appersdand the tables and figures below are contained
in that document. One of the most significant dbations of this study was that it highlighted the
decline in abundance of sawfish. Catches of savdisthe east coast were obtained from the records
of the QSCP, where species were not identified smthe data refers to Pristids as a family group.
The declines in catches are clearly seen in Chaptafr the desktop study report and in particular,
Tables 3.9, 3.10, Fig. 3.3 and 3.4. A total of 01860 sawfish records were represented in the QSCP
records.

Catch summary from all sources

The majority of records in the database were obthinom state agencies; primary NT logbooks and
Queensland’s beach meshing program (Figure 6.4) $bserver data made a very small contribution
to the overall number of state records, and isgurihyg the only data source for sawfish bycatch iA W
and Queensland fisheries. After the state fisherlee most data was collected from historical
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fisheries, the Northern Prawn Fishery and reseancteys, followed by collections, a small number
from the aquarium trade, and miscellaneous repN#esfishing accounts for most of the catch records
in the database (80.2%), followed by trawling (26)6line (9.2%) and recreational gears (0.3%)
(Figure 6.2). The majority of data (79.7%) are reed at the family level (Figure 6.3), largely doe
routine recording at this level in the two largdatasets; NT logbooks and QSCP records. Of those
recorded at species level, 65.5% were recorded agspidatal0.0%, 14.8% and 9.3% Bf clavata

P. microdonandP. zijsronrespectively. A total of threP. pectinatawere recorded (0.3%). These
records were included in the family level group @her calculations. Whilé\. cuspidataand P.
zijsron records came from a variety of sourcBs,microdonandP. clavatawere identified almost
exclusively from research datasets. There are fmgiss-specific records with values for sex, length
and weight (Figure 6.4).
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6. CHAPTER 6 — OBJECTIVE 5 RE-EVALUATE RISK
ASSESSMENT — ASSESSING THE RISK TARGET AND
BYCATCH FISHERIES POSE TO ELASMOBRANCHS IN
NORTHERN AUSTRALIA

Objective 5  To re-evaluate the risk assessment of northerndficithyans (undertaken in the EA
project), based on the new information collectedwah This risk assessment will be
compatible with the one undertaken in applicatid®¥C 2002/033 (PI Terry Walker)
in line with the NPOA-Shark priority for a nationapproach to risk assessment for
chondrichthyans.

6.1 Background

Worldwide, there is increasing concern over theaasoability of elasmobranch fisheries due to these
species slow growth, low natural mortality rated &w reproductive potential (Stevens 1997; Walker
1998; Prince 2002; Bauet al 2003). Management of fisheries that capture eddisamchs as a target
or bycatch is further hampered by the lack of sgeepecific catch and effort data and biologicéhda
required for conventional stock assessment mobfelsustralia, the level of concern is reflectedfie

high number of species listed in the IUCN Red bisthreatened species. Of the species recorded in
northern Australian fisheries assessed in this yst®l species are considered to be critically
endangered, 4 species endangered, 1 species \nlnaral 19 species near threatened.

Following the development of an International PlanAction for Sharks (IPOA — Sharks, FAO
1999a) Australia developed its own National PlarAofion for Sharks (NPOA — Sharks), of which
the first objective is to: “ensure that shark catcfrom target and non target fisheries are susiéen

An important issue arising from the NPOA — Sharlaswhe need to collect data on the species-
specific catch and landings of elasmobranchs armd rteed for these data in ecological risk
assessments. Ecological risk assessment is becamirigcreasingly used approach in fisheries to
assess the sustainability of individual specidsetter guide management.

The system for recording catches of elasmobransha target or bycatch in northern Australian
fisheries does currently not allow the sustaingbibf species captured in these fisheries to be
adequately assessed, particularly in Queenslanthandorthern Territory (NT) (Gribblet al, 2003).
Queensland logbooks only record the weight of sfilek and trunks with no species-specific data. |
NT, commercially important species are only recdrd@ groups such as “blacktip” and
“hammerhead” shark. However, for bycatch evenltsl of detail is unknown. In WA, there is some
information on catch composition of target spedieghe Western Australian North Coast Shark
Fishery (WANCSF). Bycatch composition data from \igheries is also largely unknown. The lack
of species-specific elasmobranch catch data inhaort Australian fisheries does not allow for an
assessment of the sustainability of individualscsse captured in these multi-species fisheries as a
target species or as bycatch using conventionallptipn models.

Due to the lack of species-specific catch datarettee a number of ecological risk assessment
techniques that can be useful for assessing theofisndividual species in highly diverse and data
poor assemblages impacted by a range of fisheNii$o( et al, 2001; Stobutzkiet al, 2001,
Stobutzkiet al, 2003). Stobutzket al (2003) produced a preliminary risk assessmedu8fspecies

of northern Australian sharks and rays taken infigieries based on available data. Although this
assessment approach was valid, the catch compuositithe fisheries assessed was largely unknown
and therefore the results should be viewed withicauln addition to the lack of fisheries catchtaja
species-specific biological data were also lackiog many species. For all species, 43 % of the
biological parameters were unknown and therefovergihe highest possible rank as a precautionary
approach. This resulted in the potential for oviamegtion of the risk to many species.
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Using data collected in Chapters 2 and 4, this tenagpill assess the sustainability of elasmobrarichs
northern Australian fisheries using two semi-quaititie attribute-based risk assessment methods.
Risk assessment refers to the relative risk toiepdcom commercial fishing in the region. Risk is
dependent on the vulnerability of each speciedstuirfg activities based on their ability to recover
from fishing and the amount of a population capluiog the fishery/fisheries. Risk is essentially an
estimate of sustainability and will highlight prityrspecies for management and research. Speaes th
are classified as high risk are least likely toshetainable in the long term while low risk speces
likely to be sustainable.

6.1.1 Risk Assessment methodology

The risk a fishery poses to a population of aninmldependent on the fishing effort, the catchgpbili
and biology of individual species. Recent effodgjualitatively evaluate risk to individual specias
several fisheries that impact high numbers of ggebiave centred on this principle with the term
‘susceptibility’ being used to describe the relatlikelihood that a species with particular ecobad)i
and biological attributes will be caught using atipalar gear type. The potential for a species to
recover from fishing has been termed ‘productivity’ ‘recovery’ and describes the biological
attributes of a species relevant to reproductivienqital, and therefore, their ability to recoveteaf
depletion. Milton (2001) and Stobutzid al. (2001b, ¢) developed a semi-quantitative attrithased
method for assessing the risk of fishing to seassiakeleosts and elasmobranchs in Australia’s
Northern Prawn Fishery (NPF). This risk assessmmegthod uses a ranking system to qualitatively
assess the risk to individual species based om thasceptibility’ to capture by fishing and their
‘recovery’ capacity once populations are fishedegé methods are known as either Productivity -
Susceptibility Analysis (PSA) (Hobdagt al, 2003) or Recovery — Susceptibility Analysis (RSA)
(Griffiths et al, 2006). The overall susceptibility and recovemyksare plotted to estimate the species
that are likely (or least likely) to be sustainabl€his method only produces a relative indicatidn
risk, determining the actual risk of extinction €seéttway et al, 2004) or likelihood of
overexploitation is not possible with these methods

The relative simplicity of this method and its #pilto handle hundreds of species with limited data
has resulted in it being widely used to assessogmal sustainability of elasmobranchs in a rane o
Australian fisheries. Gribblet al. (2004) used the PSA method on Queensland inshafeffshore

gill net fisheries. Stobutzkét al. (2001 b) used the PSA method in the (NPF) andfitasfet al.
(2006) used the RSA method in the NPF followingititeoduction of turtle excluder devices (TEDS)
and bycatch reduction devices (BRDs). Stobutzkial. (2003) used a similar risk assessment
methodology to assess the cumulative risk of 2Befies across northern Australia that captured
elasmobranchs as a target or bycatch

The overall objective of this chapter was to pradan updated risk assessment for northern
Australian elasmobranchs in order to assess thsiaimability in northern fisheries. The specifima
were:

1. Update scores for ‘recovery’ attributes using bjidal data collected by fisheries observers
(Chapter 4).

2. Obtain estimates of the ‘susceptibility’ of eache@ps using observer data on the catch
composition, species specific post-capture moytalitd gear selectivity of different fisheries
(Chapters 2 and 4).

3. Compare the multiplicative (Walker 2004) and adeit{Stobutzkiet al, 2001, 2003) methods
of estimating susceptibility and determine the naggiropriate method.

4. Assess the risk of individual fisheries on the gumstbility of individual elasmobranch species
taken as a target or bycatch.

5. Assess the cumulative risk of all northern Austmalifisheries on the sustainability of
individual elasmobranchs.
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6.2 Methods

A total of 29 northern Australian fisheries thatvbathe potential to capture elasmobranchs were
included in the risk assessment. These fisheries wlgosen on the basis of the fishing gear used and
the area fished. A list of the fisheries, meth@isa of operation, effort and target species isigeal

in Chapters 2 and 4. Data from fisheries obseruerthis project as well as observer data from
previous projects were used to produce a list ecigs captured in these fisheries. A total of 75
species were recorded in 29 fisheries. The riskessssent methodology was based on methods
developed by Milton (2001), Stobutzkt al. (2001b, c) and Walker (2004). The sustainability o
species was considered to be dependant on: 1ysoestibility of the species to capture and mdstali
by the fishery, and 2) the capacity of a populatmmecover after depletion. A range of criteriareve
used to determine the final susceptibility and vecyp values. The ‘susceptibility’ and ‘recovery’ of
each species was plotted along two axes to estithateverall risk or sustainability of each species
The overall values of ‘sustainability’ and ‘recoyewere derived from several criteria summarised
below.

6.2.1 Susceptibility

Susceptibility of a species to capture and subseqretention by a fishery is dependent on the
ecological interaction of the species with the dishoperation. The likelihood that a particularcps

is susceptible to capture and mortality is depehdgon the location of the fishery (distribution,
habitat and depth) in relation to the species apdistribution, the type of gear used, fishingoetf
and post-capture mortality. The following critewiare used to assess the susceptibility of a spezies
capture:

6.2.2 Range
Range The extent of overlap between the fishery andspiexies’ distribution.

This made use of species distribution data front bad Stevens, 1994; Compagno and Niem, 1998,
CAAB database and boundaries of state fisheries.

Rankings were based on the extent of longitudivallap between known species distribution and
fishery area. Species whose distribution extendd keyond the boundaries of the fishery were

considered less susceptible than species whosidigin is encompassed by a fishery.

Rules:

If overlapping area of fishery / area of speciesritiution <0.33, rank = 1

If overlapping area of fishery / area of speciesritiution >0.33 and <0.66, rank = 2
If overlapping area of fishery / area of speciesrdiution >0.66, rank = 3

6.2.3 Habitat

Habitat: Irrespective of geographic overlap (range), tkiergt of overlap between habitats fished (eg
reef, soft sediment, oceanic etc) and speciesdtgirieferences will influence susceptibility.

This made use of species habitat data from LastS&tedens, 1994; Compagno and Niem, 1998,
CAAB database, Fishbase and boundaries of stdueries.

6Rankings will be based on the extent of overlaméen species’ habitat and the habitat each fishery
fishes over or on (Table 6.2-1).

6.2.4 Habitat definitions

Estuarine: Species found within estuaries and ésicer mouths including freshwater.
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Coastal: Species found in coastal inshore areas fnean high water mark to 3 nm from land.
Shelf: Species found between 3 nautical miles offstand 200 m.

Slope: Species found between 200 and 700 m.

Oceanic: Pelagic species found off the shelf.

Pelagic: Species that spend the majority of theietin upper layers of the water column and are not
associated with, or feed on, the sea floor.

Benthopelagic: Species that spend time in the veatieimn but also feed on demersal animals.

Demersal: Species that spend all of their timehenktottom (e.gDasyatis kuhl) and do not venture
far from the seafloor to feed.

Soft substrate: Demersal species that are primas#pciated with soft substrata (sand, mud etc).

Reef: Species that are primarily associated witlralcoor rocky reefs (egCarcharhinus
amblyrhynchok
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Table 6.2-1: Susceptibility in relation to habitatsthat a fishery interacts with. Species habitat prierences are shown in Table 6.6-1.

Fishery type Fishery Low (1) Medium (2) High (3)
Prawn trawl NPF, WABP, WAEGPT, pelagic, oceanic, reef benthopelagic, coastal, shelf ~ demersal, soft substrate, shelf,
WAKP, WANBPF, WAOPF coastal

Scampi trawl NWSTF pelagic, benthopelagic, benthopelagic, slope demersal, soft substrate, slope
demersal, oceanic, coastal,
soft substrate, estuarine, reef,
shelf

Fish trawl NTFT, QDFT, WAPFTF pelagic, oceanic, demersal, demersal, benthopelagic, demersal, shelf, soft substrate

Inshore gillnet

Offshore gillnet
Inshore and
offshore gillnet

Pelagic troll line

Demersal line

Fish trap

Demersal shark
longline

N3, N6, N7, QMBF,
WAKGBF, WAEMBGF,
NTBarr, NTBN, NTCN,
NTMBF

N9, QFJA
NTONL, WAFJA, WANCSF,
NTM, L4, L5

WAPDL (WANCSL),
NTTRF, NTDF

WANDSF, NTCL, WAPTF,
NTTRF, NTDF

WANCSF, WAFJA, NTFJA

benthopelagic, coastal,
estuarine, reef, slope, soft
substrate

pelagic, oceanic,
benthopelagic, demersal,
shelf, slope

pelagic, oceanic, demersal,
coastal, reef, estuarine
oceanic, pelagic, demersal,
benthopelagic, reef, slope,
shelf

demersal, estuarine, oceanic,
slope

demersal, benthopelagic,
pelagic, estuarine, coastal,
shelf, oceanic

demersal, pelagic, oceanic,
benthopelagic, estuarine,
coastal, soft substrate
estuarine, pelagic, oceanic,
demersal, benthopelagic,
slope

shelf, coastal

demersal, benthopelagic,
reef, shelf

pelagic, benthopelagic, slope
demersal, reef, coastal

pelagic, benthopelagic,
coastal

pelagic, benthopelagic,
coastal, shelf

demersal, benthopelagic,
reef, soft substrate, shelf

coastal, reef

pelagic, benthopelagic, shelf,
soft substrate

pelagic, benthopelagic, off-
shore, soft substrate

pelagic, demersal,
benthopelagic, coastal, shelf,
soft substrate

pelagic, benthopelagic, coastal,
shelf

demersal, benthopelagic, reef,
shelf, soft sediment

demersal, benthopelagic, reef,
shelf

demersal, benthopelagic,
pelagic, coastal, shelf
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6.2.5 Depth

Depth: The extent of overlap between the depth range disdmed the vertical distribution of the
species.

« Use species depth distribution data from Last asgle®is, 1994; Compagno and Niem, 1998, and
Fishbase and depth fished by each fishery.

» Rankings will be based on the extent of overlapvbeh species depth and the depth range each
fishery fishes.

Rules:

If overlapping depth of fishery / depth of spediéstribution <0.33, rank = 1

If overlapping depth of fishery / depth of spediéstribution >0.33 and <0.66, rank = 2
If overlapping depth of fishery / depth of speaiestribution >0.66, rank = 3

6.2.6 Selectivity

Selectivity: Selectivity is the relative proportion of a popidatthat are vulnerable to capture in the
fishing gear. This takes into account mesh sizeedpof gear (e.g. trawl speed), and the size of
animals likely to encounter the gear. Although acggs may interact with a particular gear type, it
does not always result in captubalditional data from the fishery (average sizeagitare) and expert
knowledge (size of animals in a particular areashmselectivity) was therefore used to determing thi
rank. For example, bull shark&rcharhinus leuca estuarine and coastal areas are best captured i
6-7 inch mesh gill nets, since the majority of aalisnin these areas are juveniles and are smallgénou
to be meshed. However, over the shelf, the majaifitipull sharks are large adults that are too big t
be captured in 6 — 7 inch mesh gill nets. In egteagill net fisheries, bull sharks would have a
selectivity of 3, whereas in offshore fisheriese thelectivity rank would be 1. The following
guidelines were used to determine overall rank.

Low risk (rank = 1): Species that are known to inhabit the area bestgeél but are not recorded or
are recorded infrequently in the gear type eggstips and eagle rays in gill nets. These specigs ma
interact with the gear but because of their morpinlthey are not captured. Less than 33% of animals
encountering the gear are captured.

Medium Risk (rank = 2): Species that are captured by the gear type butcargways captured when
they interact with it. Between 33 and 66% of ansraicountering the gear are captured

High Risk (rank = 3): Species are almost always captured by a gear wienencounter it. For
example, black tip sharks and sawfish in gill n&tsis largely relates to target fisheries wheregbar

is specifically designed to capture particular sgecGreater than 66% of animals encountering the
gear are captured

6.2.7 Post capture mortality

Post capture mortality: Post-capture mortality is the proportion of anintalst survive after capture,
handling and being returned to the water. For tasgecies, survival is obviously low as most angnal
are retained. For species that are released, ppatire mortality takes into account the proportién
animals that survive release. Post-capture mortalés determined from observation of released
animals by observers and from the expert panel.

Rules:
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If more than 66% of animals are released aliveofaithg capture and survive release, rank = 1
Between 33 and 66% of animals survive capture alehse, rank = 2
Less than 33% survive capture and release, rank = 3

Survival rules for sawfish in Western Australia (WAEMBGF and WAKGBF)
Anoxypristis cuspidatarank = 3 for both fisheries. Retention and Mexy post release survival

Pristis clavata
EMBGF, rank = 1. Most animals are small and areastd, survival is high.

KGBF, rank = 2. Animals are larger and thereforerendifficult to release. However, it is
assumed that one operator can release all animals.

Pristis zijsron, rank= 3 for both fisheries
Pristis microdon rank = 3 for both fisheries

6.2.8 Recorded

Recorded: This criteria uses observer data on species cotipogd identify whether a species is
captured by the fishery or not. Observer coveragedrtain bycatch fisheries was probably not
representative of the fishery and species compasitias not always determined. In these cases, data
from similar fisheries was used based on experhiopi at a risk assessment workshop held in
Cleveland (February 2006). Workshop participantduided: Dr John Stevens (CSIRO), John Salini
(CSIRO), Terry Walker (DPI Victoria), Dr Neil Griltd (QDPIF), Mark Doohan (QDPIF), Rory
McAuley (WA Fisheries), Dr Rik Buckworth (NTDBIRDpave McKey (NTDBIRD) and Dr Richard
Pillans (CSIRO).

For example, species composition in the NTCN fighgas not determined but was assumed to be
similar to the NTBarr fishery. Differences in thelectivity of the mesh size in these two fisheaes
accounted for in the selectivity criteria. Specaes either recorded in a fishery or not, theretbe
following criteria were used:

Low Risk (rank = 1): Species that are not recorded in the fishery
High Risk (rank = 3): Species that are recorded by the fishery

6.2.9 Weighting of fisheries that use more than one method

Certain fisheries use a combination of gill netd &ng lines (eg NTONL, WANCSF) or demersal

long lines and traps (eg NTTRF). For these fislsetiee susceptibility for each method was calcdlate
independently and then weighted using the relatffert (number of licences utilising each method)
to determine the overall rank. Separate risk ass®ss for gill net and long line or line and trap

components of individual fisheries could not be dueted due to confidentiality issues where fewer
than 5 boats were using a particular method.

6.3 Recovery

Recovery is specific to the biology of individuglegies. Fast-growing, highly fecund species haging

greater capacity to recover once the populatiodeigleted than slower-growing species with low
fecundity. Scores for recovery criteria were detagd from biological data on all species. Estimates
of recovery were primarily based on size data duéhé general relationship between size, growth
rates and population recovery. In general, largecies tend to live longer, have slower growth and
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older maturation (Roberts and Hawkins, 1999; Jaymiet al, 1999). Species with these
characteristics have been shown to be significamttyre susceptible to population decline under
fishing pressure.

Smithet al. (1998) studied the rebound potential of 26 speafd3acific sharks using a demographic
modelling technique. They use a derivative of tlopuation parameter ‘r’,ok (intrinsic rate of
natural increase) which they termegl (intrinsic rate of population increase at MSY). Fhesults
showed: i) smaller sized sharks tended to maturéeeabe shorter lived, and hag,rvalues than
larger species. These species had the highestrrélmw, and were smaller inshore coastal species
(eg Rhizoprionodon terranovagii) sharks within the mid-rangeyrvalues were mostly large and
relatively fast-growing and early-maturing pelagipecies. This group included species such as
Galeocerdo cuvier, Carcharhinus limbatus, Prionagauca as well as some benthic species such as
Triaenodon obesuysand iii) sharks with lowest recovery probabilitidowest §,) were medium to
large in size, slow growing, late-maturing coastarks such aSarcharhinus leucas, C. obscurus, C.
plumbeusandNegaprion brevirostris

In the absence of age and growth data for mosiepé9 of 71 spp.), we have utilised a combination
of the following characters to score recovery cd@nd to determine the overall recovery score.

Size at birth

Smaller species with highek*values éensuwon Bertalanffy growth parameters) are born aighdr
proportion of their maximum size than larger, slovggowing species (Cortez, 2000). Our data
supported this with values of size at birth/maye gigxpressed as a percentage) between 33-45% for
small species such &s tayloriandC. sorrah.Larger species such &s leucasandN. acutidensave
values between 8-20%. Species born at a smaller ggnerally represent faster growing, highly
productive species.

Size at maturity

Species with a large size at maturity tend to rel@nger generation time and are more vulnerable to
over-exploitation since recruitment and populati@eovery is slow (Jennings, 1998; Roberts and
Hawkins, 1999). Frislet al. (2001) also showed that larger species had slgveavth rates within the
family Carcharhinidae.

Age at maturity
Species that mature later have longer generatioestand are therefore less productive.

Age at maturity/max size

Age at maturity/maximum size was used only whea datage at maturity were available. Combining
age at maturity and max size ranks species witlmall size but slow growth rates (€y plumbeuk
more accurately.

Maximum size

Species that attain a large size are generallyelotiged than smaller species, at least in tropical
regions. Frisket al. (2001) showed that larger species within the far@archarhinidae have slower
growth rates. In general, larger species tendvi Ibnger and their populations recover more slowly
(Roberts and Hawkins, 1999).

Annual fecundity (pups per litter and reproductive periodicity)

Annual fecundity takes into account both numbepuwbs and reproductive periodicity. However, in
30 out of 53 cases within the group of species w/fidr was used to determine ranks, there was no
data available on reproductive periodicity. Thisweohave lead to all of these species being ramlsed
“high risk” by using the highest precautionary v@afor any criteria using this value. However, datta
number of pups per litter are available for mostcéps. It was therefore considered more inforneativ
to use both number of pups per litter and repradegieriodicity and obtain a separate ranking for
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each. Species that produce more pups per year @ productive and will have a greater resilience
to fishing pressure.

6.3.1 Overall recovery

Recovery was determined by taking the averagel oéebvery parameters (see Determination of risk
from each fishery on individual species under til#ing conditions.

For species where no age data was available:

Recovery = weighted average of ranks for size i bsize female maturity, maximum size, number
of pups per litter and reproductive periodicity.

For species where age data was available:

Recovery = weighted average of ranks of size ahbage at maturity, age at maturity/max size,
number of pups per litter and reproductive periibglic

The two different calculations of recovery were maol take into account age data if it was known. In

addition, an expert panel assessed each final eegaanking to determine if there were species that
were ranked incorrectly in terms of their biologyhere was agreement that all species were ranked
accurately with respect to other species.

6.3.2 Determination of recovery:

Each species was ranked 1, 2 or 3 for each recowetgria. Rankings were determined from

biological data of each species (Table 6.6-2). éawh criterion, the minimum and maximum values
were log transformed and divided into thirds. Thbeandary points were then back transformed to
provide a means of determining criteria rankingh{€a6.3-1, Table 6.3-2). Log transformation was
used to reduce the influence of outliers.
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Table 6.3-1: Criteria used to determine recovery raking for size at birth, size at female maturity aml
maximum size. Size ranges were calculated in totingth (TL) for sharks, shovelnose rays, guitarfistand
sawfish. Disk width (DW) was used for stingrays andkates. For example, a species with a birth sizé 40
cm TL would be given a rank of 2 for the size at th criteria.

Rank  Size at birth (TL) Size female maturity (TL) Maximumsi  ze (TL)
1 < 30.69 <80.13 <137.57
2 between 30.70 and 55.4 between 80.14 and 183.28  between 137.57 and 300.41
3 >55.4 >183.28 >300.41

Rank  Size at birth (DW) Size female maturity (DW) Maxs ize (DW)
1 <16.167 <32.61 <45.69
2 between 16.17 and 23.75  between 32.62 and 62.55 between 45.69 and 122.78
3 >23.76 >62.56 >122.78

Table 6.3-2: Criteria used to determine recovery raking for age at maturity (only species where ageala
were available), litter size, reproductive period ad age female maturity/maximum size (only species
where age data were available).

Age
Reproductive  maturity/maximum
Rank  Age at maturity Litter size period size
1 <2.71 >11.69 <1 <0.018574
between 3.41 and between 0.01857 and
2 between 2.71 and 7.36  11.69 >=1 0.03305
3 >7.36 <3.41 >or=2 > 0.03305

The following decision rules were used to filtee thiological data from various sources into Table
6.5-3. In all cases, regional data was used irepeete to data from other areas.

Birth size (cm TL) — where more than one credible value was availétidesmallest value was used.

Size at female maturity (cm TL)— where more than one credible value was availdbé smallest
value was used.

Maximum size (cm TL) — where more than one credible value was availdb&largest value was
used.

Age at female maturity (years)— where more than one credible value was availdbk smallest
value was used.

Max age (years)- where more than one credible value was avail#iiséelargest was used.

Average Litter Size— where average was available it was used, otkerthie mean of maximum and
minimum litter sized was used. If only one valueswaailable it was used.

Reproductive Period (years)— where more than one credible value was availdbtelargest value
was used. Adjustments were made for to make gestpériod consistent for all species.
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6.4 Weighting of criteria

All criteria were weighted to reflect their perceds importance to overall ‘recovery’ or
‘susceptibility’. Recovery weightings mainly refted the importance of size at maturity, number of
pups and reproductive periodicity to overall reprciive output. In contrast, ‘susceptibility’
weightings place more emphasis on criteria suclsedeactivity, survival and whether a species is
recorded in a fishery. Weightings were determinededl on expert opinion at a risk assessment
workshop held in Cleveland (February 2006). Worlshparticipants included: Dr John Stevens
(CSIRO), John Salini (CSIRO), Terry Walker (DPI ¥ida), Dr Neil Gribble (QDPIF), Mark Doohan
(QDPIF), Rory McAuley (WA Fisheries), Dr Rik Buckwtb (NTDBIRD), Dave McKey (NTDBIRD)
and Dr Richard Pillans (CSIRO).

The following weightings were applied to suscefitipiand recovery criteria:

Susceptibility: Range = 2, Habitat = 1, Depth = 2, Selectivity3=Post capture mortality = 3,
Recorded = 3

Recovery. Size at birth = 1, Size at female maturity = 3ifnum size = 1, Number of pups = 3,
Reproductive periodicity = 3

6.4.1 Effort weighting

An effort weighting was used in an attempt to weitite fishing mortality imposed by each fishery.
Effort weighting was only applied to the cumulativiek assessment (Objective 5). Intuitively, a
fishery that targets elasmobranchs will have atgréapact than a fishery that only captures a few
elasmobranchs on rare occasions. The exceptiottist@re fisheries that infrequently capture rare
species or catch large numbers of elasmobranchshhee the same habitats as as the target sppdcies
a fishery, such as prawn trawling . In these cabesimpact from these captures may be equal to or
greater than target elasmobranch fisheries. Dubedack of species-specific catch data in allestat
logbooks, species-specific catch data could natdesl.

The total susceptibility of any species to a patéc fishery was therefore weighted according ® th
total catch of elasmobranchs within that fishergisTapproach was required to limit overestimatibn o
risk from fisheries that do not capture large qiti@stof elasmobranchs.

The total catch of elasmobranchs from all fishenes determined from 2004 logbook data. Total
catch (kg) was used in preference to CPUE due ¢h HEffort in fisheries that interact with
elasmobranchs as bycatch, which would underestithatanportance of these fisheries.

The minimum and maximum elasmobranch catch inisitiefies were log-transformed and divided
into thirds. These boundary points were then baaksformed to categorise the catch from each
fishery as High (3), Medium (2) or Low (1). Eadbhfery was assigned a rank of 1, 2 or 3, which was
used to calculate the cumulative susceptibilitgaéh species to all fisheries.

Species-specific catch composition for some figterias available from observer data, however, it
was not used to weight “susceptibility” due to imeited number of shots observed in all fisheried a
the large variation within species-specific CPUHEni fisheries.

6.4.2 Determination of risk for each species per fi  shery

Susceptibility was determined using both a multgtive and a weighted average approach. This was
done in order to compare the outcome of each me#mst determine which method is the most

appropriate.

The total susceptibility score using the multiplica approach was calculated as:
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| R
S =| ——[x2/3+1
243

where $= the total susceptibility for species
R = the rank (1, 2, or 3) for speciefor criteriaj
n = the number of susceptibility criteria

The total susceptibility score (weighted averagé¢hmd) or recovery ranking for each species in each
fishery was determined by the following equation:

where $= species susceptibility in fisherpr recovery rank for speciés

W, = the weighting for criterig
R; = the rank (1, 2, or 3) for speciefor criteria |
n = number of susceptibility or recovery criteria

2 WR
S="F—
ZWJ 2WR
i=1

— =

W
j=1

6.4.3 Determination of cumulative risk of all fishe  ries on individual species

Total susceptibility combined for all fisheries fadividual species was determined by:

Where: $= total susceptibility for speciésn all fisheries
W; = weighting for fishery (total elasmobranch catch in each fishery)
Ri = susceptibility rank for speciésn fishery;j
n = number of criteria on each axis

The total ‘susceptibility’ and ‘recovery’ criteri@ere graphed to determine the relative sustairgbili
of each species across all fisheries. The moshisastie species have the lowest rank in both axes,
while the least sustainable (highest risk) speuilshave the highest values on both axes. Species
with a low susceptibility rank and high recoverykawill also be at low risk as these species ate no
captured by the fishery/fisheries. Species thatehdow recovery ranks and medium to high
susceptibility ranks will be at medium to high risk

6.5 Results
6.5.1 Recovery

Recovery and susceptibility ranks were determireed/b species in 29 fisheries. Ranks of recovery
criteria and the percentage of species with spegiesific biological data available for rank
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determination are presented in Table 6.5-1 andeT@ld-2. Final recovery ranks are shown in Table
6.5-3. For species where total length was used I€T&tb-1), age at maturity and reproductive
periodicity had the least amount of species spedifological data. For species where disk width
(DW) was used (Table 6.5-2) there were few dataalbrcriteria except maximum size. Lack of

biological data resulted in these species haviridgh recovery rank as all unknown criteria were
given a precautionary maximum value of 3. Spedias lhad a high recovery ranking due to a lack of
data includedAetobatis narinari, Himantura jenkinsi, Mobula emaootenkee Pastinachus sephen
andUrogymnus asperrimus.

Species with the lowest recovery ranks (highesbwery potential) were primarily smaller species
such aLCarcharhinus sorrahC. maclotj Hemigaleus microstom#&hizoprionodon acutu®. taylori
Dasyatis kuhliiand D. leylandi Species with the highest recovery rankings weimarily large
species includingCarcharhinus amboinensi€. leucas C. obscurus Negaprion acutidensPristis
microdonandP. zijsron
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Table 6.5-1: Species specific recovery criterion riks for species where total length (TL) was used.dRks were calculated based on criteria in Table 6-:3Table 6.3-2.
Numbers in parenthesis is the weighting used for ea criteria. Species with an asterisk are those oplrecorded in the NWSTF. Ranks of 3 with an asterls represent
criteria where species specific data was unknown.oF species were data was not available, a rank ofv@as assigned. The species specific information (kahown) column
represents the number of species for which data wawailable for that criterion.

Scientific name Sizeat Size atfemale Maximum  Litter size  Reproductive Age at Age at Percent known
birth maturity size periodicity maturity maturity/maximum for each
(1) (3) (1) (3) (3) (3) size (1) species

Species specific information (%

known) 98 90 100 84 65 36 36

Alopias pelagicus 3 3 3 3 3* 2 2 80
Anoxypristis cuspidata 3 3 3 1 2 1 1 100
Carcharhinus albimarginatus 2 3 2 2 3 3* 3* 100
Carcharhinus altimus 3 3 2 2 3* 3* 3* 80
Carcharhinus amblyrhynchoides 2 2 2 2 2 3* 3* 100
Carcharhinus amblyrhynchos 2 2 2 3 3 3 3 100
Carcharhinus amboinensis 3 3 2 2 3 3* 3* 80
Carcharhinus brevipinna 3 3 2 2 3 2 2 100
Carcharhinus cautus 2 2 2 3 2 3* 3* 100
Carcharhinus dussumieri 2 1 1 3 2 3* 3* 100
Carcharhinus falciformis 3 3 3 2 3 2 2 100
Carcharhinus fitzroyensis 2 2 1 2 2 3* 3* 100
Carcharhinus leucas 3 3 3 2 3 3 3 100
Carcharhinus limbatus 3 3 2 2 3 2 2 100
Carcharhinus macloti 2 1 1 3 2 3* 3* 100
Carcharhinus melanopterus 2 2 2 2 2 3* 3* 100
Carcharhinus obscurus 3 3 3 2 3 3 3 100
Carcharhinus plumbeus 2 2 2 2 3 3 3 100
Carcharhinus sorrah 2 2 2 2 2 1 1 100
Carcharhinus tilstoni 3 2 2 3 2 2 2 100
Carcharias taurus 3 3 3 3 3 2 2 100
Centrophorus granulosus 2 3* 2 3 3* 3* 3* 60
Chiloscyllium punctatum 1 1 1 3* 3* 3* 3* 40
Eucrossorhinus dasypogon 1 3* 1 3* 3* 3* 3* 40
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Scientific name Sizeat Size atfemale Maximum  Litter size  Reproductive Age at Age at Percent known
birth maturity size periodicity maturity maturity/maximum for each
(1) (3) (1) (3) (3) (3) size (1) species
Eusphyra blochii 2 2 2 2 2 3* 3* 100
Galeocerdo cuvier 3 3 3 1 3 1 1 100
Glyphis sp. A 2 3 2 2 3 3* 3* 100
Glyphis sp. C 3 2 2 2 3* 3* 3* 60
Hemigaleus australiensis 1 1 1 2 2 3* 3* 100
Hemipristis elongata 2 2 2 2 3 3* 3* 100
Hexanchus griseus 3 3 3 1 3* 3* 3* 80
Hydrolagus lemures * 1 1 1 3* 3* 3* 3* 60
Isurus oxyrinchus 3 3 3 2 3 3 3 100
Loxodon macrorhinus 2 1 1 3 2 3* 3* 100
Mustelus sp. B 1 1 1 2 2 3* 3* 100
Nebrius ferrugineus 2 3 3 1 2 3* 3* 80
Negaprion acutidens 3 3 2 2 3* 3* 3* 80
Orectolobus wardi 3* 3* 1 3* 3* 3* 3* 20
Prionace glauca 2 3 3 1 3* 1 1 80
Pristis clavata 3 3 3 3* 3* 3* 3* 60
Pristis microdon 3 3 3 3* 2 1 1 80
Pristis zijsron 3 3 3 3* 2 1 1 80
Pseudocarcharias kamoharai 2 1 1 2 3* 3* 3* 80
Rhina ancylostoma 2 3* 2 3* 3* 3* 3* 40
Rhinobatos typus 2 3* 2 3* 3* 3* 3* 40
Rhizoprionodon acutus 2 1 1 2 2 3* 3* 100
Rhizoprionodon oligolinx 1 1 1 2 3* 3* 3* 80
Rhizoprionodon taylori 1 1 1 2 2 1 1 100
Rhynchobatus australiae 2 2 2 1 3* 3* 3* 80
Sphyrna lewini 2 3 3 1 2 1 1 80
Sphyrna mokarran 3 3 3 1 3 3* 3* 100
Stegostoma fasciatum 1 2 2 3 3* 3* 3* 80
Triaenodon obesus 2 2 2 3 3* 2 2 80
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Table 6.5-2: Species specific recovery criterion rks for species where disk width (DW) was used. R&s were calculated based on criteria in Table 6.3-4nd Table 6.3-2.
Numbers in parenthesis is the weighting used for ea criteria. Species with an asterisk are those oplrecorded in the NWSTF. Ranks of 3 with an asterls represent
criteria where species specific data was unknown.oF species were data was not available, a rank ofv@as assigned. The species specific information (kaown) column
represents the number of species for which data wawailable for that criterion. No age data was aailable for any of these species and therefore nitcluded.

Scientific name Size at Size atfemale Maximum Litter size Reproductive Percent known from
birth maturity size periodicity each species
) 3) 1) 3) 3)

Species specific information

(% known) 59 64 100 41 23

Aetobatus narinari 2 3* 3 3* 3* 40
Aetomylaeus nichofii 2 2 2 3* 3* 60
Dasyatis annotata 3* 1 1 3 2 80
Dasyatis kuhlii 1 2 1 3 2 100
Dasyatis leylandi 1 1 1 3 2 100
Gymnura australis 3* 2 2 2 2 80
Himantura jenkinsii 3* 3 2 3* 3* 40
Himantura toshi 2 3 2 3 3* 80
Himantura uarnak 3 3* 3 2 3* 60
Himantura undulata 2 3 3 3* 3* 60
Manta birostris 3 3 3 3 3* 80
Mobula eregoodootenkee 3* 3* 2 3* 3* 20
Narcine sp. A 3* 1 1 3* 3* 40
Pastinachus sephen 2 3* 3 3* 3* 40
Pavoraja alleni * 1 1 1 3* 3* 60
Plesiobatis daviesi * 3* 3 3 3* 3* 40
Raja sp. F * 1 1 1 3* 3* 60
Raja sp. | * 1 2 2 3* 3* 60
Rhinoptera neglecta 3* 3* 2 3* 3* 20
Squatina sp. B * 1 1 1 3* 3* 60
Taeniura meyeni 3 3 3 3* 3* 60
Urogymnus asperrimus 3* 3* 2 3* 3* 20
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Table 6.5-3: Final recovery ranking for each specg&in ascending order. Abbreviated name refers to th
species as presented in the sustainability plotSthe number of criteria were biological data was aviable
is shown as a percentage.

Family Scientific name Abbreviated Final Percent of
name Recovery recovery
rank criteria where
data available
Carcharinidae Rhizoprionodon taylori Rhta 1.55 100
Hemigaleidae Hemigaleus microstoma Haus 1.55 100
Triakidae Mustelus sp. B MspB 1.55 100
Carcharinidae Carcharhinus sorrah Csor 1.64 100
Carcharinidae Rhizoprionodon acutus Rhac 1.64 100
Sphyrnidae Sphyrna lewini Slew 1.64 80
Pristidae Anoxypristis cuspidata Acus 1.73 100
Carcharinidae Rhizoprionodon oligolinx Rhol 1.82 80
Dasyatididae Dasyatis leylandi Dley 1.82 100
Carcharinidae Prionace glauca Pgla 1.91 80
Carcharinidae Carcharhinus dussumieri Cdus 1.91 100
Carcharinidae Carcharhinus fitzroyensis Cfit 1.91 100
Carcharinidae Carcharhinus macloti Cmac 1.91 100
Carcharinidae Loxodon macrorhinus Lmac 1.91 100
Pseudocarchariidae Pseudocarcharias kamoharai Pkam 1.91 80
Carcharinidae Carcharhinus amblyrhynchoides = Cambe 2 100
Carcharinidae Carcharhinus melanopterus Cmel 2 100
Dasyatididae Dasyatis annotata Dann 2 80
Rhynchobatidae Rhynchobatus australiae Raus 2 80
Sphyrnidae Eusphyra blochii Eubl 2 100
Dasyatididae Dasyatis kuhlii Dkuh 2.09 100
Chimaeridae Hydrolagus lemures Hlem 2.09 60
Ginglymostomatidae Nebrius ferrugineus Nfer 2.09 80
Gymnuridae Gymnura australis Gaus 2.09 80
Hemiscylliidae Chiloscyllium punctatum Chpu 2.09 40
Rajidae Pavoraja alleni Pall 2.09 60
Rajidae Raja sp. F RaspF 2.09 60
Squatinidae Squatina sp. B SgspB 2.09 60
Carcharinidae Galeocerdo cuvier Gcuv 2.27 100
Carcharinidae Carcharhinus cautus Ccau 2.27 100
Hemigaleidae Hemipristis elongata Helo 2.27 100
Narcinidae Narcine sp. A NspA 2.27 40
Carcharinidae Carcharhinus falciformis Cfal 2.36 100
Carcharinidae Carcharhinus tilstoni Ctil 2.36 100
Hexanchidae Hexanchus griseus Hexg 2.45 80
Rajidae Raja sp. | Raspl 2.45 60
Sphyrnidae Sphyrna mokarran Smok 2.45 100
Stegostomatidae Stegostoma fasciatum Sfas 2.45 80
Carcharinidae Carcharhinus albimarginatus Calb 2.55 100
Carcharinidae Glyphis sp. A GspA 2.55 100
Carcharinidae Triaenodon obesus Tobe 2.55 80
Myliobatididae Aetomylaeus nichofii Anic 2.55 60
Pristidae Pristis microdon Pmic 2.55 80
Pristidae Pristis zijsron Pzij 2.55 80
Alopiidae Alopias pelagicus Apel 2.64 80
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Family Scientific name Abbreviated Final Percent of
name Recovery recovery
rank criteria where
data available
Carcharinidae Carcharhinus altimus Calt 2.64 80
Carcharinidae Carcharhinus amboinensis Camb 2.64 80
Carcharinidae Negaprion acutidens Nacu 2.64 80
Carcharinidae Carcharhinus brevipinna Cbre 2.64 100
Carcharinidae Carcharhinus limbatus Clim 2.64 100
Carcharinidae Carcharhinus plumbeus Cplu 2.64 100
Carcharinidae Glyphis sp. C GspC 2.64 60
Carcharinidae Carcharhinus amblyrhynchos Cambo 2.64 100
Odontaspididae Carcharias taurus Ctau 2.64 100
Orectolobidae Eucrossorhinus dasypogon Edas 2.64 40
Carcharinidae Carcharhinus leucas Cleu 2.73 100
Carcharinidae Carcharhinus obscurus Cobs 2.73 100
Dasyatididae Himantura uarnak Huar 2.73 60
Lamnidae Isurus oxyrinchus loxy 2.73 100
Dasyatididae Himantura toshi Htos 2.82 80
Orectolobidae Orectolobus wardi Owar 2.82 20
Rhinobatidae Rhinobatos typus Rtyp 2.82 40
Rhynchobatidae Rhina ancylostoma Ranc 2.82 40
Squalidae Centrophorus granulosus Cegr 2.82 60
Dasyatididae Urogymnus asperrimus Uasp 291 20
Dasyatididae Himantura jenkinsii Hjen 291 40
Dasyatididae Pastinachus sephen Psep 291 40
Dasyatididae Himantura undulata Hund 291 60
Mobulidae Mobula eregoodootenkee Mere 291 20
Myliobatididae Aetobatus narinari Anar 291 40
Rhinopteridae Rhinoptera neglecta Rneg 291 20
Dasyatididae Taeniura meyeni Tmey 3 60
Mobulidae Manta birostris Mbir 3 80
Plesiobatidae Plesiobatis daviesi Pdav 3 40
Pristidae Pristis clavata Pcla 3 60
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6.5.2 Susceptibility

The susceptibility of all species to capture inrefishery was assessed using both the multiplieativ
and weighted average method. Examples of sustdiitgaplots from selected fisheries calculated
using both the multiplicative and weighted averagethod are shown in Figure 6.5-2 through to
Figure 6.5-24. The multiplicative method producesigmificantly lower susceptibility ranking for all
species unless the species was given a rank of 8llfgix criteria. When using the multiplicative
method, even if a species has a rank of 3 fortBr@iand a rank of 1 for the other, it will onlgJe a
susceptibility rank of 1.67 which is classified sv or medium risk depending on the species
recovery ranking. If more than one criterion haghue of 1, the final susceptibility will not haee
rank abovel.22 which results in a species beirgsifiad as sustainable.

The multiplicative method works on the principlattlif one of the criteria has a low rank (low risk)
then the species is not at risk from that fish&e argue that placing so much emphasis on one low
rank is not the best approach when using multipieer@a to assess risk. Instead, weighting each
criterion based on its importance to overall susbéjy and averaging all values provides a better
reflection of risk and is a more conservative applowhich follows the precautionary principle.

The weighted average method was therefore chosagetéomine susceptibility of each species in each
fishery. Susceptibility values of each speciesanhefishery are shown in Table 6.5-4. These fishery
specific susceptibility values were used to caleuthe cumulative susceptibility also shown in Eabl
6.5-4. The combination of recovery and susceptybilialues in each fishery and the overall
sustainability of each species are discussed below.
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Table 6.5-4: The total susceptibility rank for eachspecies in each fishery as well as the total cunative susceptibility across all fisheries. To caldate total susceptibility, a
weighting factor was applied. The weighting was detmined from the total catch of elasmobranchs in ezh fishery (from state and territory logbook data). The total
susceptibility is a weighted mean of the susceptltty ranks from each fishery. The susceptibility ofsix species only recorded in the NWSTF is shown #e end of the
table. These species are marked with an asterisk.

FINAL SUSCEPTIBILITY N3 N9 ECN NPF WAKP WAEGPT WABP WANBPF WAOPF NTBarr NTBN NTCN NTRBN NTONL
Catch weighting 3 3 3 3 2 2 1 1 1 2 1 2 2 3
Aetobatus narinari 1.57 1.00 1.36 1.71 143 1.29 121 121 1.21 171 129 129 1.29 1.71
Aetomylaeus nichofii 1.43 1.29 1.50 2.00 157 1.29 1.36 1.36 1.36 1.50 129 129 129 1.79
Alopias pelagicus 1.43 143 143 1.64 143 1.29 1.43 1.43 1.43 1.43 143 143 143 1.21
Anoxypristis cuspidata 2.64 264 264 3.00 264 2.21 2.64 2.64 2.64 2.71 271 271 271 2.43
Carcharhinus albimarginatus 1.79 1.79 1.64 157 143 1.29 1.43 1.43 1.43 1.79 157 157 157 1.21
Carcharhinus altimus 1.64 164 164 171 157 1.29 1.36 1.36 1.36 1.64 143 143 143 1.21
Carcharhinus amblyrhynchoides 2.64 214 286 186 164 1.36 1.43 1.43 1.43 2.64 193 193 193 2.43
Carcharhinus amblyrhynchos 1.86 2.07 257 157 143 1.29 1.21 1.21 1.21 2.00 157 157 157 2.00
Carcharhinus amboinensis 2.71 1.71 264 179 1.57 1.29 1.36 1.36 1.36 2.43 193 193 1.93 2.00
Carcharhinus brevipinna 2.29 214 243 186 1.57 1.29 1.36 1.36 1.36 2.21 157 157 157 2.21
Carcharhinus cautus 2.64 193271 186 1.64 1.36 1.64 1.64 1.64 2.43 193 193 193 2.43
Carcharhinus dussumieri 2.43 2.36 257 243 221 1.93 1.79 1.79 1.79 221 1.79 179 179 2.14
Carcharhinus falciformis 1.64 193164 157 143 1.29 1.21 1.21 1.21 1.64 143 143 143 1.21
Carcharhinus fitzroyensis 2.71 264 271 186 164 1.36 1.64 1.64 1.64 2.43 193 193 193 2.43
Carcharhinus leucas 2.71 164 271 179 157 1.29 1.36 1.36 1.36 2.57 193 193 193 1.64
Carcharhinus limbatus 2.57 250271 186 171 1.43 1.50 1.50 1.50 2.29 1.79 179 179 2.43
Carcharhinus macloti 2.43 257 257 221 2.00 171 157 157 1.57 2.00 157 157 157 2.07
Carcharhinus melanopterus 2.50 1.86 2.64 1.71 143 1.29 143 1.43 1.43 2.00 157 157 157 2.43
Carcharhinus obscurus 1.43 1.79 2.07 171 157 1.29 1.36 1.36 1.36 1.43 143 143 143 1.64
Carcharhinus plumbeus 1.43 1.79 2.07 171 157 1.29 1.36 1.36 1.36 1.43 143 143 143 1.64
Carcharhinus sorrah 2.50 257 264 186 1.57 1.29 1.36 1.36 1.36 2.43 1.79 179 179 2.43
Carcharhinus tilstoni 2.57 257 257 179 157 1.29 1.36 1.36 1.36 2.43 1.79 179 179 221
Carcharias taurus 1.57 150 1.21 157 143 1.29 1.43 1.43 1.43 1.57 114 114 114 1.29
Centrophorus granulosus 1.64 157 143 164 1.64 1.50 1.86 1.57 1.43 1.43 143 143 143 1.43
Chiloscyllium punctatum 1.21 1.00 1.36 2.00 1.71 1.29 1.93 1.93 1.93 1.14 114 114 114 1.71
Dasyatis annotata 1.36 1.36 1.36 2.57 2.43 2.00 2.43 2.43 2.43 1.43 143 143 143 1.79
Dasyatis kuhlii 1.14 1.00 1.21 236 2.07 1.93 2.07 2.07 2.07 1.14 114 114 114 1.50
Dasyatis leylandi 1.36 129 1.36 243 214 1.71 214 2.14 2.14 1.29 129 129 129 1.71
Eucrossorhinus dasypogon 1.50 1.29 1.50 150 1.29 1.14 1.50 1.50 1.50 1.64 1.14 114 114 1.71
Eusphyra blochii 2.64 2.64 286 186 1.64 1.36 1.43 1.43 1.43 2.64 193 193 193 2.50
Galeocerdo cuvier 1.86 1.79 1.71 143 1.36 1.07 1.36 1.36 1.36 1.43 143 143 143 1.79
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FINAL SUSCEPTIBILITY NTFT QDF NTM NWSTF WA- WA- WANCSF PFTF NTTRF NTCL NTDF WANDS WAPTF N6 N7  TOTAL
T EMBGF KGBF F

Catch weighting 3 3 1 2 2 2 3 2 1 2 1 1 1 1 1

Aetobatus narinari 171 179 1.14 121 1.50 150 143 129 107 114 107 114 1.07 129 136 144
Aetomylaeus nichofii 2.00 1.93 1.43 1.21 1.36 150 143 143 1.07 143 150 157 1.36 114 121 154
Alopias pelagicus 129 129 114 1.43 1.43 143 229 157 1.07 1.07 107 114 1.14 143 143 151
Anoxypristis cuspidata 243 236 143 2.43 2.57 271 207 250 1.07 143 136 1.43 1.21 1.71 179 248
Carcharhinus albimarginatus 121 121 1.29 1.50 1.79 157 229 1.43 1.00 1.00 150 1.50 1.50 157 157 1.59
Carcharhinus altimus 114 114 1.29 1.43 1.64 121 1.86 164 1.00 1.00 129 129 1.36 143 143 151
Carcharhinus amblyrhynchoides  1.29 1.36 1.21 1.36 2.57 214 243 150 1.07 1.14 129 1.50 1.29 1.71 179 1.97
Carcharhinus amblyrhynchos 121 121 1.29 1.21 2.00 1.79 250 1.29 1.00 1.00 150 1.57 1.57 157 157 1.70
Carcharhinus amboinensis 129 129 1.29 1.21 2.57 214 271 171 114 114 114 114 1.14 171 171 192
Carcharhinus brevipinna 143 150 1.29 1.21 243 157 271 164 1.07 114 157 164 1.57 157 164 188
Carcharhinus cautus 129 136 1.21 1.43 2,57 214 2.07 150 1.07 114 107 114 1.07 171 179 1.92
Carcharhinus dussumieri 186 1.86 1.29 1.43 2.00 157 207 257 150 129 136 143 1.43 157 157 203
Carcharhinus falciformis 1.00 1.00 1.29 1.29 1.64 143 1.86 150 1.00 1.00 129 129 1.36 143 143 148
Carcharhinus fitzroyensis 1.36 150 1.36 1.43 2.14 1.71 271 157 1.00 114 121 1.36 1.21 1.71 186 2.00
Carcharhinus leucas 1.07 107 1.14 121 1.93 193 229 1.36 1.07 1.07 107 114 1.14 171 171 1.77
Carcharhinus limbatus 136 1.50 1.36 1.21 221 136 229 136 1.00 1.14 150 1.64 1.50 157 171 192
Carcharhinus macloti 164 164 1.29 1.43 2.43 157 229 214 1.07 1.07 136 143 1.43 157 157 194
Carcharhinus melanopterus 129 136 1.29 1.43 2.00 200 250 150 1.07 114 136 143 1.36 157 164 1.83
Carcharhinus obscurus 114 114 1.29 1.43 1.43 1.00 2.50 143 1.00 1.00 129 1.36 1.36 143 143 153
Carcharhinus plumbeus 136 1.36 1.29 1.36 1.43 1.00 2.50 1.86 1.00 1.00 150 157 1.57 143 143 158
Carcharhinus sorrah 143 1.50 1.29 1.21 2.43 2.00 250 207 1.29 114 136 143 1.36 157 164 197
Carcharhinus tilstoni 143 143 1.29 121 243 2.00 250 193 129 107 136 143 143 157 157 193
Carcharias taurus 150 1.50 1.29 1.43 1.57 157 229 136 1.07 1.07 136 143 1.43 114 114 1.49
Centrophorus granulosus 121 1.21 1.00 2.93 1.71 143 1.86 1.79 1.00 1.00 100 1.00 1.14 143 143 1.56
Chiloscyllium punctatum 164 171 1.29 143 1.14 114 143 186 1.50 136 157 164 157 114 121 150
Dasyatis annotata 193 1.86 143 1.79 1.29 143 157 221 1.07 143 136 143 1.21 129 136 174
Dasyatis kuhlii 2.00 2.00 1.29 1.64 1.14 1.14 143 2,00 1.14 114 143 143 1.43 114 114 157
Dasyatis leylandi 229 229 1.29 1.43 1.29 129 143 229 114 114 129 129 1.29 129 136 1.67
Eucrossorhinus dasypogon 143 157 1.36 1.43 1.57 157 1.86 1.43 1.00 114 129 143 1.29 114 129 1.49
Eusphyra blochii 164 1.71 150 1.36 2.57 257 271 229 1.29 136 129 150 1.29 171 179 213
Galeocerdo cuvier 143 143 1.29 1.21 121 1.00 271 193 1.07 1.07 157 164 1.64 143 143 1.62
FINAL SUSCEPTIBILITY N3 N9 ECN NPF WAKP WAEGPT WABP WANBPF WAOPF NTBarr NTBN NTCN NTRBN NTONL
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Catch weighting 3 3 3 3 2 2 1 1 1 2 1 2 2 3

Glyphis sp. A 286 164 3.00 1.79 150 1.36 1.43 143 143 2.86 214 214 214 2.00
Glyphis sp. C 179 150 186 179 1.50 1.36 1.43 1.43 1.43 2.14 186 186 1.86 2.07
Gymnura australis 136 136 143 243 221 1.79 243 243 243 1.36 129 129 129 171
Hemigaleus australiensis 257 257 257 214 193 1.50 1.71 1.71 1.71 2.57 193 193 1.93 2.14
Hemipristis elongata 236 236 257 179 157 1.29 1.36 1.36 1.36 2.14 171 171 171 2.21
Hexanchus griseus 143 157 143 171 171 1.29 2.00 2.00 1.71 1.43 143 143 143 1.00
Himantura jenkinsii 114 129 150 193 150 1.07 1.93 1.93 1.93 1.14 114 114 114 1.79
Himantura toshi 129 129 129 193 171 1.29 214 2.14 2.14 1.29 129 129 129 1.50
Himantura uarnak 136 136 143 179 157 1.14 2.00 2.00 2.00 1.36 129 129 1.29 1.71
Himantura undulata 136 129 150 1.79 1.50 1.07 1.93 1.93 1.93 1.29 129 129 129 171
Isurus oxyrinchus 164 164 164 143 143 1.29 1.43 1.43 1.43 1.64 143 143 143 1.21
Loxodon macrorhinus 200 214 221 200 179 1.50 1.79 1.79 1.79 2.00 179 179 179 2.29
Manta birostris 129 143 143 186 1.71 1.43 1.29 1.29 1.29 1.21 114 114 114 171
Mobula eregoodootenkee 129 143 157 186 1.71 1.43 1.29 1.29 1.29 1.21 114 114 114 1.71
Mustelus sp. B 186 200 186 179 164 1.50 171 171 171 1.86 143 143 143 1.43
Narcine sp. A 114 143 129 236 1.93 1.50 1.93 1.93 1.93 1.29 129 129 129 1.86
Nebrius ferrugineus 143 100 150 157 1.29 1.14 1.50 1.50 1.50 1.36 114 114 114 1.64
Negaprion acutidens 207 200 229 186 1.64 1.36 1.64 1.64 1.64 2.29 1.79 179 1.79 2.00
Orectolobus wardi 171 150 150 150 1.29 1.14 1.50 1.50 1.50 1.64 114 114 114 1.93
Pastinachus sephen 136 136 143 179 157 1.14 2.00 2.00 2.00 1.29 129 129 129 1.50
Prionace glauca 164 164 164 143 143 1.29 121 1.21 1.21 1.64 143 143 143 121
Pristis clavata 207 179 221 286 271 2.29 271 271 271 2.64 257 257 257 2.36
Pristis microdon 250 171 264 286 264 221 2.64 2.64 2.64 2.64 257 257 257 2.36
Pristis zijsron 250 171 264 286 264 221 2.64 2.64 2.64 2.64 257 257 257 2.36
Pseudocarcharias kamoharai 186 186 200 157 1.43 1.29 1.43 1.43 1.43 1.86 143 143 143 1.43
Rhina ancylostoma 179 179 186 179 157 1.14 2.00 2.00 2.00 1.79 171 171 171 1.86
Rhinobatos typus 236 193 243 193 171 1.29 2.14 2.14 2.14 2.14 171 171 171 2.14
Rhinoptera neglecta 143 136 171 150 143 1.14 1.43 1.43 1.43 1.36 114 114 114 171
Rhizoprionodon acutus 243 257 257 236 221 1.93 2.00 2.00 2.00 2.43 221 221 221 2.21
Rhizoprionodon oligolinx 250 236 257 264 229 2.00 2.07 2.07 2.07 2.36 207 207 207 2.43
Rhizoprionodon taylori 243 257 221 243 221 1.93 2.00 2.00 2.00 243 221 221 221 243
Rhynchobatus australiae 243 214 243 193 171 1.29 2.14 2.14 2.14 2.14 193 193 193 2.14
Sphyrna lewini 229 243 257 171 157 1.29 1.36 1.36 1.36 2.07 164 164 164 2.00
Sphyrna mokarran 250 236 243 186 1.57 1.29 1.36 1.36 1.36 2.00 157 157 157 243
Sphyrna zygaena 200 207 229 179 164 1.36 1.43 1.43 1.43 2.00 150 150 1.50 1.71
Stegostoma fasciatum 143 107 143 157 136 0.93 1.79 1.79 1.79 1.21 114 114 114 1.71
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FINAL SUSCEPTIBILITY N3 N9 ECN NPF WAKP WAEGPT WABP WANBPF WAOPF NTBarr NTBN NTCN NTRBN NTONL
Catch weighting 3 3 3 3 2 2 1 1 1 2 1 2 2 3
Taeniura meyeni 121 107 143 150 1.29 1.14 1.71 1.71 1.71 1.14 114 114 114 1.50
Triaenodon obesus 136 121 136 136 1.21 1.07 1.43 1.43 1.43 1.36 114 114 114 171
Urogymnus asperrimus 121 136 143 179 157 1.14 2.00 2.00 2.00 1.14 114 114 114 2.00

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



120 CHAPTER 6 — OBJECTIVE 5 RE-EVALUATE RISK ASSESSMENT

FINAL SUSCEPTIBILITY NTFT QDFT NTM NWSTF WAEMBGF WAKGBF WANCSF PFTF NTTRF NTCL NTDF WANDSF WAPTF N6 N7 TOTAL

Catch weighting 3 3 1 2 2 2 3 2 1 2 1 1 1 1 1

Glyphis sp. A 1.14 1.07 157 121 2.00 1.79 2.29 143 1.00 143 114 114 1.00 193 2.00 1.68
Glyphis sp. C 136 136 1.36 1.50 1.93 1.86 2.57 143 1.00 143 136 164 1.21 171 186 2.05
Gymnura australis 2.00 2.07 1.36 164 1.29 1.29 1.43 200 1.07 1.14 143 150 1.43 129 136 1.95
Hemigaleus australiensis 2.07 2.07 129 143 2.14 1.93 2.07 236 1.07 1.07 121 129 1.29 171 171 158
Hemipristis elongata 193 186 1.29 1.50 2.14 1.93 2.29 236 157 129 129 1.29 1.29 171 171 157
Hexanchus griseus 143 143 1.00 1.71 1.50 1.29 2.29 150 1.00 1.00 150 1.79 1.79 143 143 1.58
Himantura jenkinsii 229 229 143 1.79 1.29 1.29 1.79 164 114 1.14 129 143 1.29 1.14 114 1.58
Himantura toshi 229 221 129 164 1.29 1.29 1.64 164 114 1.07 129 1.29 1.29 129 129 1.60
Himantura uarnak 221 229 136 164 1.29 1.29 1.64 157 1.07 1.14 121 1.29 1.21 129 136 1.53
Himantura undulata 221 229 129 221 1.29 1.29 1.79 157 1.07 114 121 143 121 129 136 191
Isurus oxyrinchus 143 143 129 1.43 1.64 1.64 1.86 143 1.00 1.00 129 1.29 1.29 143 143 1.49
Loxodon macrorhinus 129 129 129 1.64 1.79 2.00 2.50 214 114 114 186 1.86 1.86 179 179 1.50
Manta birostris 157 171 1.36 1.00 1.79 1.57 1.43 136 1.21 1.36 129 143 1.29 1.14 129 1.68
Mobula eregoodootenkee 1.14 129 136 1.57 1.79 1.57 1.57 1.36 1.00 1.14 171 2.00 1.71 114 129 1.66
Mustelus sp. B 114 114 1.00 2.14 1.86 1.43 2.07 2.00 1.00 1.00 171 171 1.71 143 143 157
Narcine sp. A 214 2.00 129 164 1.00 1.00 1.43 207 1.36 193 157 1.29 1.29 114 114 194
Nebrius ferrugineus 207 214 129 1.36 1.36 1.36 2.29 1.64 1.29 1.14 136 1.57 1.36 114 121 153
Negaprion acutidens 1.86 193 1.36 1.43 2.43 1.79 2.71 143 1.07 114 136 143 1.36 157 164 154
Orectolobus wardi 143 171 1.36 1.43 1.57 1.57 1.64 1.86 1.21 1.14 129 143 1.29 114 129 152
Pastinachus sephen 193 136 1.14 2.07 1.29 1.29 1.64 129 1.29 136 129 1.36 1.29 129 136 222
Prionace glauca 143 2.00 114 1.21 1.64 1.43 2.07 1.29 1.00 1.00 1.00 1.07 1.07 143 143 2.26
Pristis clavata 200 143 1.50 1.86 2.36 271 2.07 2.00 1.00 114 121 150 121 214 229 231
Pristis microdon 1.79 214 136 2.00 1.93 2.57 221 2.00 1.00 1.14 100 1.29 1.00 214 229 164
Pristis zijsron 221 193 1.36 2.14 2.36 2.57 2.07 243 1.00 1.14 100 1.29 1.00 214 229 185
Pseudocarcharias kamoharai 1.64 1.36 1.14 1.57 1.86 1.64 1.64 143 1.00 1.00 100 114 1.00 143 143 198
Rhina ancylostoma 200 164 1.36 1.64 1.93 1.93 2.07 221 1.07 1.14 164 171 1.64 171 179 148
Rhinobatos typus 2.07 2.07 129 164 2.36 1.93 2.07 1.86 1.14 1.14 129 1.29 1.29 171 171 215
Rhinoptera neglecta 1.64 207 129 1.21 1.57 1.57 1.43 143 1.07 114 136 143 1.36 114 121 217
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FINAL SUSCEPTIBILITY NTFT QDFT NTM NWSTF WAEMBGF WAKGBF WANCSF PFTF NTTRF NTCL NTDF WANDSF WAPTF N6 N7 TOTAL

Catch weighting 3 3 1 2 2 2 3 2 1 2 1 1 1 1 1

Rhizoprionodon acutus 186 171 129 1.64 2.00 2.00 2.50 257 1.07 1.07 136 143 1.43 1.79 179 218
Rhizoprionodon oligolinx 193 186 1.64 1.64 2.00 1.57 2.07 207 1.29 193 164 143 1.36 1.93 2.00 2.07
Rhizoprionodon taylori 193 186 1.29 164 2.00 2.00 2.50 257 136 136 143 143 1.43 179 179 1.86
Rhynchobatus australiae 229 186 1.29 164 1.93 2.36 2.50 229 1.36 136 129 1.29 1.29 171 171 192
Sphyrna lewini 157 229 129 121 1.86 1.64 2.50 2.07 1.00 1.00 129 136 1.36 143 143 1.82
Sphyrna mokarran 164 157 129 1.21 2.00 1.79 2.71 2.07 1.07 114 157 164 157 157 164 147
Sphyrna zygaena 1.36 1.71 143 121 1.93 1.71 271 2,00 1.00 114 150 164 1.50 150 157 143
Stegostoma fasciatum 186 143 1.36 1.43 1.14 1.14 1.86 164 1.07 114 157 164 157 114 121 1.44
Taeniura meyeni 171 193 129 1.71 1.14 1.14 1.64 129 129 136 121 129 121 114 121 1.49
Triaenodon obesus 143 179 129 1.43 2.00 1.57 2.29 150 1.00 1.00 129 136 1.36 114 114 144
Urogymnus asperrimus 221 143 129 1.79 1.14 1.14 1.64 157 1.07 114 121 1.29 1.21 114 114 149
Dipturus sp. F* 2.79 2.79
Dipturus sp. I* 2.71 2.71
Hydrolagus lemurs* 2.71 271
Pavoraja alleni* 2.79 2.79
Plesiobatis daviesi* 2.43 2.43
Squatina sp. B* 2.57 2.57
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The combination of recovery and susceptibility ssoare represented in sustainability plots. Figure
6.5-1 provides an explanation of how to interpesiovery-susceptibility plots which are shown for 14
fisheries (Figure 6.5-2 through to Figure 6.5-24)summary of the sustainability of species in each
fishery is provided below.

Queendand Gulf of Carpentaria inshorefinfish fishery (N3)

Twenty species were least likely to be sustainabtbe N3 fishery (Figure 6.5-3). Of these, 8 spsci
had susceptibility and recovery ranks above 2.2Bvegre the least sustainable species in this fisher
These species wefgarcharhinus amboinensi€. leucasC. limbatus, Glyphisp. A,P. microdon P
zZijsron and Sphyrna mokarranTwelve species had a susceptibility rank abo@3 2and a recovery
rank between 1.66 and 2.33 and are also leasy likebe sustainable. Catches of species with a
susceptibility rank between 1.66 and 2.33 werdylike be sustainable in this fishery.

Queensland Gulf of Carpentariainshore finfish fishery (offshore component) (N9)

Eight species were least likely to be sustainablehe N9 fishery (Figure 6.5-5). Of these, three
species had susceptibility and recovery ranks aBd3®@ and were the least sustainable speciessn thi
fishery. These species weg limbatus, C. tilstoni, Hemipristis elongatand S .mokarran Seven
species had a susceptibility rank above 2.33 aed@/ery rank between 1.66 and 2.33 and were also
least likely to be sustainable based on this assE®s Of these specieAnoxypristis cuspidateC.
fitzroyensisandEusphyra blochiare the least sustainable.

East Coast Net fishery (ECN)

Approximately 25 species were least likely to bstaimable in the ECN fishery (Figure 6.5-7). Of
these, 14 species had susceptibility and recovanisr above 2.33 and were the least sustainable
species in this fishery. These species inclddamboinensis, C. brevipinna, C. leucas, C. limbaC.
tilstoni, Glyphissp. A Negaprion acutidens, Pristis zijsroR. microdon, S. mokarraiiEleven species
had a susceptibility rank above 2.33 and a recoxami between 1.66 and 2.33 and were also least
likely to be sustainable. These species incl@hrcharhinus amblyrhynchoides, C. cautus, C.
melanopterus, C. fitzroyensis, Eusphyra bloahilRhynchobatus australiae

Northern Prawn Fishery (NPF)

Eleven species were least likely to be sustainebtbe NPF (Figure 6.5-9). Of these, three species
had susceptibility and recovery ranks above 2.3Bvegre the least sustainable species in this fysher
These species wele. clavata, P. microdomand P. zijsron.Eight species had a susceptibility rank
above 2.33 and a recovery rank between 1.66 ar8lgh8 were also least likely to be sustainable
based on this assessment. These species indludrispidata,Dasyatis annotata, D. kuhlii, D.
leylandi, Gymnura australi@nd Narcine sp. A. Of these specied,. cuspidatahad the highest
susceptibility rank of all species and despite i recovery ranking it is considered as least
sustainable.

Western Australia Kimberley Prawn Trawl Fishery (WAKP)

Five species were least likely to be sustainabteenWAKP. Of these, three species had suscepyibili
and recovery ranks above 2.33 and were the leathisable species in this fishery. These species
were P. clavata, P. microdorand P. zijsron. Anoxypristis cuspidatand D. annotatawere also
classified as least sustainable

Western Australia Exmouth Gulf Prawn Trawl Fishery (WAEGPT)
No species had susceptibility and recovery ranks@l?.33 Pristis clavata, P. microdon, P. zijsron
andA. cuspidatavere the species least likely to be sustainabthigfishery.

Western Australia Broome Prawn Fishery (WABP), WA Nickol Bay Prawn (WANBPF), WA
Ondow Prawn Fishery (WAOPF)

Species in these three fisheries had the samepilmiity ranks. Six species were least likely te b
sustainable in the WABP, WANBPF and WAOPF. Of thabeee species had susceptibility and
recovery ranks above 2.33 and were the least sasiai species in these fisheries. These species wer
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P. clavata, P. microdorand P. zijsron. Three species had a susceptibility rank above ar8B a
recovery rank between 1.66 and 2.33 and were alagst llikely to be sustainable based on this
assessment. These species wereuspidateD. annotataandG. australis

Northern Territory Barramundi Fishery (NTBarr)

Fifteen species were least likely to be sustainablhe NTBarr fishery (Figure 6.5-11). Of these,
seven species had susceptibility and recovery rabhkse 2.33 and were the least sustainable species
in this fishery. These species w&eamboinensis, C. cautus, C. leucas, GlygpisA, P. clavata, P.
microdonandP. zijsron.Six species had a susceptibility rank above 2.3Baarecovery rank between
1.66 and 2.33 and were also least likely to beasmhble based on this assessment. These species
includeA. cuspidataC. amblyrhynchoides, C. fitzroyensis, E. bloamdC. tilstoni

Northern Territory Bait Net Fishery (NTBN), Northern Territory Coastal Net Fishery (NTCN),
Northern Territory Restricted Bait Net Entitlement (NTRBN)

Species in these three fisheries had the samepgimiity ranks. Four species were least likelybi®
sustainable in these fisheries. These speciesAvarespidataP. clavata, P. microdoandP. zijsron.
The small mesh size in this fishery prevents ofipercies being captured; however sawfish are likely
to be captured due to their heavily toothed rostrum

Northern Territory Offshore Net and Line Fishery (NTONL)

Twenty one species were least likely to be sudtédenia the NTONL (Figure 6.5-13). Of these, twelve
species had susceptibility and recovery ranks aBd?® and were the least sustainable speciesdn thi
fishery. These species includ€d amboinensis, C brevipinna, C. limbatus, C.ditgtGlyphissp. G
Negaprion acutidens, S. mokarran, P. microdonlP. zijsron.Nine species had a susceptibility rank
above 2.33 and a recovery rank between 1.66 ar8l&h8 were also least likely to be sustainable
based on this assessment. These species indludaspidata C. amblyrhynchoides, C. cautus, E.
blochii andRhynchobatus australiae

Northern Territory Finfish Trawl Fishery (NTFT), Queensand Demersal Fish Trawl Fishery
(QDFT)

Susceptibility to capture in the NTFT and QDFT weirailar. OnlyA. cuspidatavas least likely to be
sustainable in the NTFT and the QDFT (Figure 6.h-14

North West Shelf Trawl Fishery (NWSTF)

Eight species were least likely to be sustainabkhé NWSTF (Figure 6.5-15). Of these, three specie
had susceptibility and recovery ranks above 2.3Bvegre the least sustainable species in this fysher
These species wellesiobatus daviesi, Centrophorus granulosunsl Dipturus sp. |. Five species
had a susceptibility rank above 2.33 and a recovenyi between 1.66 and 2.33 and were also least
likely to be sustainable based on this assessriibese species were. cuspidataDipturus sp. K
Hydrolagus lemurs, Pavoraja allerand Squatinasp. B. Species that were only captured by the
NWSTF were not plotted on the cumulative assessicheatto the fact they are only captured in this
fishery. However, they were assessed as beinglikelstto be sustainable due to the overlap betwee
the NWSTF and the species distribution.

Western Australia Eighty Mile Beach Gillnet Fishery (WAEMBGF)

Nine species were least likely to be sustainablehe@WAEMBGF (Figure 6.5-17). Of these, five
species had susceptibility and recovery ranks aBd®®@ and were the least sustainable speciesdn thi
fishery. These species weale amboinensiC. tilstoni, N. acutidens, P. clavagadP. zijsron. Four
species had a susceptibility rank above 2.33 aed@ery rank between 1.66 and 2.33 and were also
least likely to be sustainable based on this assm®s These species weke cuspidata C.
amblyrhynchoidesC. cautusandE. blochii

Western Australia Kimberly Gillnet Barramundi Fishery (WAKGBF)
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Six species were least likely to be sustainabtbéWAKGBF (Figure 6.5-19). Of these, three species
had susceptibility and recovery ranks above 2.2Bvegre the least sustainable species in this fysher

These species wekRe clavata P. microdonandP. zijsron. Three species had a susceptibility rank
above 2.33 and a recovery rank between 1.66 ar8l&h8 were also least likely to be sustainable
based on this assessment. These speciesAweuspidataE. blochiiandR. australiae

Western Australia North Coast Shark Fishery (WANCSF)

Seventeen species were least likely to be sustaimatthe WANCSF (Figure 6.5-21). Of these, nine
species had susceptibility and recovery ranks aBd3® and were the least sustainable speciesdn thi
fishery. These species wefe amboinensis, C. amblyrhynchos, C. brevipinna,of@scurus, C.
plumbeus, C. tilstoni, Glyphisp. G N. acutidensand S. mokarran. Seven species had a
susceptibility rank above 2.33 and a recovery tagtveen 1.66 and 2.33 and were also least likely to
be sustainable based on this assessment. ThesessipetudedC. amblyrhynchoides, C. fitzroyensis
C. melanopterus, Galeocerdo cuvi& blochiiandR. australiae

Pilbara Fish Trawl Fishery (PFTF)

Seven species were least likely to be sustainablihé PFTF (Figure 6.5-22Fristis zijsronand
Hemipristis elongatdhad susceptibility and recovery ranks above 2r88waere the least sustainable
species in this fishery. Three species had a stibigp rank above 2.33 and a recovery rank betwee
1.66 and 2.33. Of these, onl). cuspidatawas likely to be the least sustainable. Although
Hemigaleus australiensisad a low recovery rank, the high susceptibilitghis species suggests that
its capture in the PFTF is not likely to be susihie.

Trap and Line Fisheries (NTTRF, NTCL, NTDF, WANDSF, WAPTF, N6, N7)

Trap and line fisheries that target teleosts captalasmobranchs very rarely and as result,
elasmobranchs species captured by these fishegiesasnsidered sustainable. The plots for recovery
and susceptibility in the NTTRF fishery are showrnillustrate the lack of high risk species. (Table
6.5-4).

6.5.3 Cumulative risk assessment for all northern A ustralian fisheries

The cumulative risk assessment is presented inré&igu5-25. There was less spread in the
susceptibility ranks of the cumulative assessmentpared to individual fisheries due to averaging
over all fisheries. Sawfishes were the least soabde group with all four species having the highes
susceptibility ranks due to the fact that they @apture by prawn and fish trawls, gill nets andglon
lines. The only fisheries in which sawfish wereelikto be sustainable were those fisheries that did
not capture these animals (NT Mackerel fisheryp tfisheries and drop line fisheries targeting
teleosts).

Other species that were least likely to be sustdenaereC. amblyrhynchoides, C. amboinensis, C
brevipinna, C. leucas, C. limbatu§lyphissp. A, Glyphissp. C,N. acutidensS. mokarrapandE.
blochii. These species were classified as being leasly litee be sustainable due to their high
susceptibility in target and bycatch gill net andd line fisheries. Fisheries that contributedhese
species high susceptibility ranks were the N3, KGN, NTBarr, NTONL, WAEMBGF, WAKGBF
and WANCSF.

The selectivity of the fishing gear combined witie thumber of species the gear interacts with was
reflected in the number of species least likelybto sustainable in each fishery. Inshore gill net
fisheries such as the N3, ECN, NTBarr had 20, 2b Enspecies, respectively, that were unlikely to
be sustainable. This was due to the fact that thesthods operate in inshore areas where species
diversity is higher and because they capture juesrof several species that utilise shallow inshore
areas as well as rivers and estuaries as nurseag.arhe WAEMBGF and the WAKGBF had 8 and 6
species, respectively, that were least likely tsbstainable. These numbers were lower than the N3,
ECN and NTBarr due to the small geographic coverdghese fisheries. The N9 fishery which only
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uses pelagic gill nets beyond 9 nautical miles & agecies that were unlikely to be sustainables Thi
was considerably lower than the NTONL and WANCSHE ghd 17 species least likely to be
sustainable, respectively) which operate inshork affshore and use a combination of gill nets and
long lines.

6.5.4 Cumulative risk assessment for all northern A ustralian fisheries

The cumulative risk assessment is presented inr&igu5-25. There was less spread in the
susceptibility ranks of the cumulative assessmentpared to individual fisheries due to averaging
over all fisheries. Sawfishes were the least soabde group with all four species having the highes
susceptibility ranks due to the fact that they @pture by prawn and fish trawls, gill nets andglon
lines. The only fisheries in which sawfish wereelikto be sustainable were those fisheries that did
not capture these animals (NT Mackerel fisheryp tfigsheries and drop line fisheries targeting
teleosts).

Other species that were least likely to be sustdénavereC. amblyrhynchoides, C. amboinensis, C
brevipinna, C. leucas, C. limbatu&lyphissp. A, Glyphissp. C,N. acutidensS. mokarranandE.
blochii. These species were classified as being leasly litee be sustainable due to their high
susceptibility in target and bycatch gill net andd line fisheries. Fisheries that contributedhese
species high susceptibility ranks were the N3, KGN, NTBarr, NTONL, WAEMBGF, WAKGBF
and WANCSF.

The selectivity of the fishing gear combined witie thumber of species the gear interacts with was
reflected in the number of species least likelybto sustainable in each fishery. Inshore gill net
fisheries such as the N3, ECN, NTBarr had 20, 2b Enspecies, respectively, that were unlikely to
be sustainable. This was due to the fact that thesthods operate in inshore areas where species
diversity is higher and because they capture juesrof several species that utilise shallow inshore
areas as well as rivers and estuaries as nursemg.arhe WAEMBGF and the WAKGBF had 8 and 6
species, respectively, that were least likely tsbstainable. These numbers were lower than the N3,
ECN and NTBarr due to the small geographic coverdghese fisheries. The N9 fishery which only
uses pelagic gill nets beyond 9 nautical miles 8i@ecies that were unlikely to be sustainables Thi
was considerably lower than the NTONL and WANCSE ghd 17 species least likely to be
sustainable, respectively) which operate inshork Gffehore and use a combination of gill nets and
long lines.
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Decreasincability to recover from fishing

Increasing susceptibjlity

1 1 | 1

1 2 3

Susceptibility
Figure 6.5-1: Representative sustainability plot sheing the recovery and susceptibility axes. Each axiis
divided into thirds to create nine regions which boadly categorise the level of risk based on the
susceptibility and recovery ranks. Species which & a susceptibility rank between 1 and 1.66 are
deemed to be at low risk regardless of their recovg ranking as these species do not interact with th
fishery. Species that have a susceptibility rank teeen 1.66 and 2.33 are predominantly at low to masm
risk depending on their recovery rank. Although these species are captured by the fishery, the fishery
does either not overlap with the species primary Hatat or distribution, or the gear is not effective at
catching them. Under high fishing pressure, spedein this category with a high recovery rank shoulche
monitored closely. Species that have a susceptibjlirank between 2.33 and 3 and a recovery rank
between 1 and 1.66 are at medium risk. Species fatito the medium risk category due to their abilityto
recover from fishing. Under high fishing pressurethese species are still highly susceptible to ovéshing
and should be monitored closely. All species with ausceptibility rank above 2.33 and recovery rank
above 1.66 are classed as high risk.
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Figure 6.5-2: Sustainability plot for the N3 fisherycalculated using the multiplicative method. Refetto
Figure 6.5-1 for risk categories.
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Figure 6.5-3: Sustainability plot for the N3 fisherycalculated using the weighted average method. Ref®
Figure 6.5-1 for risk categories.
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Figure 6.5-4: Sustainability plot for the N9 fisherycalculated using the multiplicative method. Refetto
figure 1 for risk categories.
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Figure 6.5-5: Sustainability plot for the N9 fisherycalculated using the weighted average method. Ref®
figure 1 for risk categories.
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Figure 6.5-6: Sustainability plot for the ECN fishely using the multiplicative method.

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



132 CHAPTER 6 — OBJECTIVE 5 RE-EVALUATE RISK ASSESSMENT

3
Pcla
Anar Mere Rneg
Htos 1 3 Ranc Rtyp
Huar Owar Cegr Cobs Cleu
- cla Apel  Anic Cbre Clim Camb
Edas loxy GspC Nacu cambo )
Tobe Calt Cplu PZi
Cfal Calb Smok C,lpmlc GspA
1l
Helo
2 Ccau
NspA Gcuv
Gaus
>
< Chpu
% 2 — Dkuh Nfer Céanll Cambe
S Pgla Raus .
o Dann Pk Cmac Cfit
DIey am Lmac Cdus
Rhol Acus
Rhac
Csor
MspB Haus
1
| |
1 2 3

Susceptibility

ECN - Weighted
1 =Tmey, Uasp, Psep, Mbir

2 = Sfas, Hexg
3 = Hjen, Hund

Figure 6.5-7: Sustainability plot for the ECN fishel using the weighted average method.
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Figure 6.5-8: Sustainability plot for the NPF fishery calculated using the multiplicative method.
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Figure 6.5-9: Sustainability plot for the NPF fishery calculated using the weighted average method.
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Figure 6.5-10: Sustainability plot for the NTBarr fishery calculated using the multiplicative method.
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Figure 6.5-11: Sustainability plot for the NTBarr fishery calculated using the weighted average method.
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Figure 6.5-12: Sustainability plot for the NTONL fishery calculated using the multiplicative method.
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Figure 6.5-13: Sustainability plot for the NTONL fishery calculated using the weighted average method.

Northern Australian sharks and rays: the sustainability of target and bycatch species, phase 2



CHAPTER 6 — OBJECTIVE 5 RE-EVALUATE RISK ASSESSMENT 139

3
Mbir Anar PClaHund
Tme
Cleu y Psep  yasp
Mere R Huar fios
Calt 2  Cegr anc Hien
-1 Cobs cambo Ctau
1 Cbre Nacu
Calb  Tope
GspA Smok Anic  pzjj
Pmic
Cfal Hexg Stas
Geuv Helo
Ccau
. Cmel Chpu Nfer
o Gaus
> Cambe
S 2 — Pkam Dkuh Raus
A Cfit Cmac Dann
A
Lmac Pgla Cdus Dley cus
Eubl
Rhol
Csor Rhac  Haus
Slew
MspB
Rhta
! | |
1 2 3
Susceptibility

NTFT - Weighted average

1 = Apel, Camb, Clim, Cplu, GspC, Edas
2 = loxy, Owar

Figure 6.5-14: Sustainability plot for the NTFT fishey calculated using the weighted average method.
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Figure 6.5-15: Sustainability plot for the NWSTF fistery calculated using the weighted average method.
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Figure 6.5-16: Sustainability plot for the WAEMBGF fishery calculated using the multiplicative method.
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Figure 6.5-17: Sustainability plot for the WAEMBGF fishery calculated using the weighted average
method.
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Figure 6.5-18: Sustainability plot for the WAKGBF fishery calculated using the multiplicative method.
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Figure 6.5-19: Sustainability plot for the WAKGBF fishery calculated using the weighted average
method.
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6.6 Discussion

6.6.1 Cumulative Risk Assessment

Using a combination of catch data of elasmobrameimorthern Australian fisheries, fishing methods
and biological data collected during by fisheriéservers in this project, we have produced a semi
guantitative risk assessment of 75 species in B®ittual fisheries as well as a cumulative risk
assessment for all fisheries. Using data collebtefisheries observers in target and bycatch fisbe
this risk assessment provides a more realisticsassent than previous attempts (Stobutzki et al.,
2003). The cumulative risk assessment identifiedeast 14 species that are least likely to be
sustainable in northern Australia due to the cutiudaeffect of fisheries in northern Australia. Bee
species includ€. amboinensis, C. brevipinna, C. leucas, C. limbaGlyphissp. A, Glyphissp. C,

N. acutidens P. clavata, P. microdon, P. zijsraand S.mokarran Anoxypristis cuspidatdad the
highest susceptibility rank but a relatively lowcogery rank suggesting it is more capable of
recovering from fishing. The high susceptibilitydatine fact that this species is captured in nealtly
fisheries suggest that it should also be classdgedne of the least sustainable species.

While the results of the cumulative assessmentigeogstimate of relative risk, the fact that values
were clumped together due to the averaging ovdisB@ries requires additional modification of the
methods. We weighted susceptibility in each fishbased on total elasmobranch catch in each
fishery. Although this approach reduced the infeenof small fisheries that capture few
elasmobranchs, the weighting might be more uséfapplied to a criteria used to determine fishery
specific susceptibility. Additional research intbetuse of weighting with respect to sensitivity
analysis using a 3-way ordination approach shoelddnsidered to determine the best time to apply a
catch weighting and also which criteria should beighted in order to reduce the influence of
redundant criteria.

Management options for species that were classagebeing at high risk or least likely to sustalaab
need to be considered. The Ecological Risk AssessfoeEffects of Fishing (ERAEF) developed by
Hobday et al. (2004) recommends that species that are classifgetigh risk by a “level 2" risk
assessment, which is equivalent to the analysesriaken in this project, should be assessed using a
“level 3" assessment (quantitative stock assesgmBita required for a level 3 assessment would
only be available for the target specieofsorrahandC. tilstoni which were not identified as being
at high risk. A recent stock assessment of theseiasp was conducted by the Northern Shark
Assessment group (NSAG) and showed that both speaee sustainable at the current of fishing
mortality (NSAG, 2005). For high risk species wehere is insufficient data for a quantitative
assessment, research efforts should be directeardswobtaining data for stock assessment. In the
absence of long term time series of catch and teffata traditional dynamic fishery models are not
suitable. Instead, demographic models that reljiferhistory parameters can provide guidelines for
management and have been used extensively to aidgament of elasmobranchs due to the lack of
data on this group (Hoenig and Gruber, 1990; Cpdt899; Simpfendorfer, 1999a, b; Beerkircleer

al., 2002; McAuleyet al, 2005).

Once age and growth parameters for species arenmdeésl from Von Bertalanffy growth curves,
demographic models can be applied to high riskispe®emographic models can then be used to
estimate how changes in fishing mortality as well changes in gear selectivity (age specific
mortality) influences intrinsic rate of populatiorcrease (r). Demographic analysis can be donalifor
species were sufficient life history data existatdon the species specific catch and effort frioen t
Australian and illegal FFV fleet can be incorpodaieto demographic models to model the impact of
the combined legal and illegal fishing componentsd avould provide a better estimate of
sustainability than risk assessment methods.
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The outcomes of this risk assessment need to lepoated in management and used to prioritise
research needs. To ensure a consistent processsfmnding to risk assessment outcomes AFMA has
developed an Ecological Risk Management (ERM) fraork which provides outlines of the process
for individual fisheries to respond to the resufsthe risk assessment. State management agencies
should be encouraged to use this approach in addibi the responses outlined by the OPSUNASR.
In addressing the issues and priorities for northisheries that interact with elasmobranchs,
OPSUNASR (2005) identified several management mesgm relating to the outcome of the risk
assessment. These include:

» Developing rehabilitation strategies for any spedientified as high risk by the risk
assessment based on requirements set out in guddli2.1 and 1.2.2 of the Commonwealth
Guidelines for the Ecologically Sustainable Managetof Fisheries.

» Develop criteria with industry that can be useddstablish the need for rehabilitation

» Ensure management arrangements allow for the ingi&tion of rehabilitation strategies

* Encourage complementary research to improve thityoérisk assessments and
assessments of resource status

» Evaluate management strategies and informationnegants to minimise risk

The fact that all threatened and protected spé@&gphis sp. and sawfishes) were classified as high
risk warrants the implementation of a recovery planthese species. The issue of threatened and
protected species was raised by the NPAO — Sharkgelh as OPUNASR. One of the objectives of
the NPOA — Sharks was: to identify and provide sdeattention, in particular, to vulnerable or
threatened sharks. The shark plan also recommeridedfollowing action: Assess current
management arrangements for listed threatened spadies against the requirements of the recovery
plans for those species and address any deficendgihin 12 months of that assessment. Despite
Glyphissp. A,Glyphissp. C andPristis microdonbeing listed under the EPBC act for more than five
years, there are still no recovery plans for tteggies. These recovery plans need to be devesmped
that management responses can be assessed adgéthstdvery plan recommendations.

6.6.2 Recovery

While recovery parameters give an indication ofgb&ential for species to recover from depletion by
fishing, the recovery ranks can be misleading asisp ability to recover from fishing depends oa th
level of fishing mortality. An estimate of fishingortality is not available for all but two specigs.
sorrah and C. tilsonj) and is one of the reasons why risk assessmertiogietwere chosen. It is
possible that a species with low recovery rankssfrikely to recover from fishing) will be at rigk
fishing mortality is higher than the species apilib recover. For this reason, data on the species
specific catches should be used to interpret tied Eustainability estimate.

Species-specific age and growth data are likelyet@ better reflection of a species ability to weco
from fishing than parameters such as size at béitte at maturity and maximum size (Sméthal,
1998). However, in the absence of age and growtid, tlzese parameters are useful but more data on
the empirical relationships between age and sirenpeters (for the species assessed in this stuely) a
required if size data are used as a proxy for “petiglity’. The lack of age and growth data is
therefore limiting to risk assessment and stoclessaent/demographic methods and needs to be
collected for all species in order to better asghsssustainability of these species, either though
improved risk assessment methods, or preferablyodesphic and stock assessment models.

The scarcity of biological data reflects a lackuoterstanding of the life histories of many nonther
Australian elasmobranchs, especially species in geaus Dasyatidae, Myliobatidae, Rajidae,
Rhinobatidae and Rhinopteridae where even basierirdtion on size at maturity is lacking. While
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the paucity of data is likely to overestimate teeavery rank for certain species where two or more
criteria are unknown, the effect this has on ovesastainability is minimal as the majority of tlees
species have low susceptibility. This is a reflaetof the fact that basic biological data suchize at
birth, size at maturity, maximum size and numbepups is only known for target species. Of the
species where at least 4 out of 5 criteria werewkndarge whaler sharks such @archarhinus
leucas C. obscurusC. amblyrhynchgsC. plumbeusC. limbatus C. brevipinna C. amboinensis
Negaprion acutidensGlyphis sp. A andGlyphis sp. C had the highest recovery rank and lowest
capacity to recover from overfishing. Sawfishedhsf genus Pristidae also had high recovery ranks,
howeverAnoxypristis cuspidathad a remarkably low recovery rank suggesting ihore capable of
recovering from fishing than other sawfishes. Speevith the lowest recovery ranks included smaller
Carcharhinids includin€. sorrah, Rhizoprionodon acutus, R. taylamdHemigaleus microstoma

Using parameters such as size at birth, size airiyaand maximum size to estimate recovery does
have advantages over using age and growth data @ddtanon age and growth are lacking as it does
not lead to the overestimation of recovery abilifuring a workshop held to assess the risk
assessment methods used in this project, a gro@xpsErts agreed that while the methods used to
determine recovery ranked species is the corradtrpithe degree of separation between certain
species was not an accurate reflection of theiityato recover from exploitation. For exampl€.
sorrah, S. lewiniandR. acutusall had a recovery rank of 1.64. Taking age amuvgn data into
account,R. acutuswould have a higher intrinsic rate of populatiogrease thanC. sorrahandS.
lewini, however the method for determining the recovankrdoes not allow for separation based on
these criteria used.

Although not possible with the limited data for rhepecies assessed in this project, using measures
of r, orA (intrinsic rate of population increase); f{fishing mortality rate at which population growth

is zero) and, (intrinsic rate of population increase at MSY)g4@udley and Simpfendorfer, 2006;
Smith et al., 1998) would provide a more realiggtimate of a species ability to recover from
exploitation. The importance of the collection wblogical data required for risk assessment and
stock assessment purposes was identified by OPSBNWi#h the response to these issues being:
encourage complementary research to improve thétyyad risk assessments and assessments of
resource status and develop research prioritiesdothern Australian fisheries through the NAFM
workshop.

6.6.3 Susceptibility

The weighted average approach was determined thebkest method for assessing susceptibility to
capture. The main reason for this decision was témelency of the multiplicative approach to

underestimate susceptibility by placing too muchpleasis on one or two criteria. Weighting each
criterion based on its importance to overall susb#jty and averaging all values provides a better
reflection of risk and is a more conservative apptowhich follows the precautionary principle.

The multiplicative method was originally tailoreal dct only as a means of assessing susceptilality t
fishing and not recovery (Walker, 2004). Using tmeltiplicative method in combination with
recovery criteria results in the two determinantssostainability being calculated with different
methods. It is not appropriate to use the multiiliee approach to determine recovery as this method
would not differentiate between species with low &igh recovery.

Differentiating between low and medium/high rislesies is more difficult using the multiplicative
method. Using two species in the ECN fishery agxample, the difference between multiplicative
ranks for Apel (1.01) and Cambo (1.22) is smaf2{), however using the weighted average method,
the difference between the two species (Apel = Bd@ Cambo = 2.57) is 1.04. The multiplicative
method compresses the final ranks of species tleattalow to medium risk. Interpretation of the
susceptibility ranks when using the multiplicativethod requires a greater knowledge of the fishery
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and the species biology and ecology as the rigdoofe species is underestimated using this method.
As a result, we have used the weighted averageath@éthshow the risk in each fishery and also to
determine the cumulative risk to all species irfialieries.

6.6.4 Comparison with previous risk assessments

By using catch data from the fisheries, the nundfespecies in this risk assessment (75) was halved
compared to the initial risk assessment on nortAastralian elasmobranchs where 148 species were
assessed (Stobutzét al, 2003). This was because Stobutzkial. (1998) assumed that all species
found in the northern part of Australia were captliby the fisheries assessed. Similarly, by obigini
additional biological data and tailoring the risksassment to utilise data on size at maturity and
maximum size rather than age at maturity and loitgiethere was a significant reduction in the
number of unknown criteria. In the current proje2h % of all recovery criteria were unknown
compared to 43 % in Stobutzkt al. (2003). Using criteria where biological data wereailable
reduced the number of species that would otherhdse been assigned a rank of 3. Thus, the number
of species with high recovery ranks was reduced.

There was general agreement in the results ofutrert risk assessment with those of Stobutzkil
(2003). The major difference between the two riskeasments was between stringrays and skates. In
the Stobutzki report, several stingrays sugh kuhlii, H. uarnak, H. jenkinsi, G. australiand
Pastinachus sephewere classified as high risk. In the current as®ent, all stingrays were
classified as low risk due to their capture in oaljew fisheries. Furthermore, it is now compulsory
for most prawn trawl fisheries to use TEDs, whids Isignificantly reduced the number of stingrays
landed in these fisheries (Brewadral, 2004).

Species that were classified as high risk by bo#thods included all species of sawfish€s,
amboinensisC. cautus, C. fitzroyensis, C. leucas, E. blocNii, acutidens, S. mokarraand R.
australiae Species ranked as high risk by this projectlandrisk by Stobutzket al (2004) include

C. amblyrhynchoides, C. limbatus, C. sorrah, Gtdihiand Glyphissp. A.Carcharhinus sorratand

C. tilstoni were classified as high risk because they arestaspgecies in gill net fisheries and are
frequently captured in other fisheries, such adNRE. A recent stock assessmen€otorrahandC.
tilstoni (NSAG, 2005) showed that populations of these isgeappear to be maintaining and that
current rates of harvest are sustainable, but stbelve apparently not yet recovered from heavy
fishing pressure by the Taiwanese between 197535 {Stevens, 1990). The fact tigat tilsoni and

C. sorrahwere classed as high risk in the risk assessmeérarle considered to be sustainable when
using stock assessment methods illustrates theriempe of detailed biological and catch data for al
species but also suggests that catches of thesiespeed to be closely moniroted in order to pneve
over fishing.Carcharhinus amblyrhynchoidesnd Glyphissp. Awere classified as high risk in this
project due largely to observer data from inshdltengt fisheries that capture these species.

6.6.5 Selected individual fisheries

The following individual fisheries are briefly disgssed due to their importance in terms of the aize

the fishery, or interactions with threatened armiguted species.

ECN

Anoxypristis cuspidatdhas a high susceptibility rank in this fishery astibuld also be closely

monitored due to the fact that population of abb@ps of sawfish have declined along the east ofast
Australia in the past 20 years.

Species such a€. amblyrhynchoidesC. cautus, E. blochiand R. australiaethat have a high
susceptibility rank and mid-range recovery rankang likely to be at high risk from the ECN fishery
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due to high amount of fishing effort in this fiskigd 3000 days when elasmobranchs was recorded in
the catch in 2003) combined with the diversity abitat and depth fished.

N9

DespiteC. tilstoni being considered as high risk in this fisherycleas are likely to be sustainable
based on increasing CPUE in this fishery and aaowunt of fishing effort (Gribble et al., 2005).
Carcharhinus tilstonis a target species and comprises about 25 % impeuof the total catch in this
fishery. It is therefore likely that any reductionpopulation size will be reflected in overall da¢s.
Catches should be closely monitored if effort iis fishery increases.

Catches oH. elongata which were also identified as least likely to saestainable are likely to be
sustainable in the N9 at current fishing effortlas species only forms less than 1% of the reabrde
catch (Chapter 4). Similarly, catches @&archarhinus dussumieriC. macloti, C. sorrah,
Rhizoprionodon acutus, R. oligolinR. tayloriandSphyrna lewinare likely to be sustainable due to
the relatively high fecundity of these species & fishing effort in the N9 (less than 500 days
fished in 2004, Section 3).

NPF

All sawfishes were classified as being at high risbkm the NPF. This is largely due to their
entanglement with the trawl gear and the difficuttyremoving animals from the nets due to their
large size Anoxypristis cuspidata the most commonly captured sawfish in the NRthough TEDs
have reduced the capture of this species in the (BREweret al, 2004), it is still classified as high
risk due to the fact that mortality of landed anena high and there is currently no data on the
survival of animals that are released alive. Aldfoucapture of other sawfish species occurs
infrequently, the majority of animals landed aregéasexually mature animals, which are becoming
less common in all northern Australian waters.

Although D. annotata, D. kuhlii, D. leylandand Gymnura australiswere least likely to be
sustainable, their risk status would be signifisareduced if post-capture mortality was lower. fighe
are currently no estimates of post capture moytédit elasmobranchs in the NPF and it was therefore
assumed that post-capture mortality was high.

NTBarr

Glyphis sp. A was one of the least sustainable speciethénNTBarr fishery, however recent
amendments to the fishery prevent fishing in tivers whereGlyphissp. A are known to frequent.
This may reduce the impact of the NTBarr fisheryGigphissp. A, however additional information
on habitat utilisation and distribution dblyphis sp. A is required before these data can be
incorporated into the risk assessment. Closingrsivo the NTBarr fishery is likely to cause an
increase in effort at river mouths and the codsitajes. The impact of a shift in effort @lyphissp.

A is currently unknown. It is likely that increasetfort in the marine environment will increase the
impact of this fishery on species such@samboinensis, C. fitzroyensis, P. zijsron, Pvata, A.
cuspidata, C. amblyrhynchoidasdE. blochit

The species-specific catch composition of elasmutira is not recorded by the NTBarr fishery and
logbook records of elasmobranch catches in thigefis are small (3.7 tonnes). Given the number of
species that were classified as high risk in tisisefry and the high catches in similar inshore rogi
fisheries in Queensland, it is likely that catchafs elasmobranchs in the NTBarr fishery are
significantly higher than those recorded. Managanaetion is required to: 1) Introduce logbooks
that record elasmobranch species (similar to thtseduced by NTONL) in order to record catches
of elasmobranchs. 2) Fishers need to be trainethenidentification of elasmobranchs to ensure
logbook records reflect species specific catchgmtBduce voluntary code of conduct for the relea
of sawfish andslyphissp. A.
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NTONL

Species such as sawfishes, Krevipinna C. fitzroyensis, C. tilstorand E. blochi which are
susceptible to capture in gill net fisheries asl asllarger species such@samboinensisGlyphissp.

C, N. acutidensand S mokarran that are captured more frequently on longlinesewtre least
sustainable species in the NTONL. The use of batthods results in a greater number of high risk
species due to different selectivity of the gears.

Although sawfishes were among the least sustaingi@eies, the NTONL fishery has introduced a
voluntary code of conduct for the release of allftgh. Early reports suggest this is being adhéoed
by the fishery which will lead to reduced mortaliyd therefore increased sustainability of these
species. However, post-release survival of sawisptured from boats is currently unknown and
research is needed to determine if releasing att@s is resulting in reduced mortality.

NTFT and QDFT

Despite the release of all elasmobranéhs;uspidatavas still deemed to be unsustainable due to the
difficulty of removing animals from nets and lowrsival of this species. The short shots in this
fishery combined with an effective hopper systesults in almost all large animals being released
shortly after being landed. As with other trawhfigsies, the mortality of released animals is unkmow
and needs to be determined in order to accuratdgsa the sustainability of animals captured as
bycatch. If the mortality is greater than currestireates, species that have a susceptibility rankin
between 1.66 and 2.33 would be ranked as unsubtaina

NWSTF

Data on the catches of elasmobranchs in the NWSE&Fe wot available; however a species
composition list was compiled by observers in thshery was provided by AFMA. Besides.
cuspidata,species at high risk are found in deep water ane fienited geographic distribution. In
addition, very little is known about the biology thiese species. CatchesRofdaviesi, C. granulosus
and Dipturus sp. I.Dipturus sp. E H. lemures, P. allenand Squatinasp. B need to be monitored to
ensure that these species are not overexploitedoddh the NWSTF is the only fishery that has any
impact on these species, they are considered hgiklgin the cumulative risk assessment due to the
fact that this fishery operates throughout range¢hete species. Although. cuspidatahad a high
susceptibility ranking; it is least likely to beptared frequently by the NWSTF due to the depth thi
fishery operates in (200 — 600 m, Wade WhitelawiVid; Pers. Comm.).

WAEMBGF

Both N. acutidensand C. amboinensisvere least likely to be sustainable in this fishbecause it
operates in the same habitat these species ##iseirsery areas. The gill net mesh size is effecti
capturing most animals utilising the inshore nyrseeas leading to high selectivity and overlaghwit
primary habitat. Although this fishery does not tcae adults due to the mesh size, the high catch
rates of these species is least likely to be susbde. Adults of both species are also taken by the
WANCSF which operates offshore. The combinatiorbath adults and juveniles being targeted in
this area warrants concern. Additional researah finé biology of both species is required in orider
produce demographic/stock assessment models fee gpecies which have a low ability to recover
and are also taken in NTONL fishery.

WANCSF

A large number of species were not considered teusgainable in the WANCSF due to the use of
both longlines and gillnets in this fishery. Of fi@ular concern wer€. plumbeus, N. acutidersd

C. amboinensisRecent management initiatives in response tostamable harvest d. plumbeus
have resulted in a large reduction in long lindifig effort as well spatial closures in the souther
region of this fishery (McAuleyet al, 2005). Fishing effort in 20004/05 was 1412 boaysi
primarily by long line (only 9 days gill net effgrtThis has now been reduced to 300 days longline
and 600 days gill net. Longline operators can s@@plongline days to 600 gillnet days but to daie n
operators have done this. Long line effort hasetoge been reduced by nearly 80% and total effprt b
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36%. There is some concern that the effort caprésgited in more boats moving across to the NT
resulting in an increase in effort in the joint lawrity section of this fishery, however logbookyéa
not yet recorded this. This issue needs to be m@dtthrough the complementary management via
the OCS between NT and WA. The reduction in lormge leffort should reduce catches ©f
amboinensiandN. acutidenscatches need to be monitored closely and dathebiology of both
species needs to be collected for stock assesgumuses.

Increasing gillnet effort in this fishery is liketp result in an increased risk to sawfishes dutnedr
high susceptibility to this fishing method. Followithe shift in effort, catch composition will neted
be monitored closely.

6.6.6 The impact of IUU fishing

The current project did not include the issue olUJldishing in northern Australia in the risk
assessment due to the lack of species compositidrighing effort data from the illegal component.
It is likely that given the reported level of IUUkling effort in northern waters, these fisheries a
having a significant impact on the sustainabilifyseveral species, in particular large Carcharlsinid
which have valued fins. However, until data on fiseing methods, distribution of fishing effort and
species composition become available it is not iplesgo estimate the risk to individual species.
Similarly, the extent of overlap between Australard IUU fishing has not yet been determined and
therefore a comparison between the risks eachéifyi§hposes to individual species is not possible.
We feel that this should be the highest futureaedepriority for northern Australian elasmobranchs
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Table 6.6-1: Primary habitat used by species in thistudy. Habitat ranks were determined from these
data using rules in Table 6.2-1.

Scientific name Primary habitat

Aetobatus narinari
Aetomylaeus nichofii
Alopias pelagicus
Anoxypristis cuspidata
Carcharhinus albimarginatus pelagic, reef, shelf

Carcharhinus altimus benthopelagic, shelf, slope
Carcharhinus amblyrhynchoides = benthopelagic, coastal, estuarine
Carcharhinus amblyrhynchos benthopelagic, coastal, shelf, reef
Carcharhinus amboinensis benthopelagic, coastal, estuarine, shelf
Carcharhinus brevipinna benthopelagic, coastal, shelf
Carcharhinus cautus benthopelagic, coastal, estuarine
Carcharhinus dussumieri benthopelagic, coastal, shelf
Carcharhinus falciformis oceanic, pelagic, shelf

Carcharhinus fitzroyensis benthopelagic, coastal, estuarine, shelf
Carcharhinus leucas benthopelagic, coastal, estuarine
Carcharhinus limbatus benthopelagic, coastal, shelf

benthopelagic, coastal, reef, soft substrate, estuarine
benthopelagic, coastal, shelf

oceanic, pelagic

demersal, benthopelagic, coastal, shelf, soft substrate

Carcharhinus macloti
Carcharhinus melanopterus
Carcharhinus obscurus
Carcharhinus plumbeus
Carcharhinus sorrah
Carcharhinus tilstoni

benthopelagic, coastal, shelf

benthopelagic, coastal, shelf, reef

benthopelagic, shelf, slope
benthopelagic, shelf, slope
benthopelagic, coastal, shelf
benthopelagic, coastal, shelf

Carcharias taurus
Centrophorus granulosus
Chiloscyllium punctatum
Dasyatis annotata
Dasyatis kuhlii

Dasyatis leylandi

Dipturus sp. A

Dipturus sp. F
Eucrossorhinus dasypogon

benthopelagic, shelf, reef

demersal, slope

demersal, coastal, shelf

demersal, coastal, shelf, soft substrate
demersal, reef, coastal, shelf
demersal, soft substrate, coastal, shelf
demersal, soft substrate, slope
demersal, soft substrate, slope
demersal, reef, coastal, shelf

Eusphyra blochii benthopelagic, coastal, shelf, estuarine
Galeocerdo cuvier benthopelagic, coastal, shelf, slope
Glyphis sp. A benthopelagic, coastal, estuarine
Glyphis sp. C benthopelagic, coastal, estuarine

demersal, coastal, shelf, soft substrate

demersal, soft substrate, benthopelagic, coastal, shelf
benthopelagic, soft substrate, coastal, shelf
demersal, slope

demersal, shelf, soft substrate

demersal, coastal, shelf, soft substrate

demersal, coastal, shelf, soft substrate

demersal, soft substrate, coastal, shelf

Gymnura australis
Hemigaleus microstoma
Hemipristis elongata
Hexanchus griseus
Himantura jenkinsii
Himantura toshi
Himantura uarnak
Himantura undulata
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Scientific name

Primary habitat

Hydrolagus lemures

demersal, soft substrate, slope

Isurus oxyrinchus
Loxodon macrorhinus
Manta birostris

Mobula eregoodootenkee
Mustelus sp. B

Narcine sp. A

Nebrius ferrugineus
Negaprion acutidens
Orectolobus wardi
Pastinachus sephen
Pavoraja alleni
Plesiobatis daviesi
Prionace glauca

Pristis clavata

Pristis microdon

Pristis zijsron
Pseudocarcharias kamoharai
Rhina ancylostoma
Rhinobatos typus
Rhinoptera neglecta
Rhizoprionodon acutus
Rhizoprionodon oligolinx
Rhizoprionodon taylori
Rhynchobatus australiae
Sphyrna lewini

Sphyrna mokarran
Stegostoma fasciatum
Taeniura meyeni
Triaenodon obesus
Urogymnus asperrimus

pelagic, oceanic, shelf, slope

demersal, benthopelagic, coastal, shelf

pelagic, coastal, shelf

pelagic, coastal, shelf

demersal, shelf, slope

demersal, soft substrate, shelf, slope

demersal, coastal, shelf

benthopelagic, inshore, shelf, estuarine
demersal, reef, coastal, shelf

demeral, soft substrate, coastal

demersal, soft substrate, slope

demersal, soft substrate, slope

pelagic, oceanic

demersal, coastal, estuarine, shelf, soft substrate
demersal, coastal, shelf, estuarine, soft substrate
demersal, coastal, shelf, estuarine, soft substrate
pelagic, oceanic

demersal, coastal, shelf, soft substrate
demersal, coastal, shelf, soft substrate
benthopelagic, coastal, shelf

benthopelagic, coastal, shelf

benthopelagic, coastal, shelf

benthopelagic, coastal, shelf

demersal, coastal, shelf, soft substrate
benthopelagic, coastal, shelf, slope
benthopelagic, coastal, shelf

demersal, coastal, shelf

demersal, coastal, shelf, reef, soft substrate
demersal, reef, coastal, shelf

demersal, shelf, soft substrate
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Table 6.6-2: Summary of biological data used to obtn ranks for recovery criteria. Values were obtaired from the literature, unpublished data and from hological data
collected from this project.

Length Size at Size female  Maximum Age at Litter ~ Reproductive

SCIENTIFIC_NAME REFERENCE type birth maturity size maturity size periodicity
Aetobatus narinari JD_Stevens DW 17 330 4
Aetomylaeus nichofii White 2003 DW 17 39 64
Alopias pelagicus White 2003; Liu et al. (1999) TL 140 264 330 7 2
Peverell Unpublished MsC thesis;
Anoxypristis cuspidata (FRDC 2002/064) TL 85 225 350 5 15 1
Carcharhinus albimarginatus Last & Stevens (1994) TL 55 195 275 6 2
Carcharhinus altimus Last & Stevens (1994) TL 60 225 285 9
Stevens & McLoughlin (1991);
Carcharhinus amblyrhynchoides = Last & Stevens (1994) TL 50 110 170 5 1

Stevens & McLoughlin (1991);
Last & Stevens (1994);
JD_Stevens TL 50 130 190 7 3.4 2
Stevens & McLoughlin (1991);
Last & Stevens (1994), FRDC

Carcharhinus amblyrhynchos

Carcharhinus amboinensis 2002/064 TL 60 215 280 9.5 2

Carcharhinus brevipinna JD_Stevens TL 75 210 278 9 10 2

Carcharhinus cautus JD_Stevens TL 40 91 140 3 1
Last & Stevens (1994); Stevens &

Carcharhinus dussumieri McLoughlin (1991) TL 35 67 90 2 1

Carcharhinus falciformis Last and Stevens, 1994 TL 70 200 350 7 8 2

Carcharhinus fitzroyensis JD_Stevens TL 50 100 135 4 1

Carcharhinus leucas JD_Stevens, Pillans unpublished  TL 60 230 340 20 7 2

Carcharhinus limbatus JD_Stevens TL 68 190 250 6 6 2
Stevens & McLoughlin, 1991;

Carcharhinus macloti Last and Stevens, 1994 TL 40 74 110 15 1
JD_Stevens; Last and Stevens,

Carcharhinus melanopterus 1994 TL 48 97 140 4 1
Last and  Stevens, 1994,

Carcharhinus obscurus Simpfendorfer et al., 2002 TL 70 220 365 17 8.5 3

Carcharhinus plumbeus McAuley, 2005 TL 425 158 280 13 6.5 2

Carcharhinus sorrah Last and Stevens, 1994; TL 52 97 155 25 3.5 1
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Length Size at Size female  Maximum Age at Litter Reproductive
SCIENTIFIC_NAME REFERENCE type birth maturity size maturity size periodicity
Davenport & Stevens,
FRDC 2002/064
JD_Stevens; Davenport
Carcharhinus tilstoni Stevens, 1988, FRDC 2002/064 TL 53 115 180 3.5 3.3 1
Carcharias taurus Last and Stevens, 1994 TL 100 220 318 7 2 2
Centrophorus granulosus JD_Stevens TL 35 160 1
Chiloscyllium punctatum Last and Stevens, 1994 TL 17 70 118
Dasyatis annotata JD_Stevens DW 23 24 2
Last and Stevens, 1994, White
Dasyatis kuhlii 2005 (ACIAR) DW 16 38 38 2 1
Dasyatis leylandi JD_Stevens; Barrat, 2004; DW 11 18 31.7 1 1
Eucrossorhinus dasypogon JD_Stevens TL 20 125
Eusphyra blochii Last and Stevens, 1994 TL 45 120 186 8 1
Last and  Stevens,
Natanson et al., 1999; Winter and
Galeocerdo cuvier Dudley, 2000 TL 63 350 500 8 40 2
Glyphis sp. A FRDC 2002/064 TL 55 200 250 5 2
Glyphis sp. C FRDC 2002/064 TL 60 177 252 9
Gymnura australis JD_Stevens DW 61 73 4
Hemigaleus microstoma Stevens & McLoughlin (1991) TL 30 65 110 9 1
Hemipristis elongata Last and Stevens, 1994 TL 52 120 230 6.5 2
Hexanchus griseus Last and Stevens, 1994 TL 65 420 480 65
Himantura jenkinsii White, 2003 DW 71 104
Himantura toshi Last and Stevens, 1994 DW 20 66 69 2
Himantura uarnak JD_Stevens DW 28 200 4
Himantura undulata White 2003 DW 20 90 140
Hydrolagus lemurs Last and Stevens, 1994 TL <50 58 1
Isurus oxyrinchus JD_Stevens, Bishop et al., 2006 TL 70 275 395 19 4 3
Loxodon macrorhinus Stevens & McLoughlin (1991) TL 40 57 88 15 1
Manta birostris JD_Stevens DW 110 430 910 2
Mobula eregoodootenkee Fishbase 2005 DW 100
Mustelus sp. B JD_Stevens TL 27 62 117 9 1
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Length Size at Size female  Maximum Age at Litter  Reproductive
SCIENTIFIC_NAME REFERENCE type birth maturity size maturity size periodicity
Narcine sp. A JD_Stevens DW 17 17
Last & Stevens (1994); FRDC
Nebrius ferrugineus 2002/064 TL 40 230 320 22 1
Negaprion acutidens JD_Stevens TL 60 213 300 7
Orectolobus wardi JD_Stevens TL 63
Pastinachus sephen Last and Stevens, 1994 DW 18 180
Pavoraja alleni Last and Stevens, 1994 DwW 14 32 1
Plesiobatis daviesi Last and Stevens, 1994 DW 130 3
Prionace glauca Last and Stevens, 1994 TL 35 220 383 4 35
Peverell Unpublished MsC thesis
Pristis clavata (FRDC 2002/064) TL 64 284 320
Peverell Unpublished MsC thesis
Pristis microdon (FRDC 2002/064) TL 72 303 656 8 1
Peverell Unpublished MsC thesis TL 80 380 535 9 1
Pristis zijsron (FRDC 2002/064)
Pseudocarcharias kamoharai Last and Stevens, 1994 TL 40 79 110 4
Raja sp. F Last and Stevens, 1994 DW <50 50 1
Raja sp. | Last and Stevens, 1994 DwW 18 43 2
Rhina ancylostoma JD_Stevens TL 45 270
Rhinobatos typus JD_Stevens, FRDC 2005 TL 38 270
Rhinoptera neglecta JD_Stevens DwW 86
Stevens & MclLoughlin, 1991; TL 35 75 100 3.5 1
Rhizoprionodon acutus Last and Stevens, 1994
Rhizoprionodon oligolinx Last and Stevens, 1994 TL 20 35 70 4
Rhizoprionodon taylori Simpfendorfer, 1993 TL 23 57 69 1 4.5 1
Rhynchobatus australiae FRDC 2002/064 TL 49 155 282 15
Squatine sp. B Last and Stevens, 1994 TL <64 <64 64
Branstetter, 1987; Dudley and
Simpfendorfer, 2006, FRDC
Sphyrna lewini 2002/064 TL 48 200 345 11 17
Sphyrna mokarran JD_Stevens, FRDC 2002/064 TL 65 229 600 15 2
Stegostoma fasciatum Last and Stevens, 1994 TL 20 170 235 3
Taeniura meyeni JD_Stevens; White 2003 DW 35 120 180
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Length Size at Size female  Maximum Age at Litter Reproductive

SCIENTIFIC_NAME REFERENCE type birth maturity size maturity size periodicity
Last and  Stevens, 1994,
Triaenodon obesus Fishbase 2005 TL 52 105 170 5 3
Urogymnus asperrimus Fish base DW 100

The following decision rules were used to obtailuga from multiple sources of information:
In all cases, regional data was used in preferendata from other areas.
Birth size (cm TL) — where more than one credible value is availatflese the smallest.

Size at female maturity (cm TL)— where more than one credible value is availalilese the smallest. If no data for females thendaga from males (no cases
with these species).

Maximum size (cm)— where more than one credible value is availathlese the largest.

Age at female maturity (y)— where more than one credible value is availatiiese the smallest. If no data for females thendata from males (no cases with
these species).

Litter Size — where average is available, use it, otherwisamoé max and min. If only one value available, ise

Reproductive Period (y)— where more than one credible value is availathlese the largest. Adjust for gestation periodre/lireconsistent.
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Table 6.7-1: Summary of biological data used to ohtn ranks for recovery criteria. Values were obtaired
from the literature, unpublished data and from biological data collected from this project. The followng
decision rules were used to obtain values from muftle sources of information:

In all cases, regional data was used in preferente data from other areas.
Birth size (cm TL) — where more than one credible value is availaiflese the smallest.

Size at female maturity (cm TL) —where more than one credible value is availabi®se the
smallest. If no data for females then use data frmates (no cases with these species).

Maximum size (cm)— where more than one credible value is availaiflese the largest.

Age at female maturity (y)— where more than one credible value is availatilese the smallest. If
no data for females then use data from males (sescaith these species).

Litter Size — where average is available, use it, otherwisenntdanax and min. If only one value
available, use it.

Reproductive Period (y)— where more than one credible value is availaiflese the largest. Adjust
for gestation period where inconsistent.
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