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Preface

This documenttcological Risk Assessment for the Effects of RgshiViethodologyis

one of three in the ERAEF series. This documenirag, in detail, the steps to
completing a case study for a fishery. The indialdtase study results are then reported
using the documeRAEF Case Study Report Fishery Naift®e rationale and
theoretical development of the methodology, togethith a summary of the project and
results for all the fisheries assessed, is covieréke third documenERAEF Stage 2
Final Report (June 2006)The ERAEF methodology has seen continual refererand
extension since project began in 2001, and thisodetiogy document supersedes all
other methodology documents produced by the ERAB[e¢.

There are three sections to this document; a sierview of the ERAEF methodology
(Section 1), the detailed methodological steptamete the results (Section 2) that
should be read in conjunction wiERAEF Case Study Report Fishery Naare a
summary and interpretation of results (Sectiorit33. possible to read the overview in
the first section, skip the second section of tedanethods, and then read the third
section. If additional detail is required, the setsection can be visited. Within the
second section, there are three types of conig¢mis{ructions to authors of a fishery
assessment, (i) methods for undertaking the asszgsand (iii) pro-formas and
examples of output from de-identified case studiégse are identified idifferent
waysto allow quick recognition of the content and relewe to the task at hand. The
organisation of this document reflects that usetth&@ERAEF Case Study Reporfhe
same section headers and numbering scheme, ame &igd table numbers are used to
allow easy reference between the two documents.
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Overview 1

1. Overview

Ecological Risk Assessment for the Effects of Fishi
Framework

ng (ERAEF)

The Hierarchical Approach

The Ecological Risk Assessment for the EffectsishiRg (ERAEF) framework
involves a hierarchical approach that moves frazoraprehensive but largely
gualitative analysis of risk at Level 1, throughmare focused and semi-quantitative
approach at Level 2, to a highly focused and fglgntitative “model-based” approach
at Level 3 Figure 1). This approach is efficient because many potensks are
screened out at Level 1, so that the more interaidequantitative analyses at Level 2
(and ultimately at Level 3) are limited to a subsfethe higher risk activities associated
with fishing. It also leads to rapid identificatioh high-risk activities, which in turn can
lead to immediate remedial action (risk managemesygonse). The ERAEF approach is
also precautionary, in the sense that risks wikd@ed high in the absence of
information, evidence or logical argument to thatcary.

SCOPING
Establish scope and context
Identify and document objectives
Hazard identification

Analysis: Fishery/subfishery

Analysis: most vulnerable - l
element in each component Risk Assessment Level 1

(species, habitat, community) Qualitative assessment (SICA)
Screen out: low consequence Uncertainty analysis

activities and (potentially) low
‘ Negligible or Tow Medium, high or
risk extrerPe risk

3

risk components

Analysis: full set of
elements for each
component

Screen out: low
risk elements

]

Risk Assessment Level 2
Semi-quantitative (PSA) -
Uncertainty analysis

‘ Negligible or Tow
risk

Medium, high or |

extrer?e risk

]

Analysis: selected
elements (species,
habitat, community);
spatial and temporal

Risk Assessment Level 3
Quantitative assessment
Uncertainty analysis

dynmaics
‘ Negligible or Tow Medium, high or |
risk extreme risk

Risk
management
reponse

Figure 1. Overview of ERAEF showing focus of analys for each level at the left in italics.

Conceptual Model

The approach makes use of a general conceptuall midlew fishing impacts on
ecological systems, which is used as the basithéorisk assessment evaluations at each
level of analysis (Levels 1-3). For the ERAEF agoig five general ecological



2 Overview

componentare evaluated, corresponding to five areas of fatesaluating impacts of
fishing for strategic assessment under EPBC lg@slaThe fivecomponentsire:

» Target species

» By-product and by-catch species

» Threatened, endangered and protected species (EERS)

e Habitats

» Ecological communities

This conceptual modeF{gure 2) progresses frorfisherycharacteristicof the fishery

or sub-fishery,~ fishing activitiesassociated with fishing arekternal activitieswhich
may impact the five ecological components (targgbroduct and bycatch species, TEP
species, habitats, and communities)effects of fishing and external activitiesich

are the direcimpacts of fishing and external activities; natural processes and
resourceghat are affected by the impacts of fishing angeal activities;— sub-
componentsvhich are affected by impacts to natural proceasesresources;
componentswhich are affected by impacts to the sub-comptmdémpacts to the sub-
components and components in turn affect achieveafenanagement objectives.

Scoping
Components Target, Byproduct and Bycatch, TEP Species, Habitat s, Communities
Step 2
Identification
Sub gf cor? andI
components perationa
objectives
Natural
processes &
Resources
Positive Negative R'Sk.
imoact impact Pathway evaluation
P P Levels 1-3
Direct impact
of
fishing
activity
Scoping
Step 3
Fishing External Hazard
activities activities identifica
tion
Scoping
Fishery Step 1
characteristics Fishery/Sub-Fishery Key aspects
of fishery

Figure 2. Generic conceptual model used in ERAEF.

The external activities that may impact the fishapjectives are also identified at the
Scoping stage and evaluated at Level 1. This pesvidformation on the additional
impacts on the ecological components being evadyateen though management of the
external activities is outside the scope of managerfor that fishery.
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The assessment of risk at each level takes intouatcurrent management strategies
and arrangements. A crucial process in the riskssssent framework is to document
the rationale behind assessments and decisioaskatséep in the analysiBhe decision
to proceed to subsequent levels depends on
» Estimated risk at the previous level
» Availability of data to proceed to the next level
* Management response (e.g. if the risk is high tmeédiate changes to
management regulations or fishing practices widuiee the risk, then analysis at
the next level may be unnecessary).

ERAEF stakeholder engagement process

A recognized part of conventional risk assessnetite involvement of stakeholders
involved in the activities being assessed. Stakkdislcan make an important
contribution by providing expert judgment, fishesyecific and ecological knowledge,
and process and outcome ownership. The ERAEF meitlisodelies on stakeholder
involvement at each stage in the process, as edthelow. Stakeholder interactions are
recorded.

Scoping

In the first instance, scoping is based on reviéexasting documents and information,
with much of it collected and completed to a dsadige prior to full stakeholder
involvement. This provides all the stakeholderswiniformation on the relevant
background issues. Three key outputs are requiosa the scoping, each requiring
stakeholder input.

1. Identification of units of analysispecies, habitats and communities) potentially
impacted by fishery activities (section 2.2.2; SngiDocuments S2A, S2B and
S2C).

2. Selection of objectivegsection 2.2.3; Scoping Document S3) is a chalfeng
part of the assessment, because these are oftdy gefined, particularly with
regard to the habitat and communities componemdgeSolder involvement is
necessary to agree on the set of objectives thaigks will be evaluated
against. A set of preliminary objectives relevantite sub-components is
selected by the drafting authors, and then preddatthe stakeholders for
modification. An agreed set of objectives is therdiin the Level 1 SICA
analysis. The agreement of the fishery managenugay body (e.g. the
MAC, which contains representatives from industngnagement, science,
policy and conservation) is considered to repreagreement by the
stakeholders at large.

3. Selection of activitieghazards) (section 2.2.4; Scoping Document S4)dbeur
in the sub-fishery is made using a checklist oeptal activities provided. The
checklist was developed following extensive reviawd allows repeatability
between fisheries. Additional activities raisedtty stakeholders can be
included in this checklist (and would feed backitite original checklist). The
background information and consultation with trekeholders is used to
finalize the set of activities. Many activities e self-evident (e.g. fishing,
which obviously occurs), but for others, experanecdotal evidence may be
required.
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Level 1. SICA (Scale, Intensity, Consequence Analysis)

The SICA analysis evaluates the risk to ecologioatponents resulting from the
stakeholder-agreed set of activities. Evaluatiotheftemporal and spatial scale,
intensity, sub-component, unit of analysis, andlitile scenario (consequence for a sub-
component) can be undertaken in a workshop situadioprepared ahead by the draft
case study author and debated at the stakeholdgmmeBecause of the number of
activities (up to 24) in each of five components(idting in up to 120 SICA elements),
preparation before involving the full set of staglelers may allow time and attention to
be focused on the uncertain or controversial on higk elements. The rationale for each
SICA element must be documented and this may rept@schallenge in the workshop
situation. Documenting the rationale ahead of fionghe straw-man scenarios is

crucial to allow the workshop debate to focus anright portions of the logical
progression that resulted in the consequence score.

SICA elements are scored on a scale of 1 to 6inbklgl to extreme) using a “plausible
worst case” approach (see ERAEF Methods Documemsfiails). Level 1 analysis
potentially result in the elimination of activiti@sazards) and in some cases whole
components. Any SICA element that scores 2 orifedecumented, but not considered
further for analysis or management response.

Level 2. PSA (Productivity Susceptibility Analysis)

The semi-quantitative nature of this analysissiewuld reduce but not eliminate the
need for stakeholder involvement. In particulaangparency about the assessment will
lead to greater confidence in the results. The amapts that were identified to be at
moderate or greater risk (SICA score > 2) at Ldvate examined at Level 2. The units
of analysis at Level 2 are the agreed set of spek#@bitat types or communities in each
component identified during the scoping stage. Apehensive set of attributes that
are proxies for productivity and susceptibility badween identified during the ERAEF
project. Where information is missing, the defagsumption is that risk will be set
high. Details of the PSA method are described énatcompanying ERAEF Methods
Document. Stakeholders can provide input and stiggsson appropriate attributes,
including novel ones, for evaluating risk in thesific fishery. The attribute values for
many of the units (e.g. age at maturity, depth eangean trophic level) can be obtained
from published literature and other resources &igntific experts) without full
stakeholder involvement. This is a consultatiothef published scientific literature.
Further stakeholder input is required when theimiabry gathering of attribute values
is completed. In particular, where information issmng, expert opinion can be used to
derive the most reasonable conservative estimateXample, if the species attribute
values for annual fecundity have been categorisddw, medium and high on the set
[<5, 5-500, >500], estimates for species with nadan still be made. Estimated
fecundity of a species such as a broadcast-spaviismgvith unknown fecundity, is still
likely greater than the cutoff for the high fecuydiategorization (>500). Susceptibility
attribute estimates, such as “fraction alive wharded”, can also be made based on
input from experts such as scientific observer® fiial PSA is completed by scientists
because access to computing resources, databadgepgramming skills is required.
Feedback to stakeholders regarding comments retdiuweng the preliminary PSA
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consultations is considered crucial. The final ltssare then presented to the
stakeholder group before decisions regarding L8aek made. The stakeholder group
may also decide on priorities for analysis at Leel

Level 3

This stage of the risk assessment is fully-quantéaand relies on in-depth scientific
studies on the units identified as at medium oaigrerisk in the Level 2 PSA. It will be
both time and data-intensive. Individual stakehddee engaged as required in a more
intensive and directed fashion. Results are predantthe stakeholder group and
feedback incorporated, but live modification is nonsidered likely.

Conclusion and final risk assessment report

The conclusion of the stakeholder consultation @seavill result in a final risk
assessment report for the individual fishery acogrtb the ERAEF methods. It is
envisaged that the completed assessment will bgtedidy the fishery management
group and used by AFMA for a range of managemergqaes, including to address the
requirements of the EPBC Act as evaluated by Deyant of the Environment and
Heritage.

Subsequent risk assessment iterations for a fishery

The frequency at which each fishery must reviseupthte the risk assessment is not
fully prescribed. As new information arises or ngerment changes occur, the risks can
be reevaluated, and documented as before. Theyist@nagement group or AFMA
may take ownership of this process, or scientificstltants may be engaged. In any
case the ERAEF should again be based on the iripl dull set of stakeholders and
reviewed by independent experts familiar with thecpss.

Each fishery case study will be revised at leastyefour years or as required by

Strategic Assessment. However, to ensure thatreciiothe intervening period do not

unduly increase ecological risk, each year cextdteria will be considered. At the end

of each year, the following trigger questions sbdag considered by the MAC for each

sub-fishery.

» Has there been a change in the spatial distribati@ffort of more than 50%
compared to the average distribution over the pres/four years?

* Has there been a change in effort in the fishemaife than 50% compared to the
four year average (e.g. number of boats in thefigR

* Has there been an expansion of a new gear typenfigaration such that a new
sub-fishery might be defined?

. Responses to these questions should be tabled eglévant fishery MAC each
year and appear on the MAC calendar and work pnogifthe answer to any of these
trigger questions is yes, then the sub-fishery hbe reevaluated.
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2. Methodology

The focus of analysis is the fishery as identifigdhe responsible management
authority. The assessment area is defined by sherfy management jurisdiction within
the AFZ. The fishery may also be divided into sighvries on the basis of fishing
method and/or spatial coverage. These sub-fishehiesld be clearly identified and
described during the scoping stage. Portions o$tloping and analysis at Level 1 and
beyond, is specific to a particular sub-fisheryeTishery is a group of people carrying
out certain activities as defined under a managéepian. Depending on the
jurisdiction, the fishery/sub-fishery may includeyaombination of commercial,
recreational, and/or indigenous fishers.

Section 2 outlines the ERA methods for each levepsg, Level 1 and Level 2,
together with instructions, proforma documents examples required to complete an
ERA as follows:

» Executive summary

» Stakeholder engagement (2.1)

* Scoping (2.2)

* Level 1 Scale, Intensity and Consequence Analgsg (

* Level 2 Productivity and Susceptibility Analysis4?

» Level 3 review of research work done at this 1€2¢€5b)
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Executive Summary: an example of an assessment

Fishery: Southern and Eastern Scalefish and Shahlery (SESSF)
Sub-Fishery: otter trawl component of Commonwealtdowl Sector

Assessment Method

This assessment of the ecological impacts of ttez ttawl fishery was undertaken
using the ERAEF method version 9.2. ERAEF stand8Hoological Risk Assessment
for Effect of Fishing”, and was developed jointly BSIRO Marine and Atmospheric
Research, and the Australian Fisheries ManagemathioAty. ERAEF provides a
hierarchical framework for a comprehensive assessofehe ecological risks arising
from fishing, with impacts assessed against fivdagical components — target species;
by-product and by-catch species; threatened, erded@nd protected (TEP) species;
habitats; and (ecological) communities.

ERAEF proceeds through four stages of analysigiagpan expert judgement based
Level 1 analysis (SICA — Scale Intensity Consegaeghnalysis); an empirically based
Level 2 analysis (PSA — Productivity Susceptibilgalysis); and a model based Level
3 analysis. This hierarchical approach providesst-efficient way of screening

hazards, with increasing time and attention palgl tmthose hazards that are not
eliminated at lower levels in the analysis. Risknagement responses may be identified
at any level in the analysis.

Application of the ERAEF methods to a fishery cantwought of as a set of screening
or prioritization steps that work towards a fullaaptitative ecological risk assessment.
At the start of the process, all components areraed to be at high risk. Each step, or
Level, potentially screens out issues that arewfdoncern. The Scoping stage screens
out activities that do not occur in the fisheryvekl screens out activities that are
judged to have low impact, and potentially scremmswvhole ecological components as
well. Level 2 is a screening or prioritization pess for individual species, habitats and
communities at risk from direct impacts of fishifidne Level 2 methods do not provide
absolute measures of risk. Instead they combirrimdtion on productivity and
exposure to fishing to assess potential risk tdhm used at Level 2 is risk. Because of
the precautionary approach to uncertainty, thelidb@imore false positives than false
negatives at Level 2, and the list of high riskcége or habitats should not be
interpreted as all being at high risk from fishihgvel 2 is a screening process to
identify species or habitats that require furtimestigation. Some of these may require
only a little further investigation to identify theas a false positive; for some of them
managers and industry may decide to implement aagaanent response; others will
require further analysis using Level 3 methods,civlilo assess absolute levels of risk.

This assessment of the SESSF otter trawl fishetydies the following:
» Scoping
» Level 1 results for all components
» Level 2 results for the three species componentsf@ habitats
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Level 3 assessments (quantitative stock assessnhents been undertaken for a
number of the target species, but are not fornpaly of the ERA and are not reported
here.

Fishery Description

Gear: Otter trawl (minimum 90mm cod-end)

Area: Barrenjoey Point (Sydney) to Cape Jervis (Ade)

Depth range: 20 to 1300m

Fleet size: 100 vessels (76 active in 2005)

Effort: Approximately 40,000 shots per year

Landings: 19,065 t in 2005

Discard rate: Quota species 8%; non-quota spe&iEs(8003)

Main target species: flathead, morwong, redfistg,lblue grenadier, orange roughy
Management: Quota management system for 34 spsoiess

Observer program:  ISMP program operating since 18@Ds

Ecological Units Assessed

Target species: 28
By-product species: 95
Discard Species: 276
TEP species: 201
Habitats: 158
Communities: 33

Level 1 Results

No ecological components were eliminated at Levghére was at least one risk score
of 3 — moderate — or above for each component).

A number of hazards (fishing activities) were ehatied at Level 1 (risk scores 1 or 2).
Those remaining included:

» Fishing (direct and indirect impacts on all 5 egital components)

» Gear loss (impact on TEP species)

» Translocation of species (impact on habitats)

» Discarding catch (impact on TEP species)

» Navigation/steaming (impact on target species)

» Activity/presence on water (impact on target speeied communities)

» Fishing through physical disturbance (impact onitagdhand communities)

Significant external hazards included other fisk®in the region, coastal development,
and other extractive activities.

Risks rated as major or above (risk scores 4 aresg all related to direct or indirect
impacts from primary fishing operations. Severeawtp (risk score 5) were confined to
habitats and byproduct/bycatch species.
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Impacts from fishing on all species components@ntabitats were assessed in more
detail at Level 2.

Level 2 Results

Species

There were 600 species assessed at Level 2 ugi®A analysis. Of these, 159 were
assessed to be at high risk, including 15 targetisp, 39 by-product species, 99 by-
catch species, and 6 TEP species. By taxa, therisigspecies comprised 58
chondrichthyans (sharks and rays), 96 teleostsefpbshes), 4 marine birds, and 1
marine mammal. Of the 600 species assessed at 2egrbert over rides were used
on 166 species. Of the 159 species assessed tdigh aisk, 4 had more than 3
missing attributes.

All the target species are managed through theaggystem, and the recent introduction
of strict harvest strategies for this group shquriovide the foundation for ongoing
sustainability of catches into the future. Of th€EP species assessed to be at high risk,
the four birds are at high due to lack of inforroatiThe single marine mammal at high
risk (Australian fur seal) has low productivity anidh susceptibility. It is captured by

the fishery, but its overall population has incezhi recent years (Stewardson and
Knuckey (2005)). The single TEP teleost at higk issthe spiny pipehorse, which is
occasionally found entangled in fishing gear (46estsations in 2004).

The main ecological sustainability issue for spgeippears to be a number of teleost
and chondrichthyan species taken as by-producbguétch in the fishery. In general,
the chondrichthyan species are at high risk becaiuesv productivity, and the teleost
species because of high exposure to fishing (highgation of range within the fishery,
live in habitats that are likely to encounter tie&g and are the right size to be selected
by the fishery).

Habitats

158 habitats were assessed at Level 2 using thahBRISA analysis. Habitat types were
classified based on substratum, geomorphologydandnant fauna, using
photographic data. Of the 158 habitat types, 4@wassessed to be at high risk, 58
medium, and 54 low. Of the high risk habitats, naeee found on the inner shelf (0-
100m), 18 were on the outer shelf (100-200m), 1&wa the upper slope (200-700m),
and 16 were on the mid slope (700-1500m). Thesthaepegories are somewhat
different from those used for species.

High risk mid slope habitats include several catiegoof hard bottom (but still
accessible to trawl gear) with delicate epifaunasesting of octocorals, crinoids, small
sponges, and sedentary animals. There are alsmabgyees of soft bottom habitat that
support large, erect or delicate epifauna. Habahteamount and canyon features occur
at this depth zone.
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High risk habitats on the upper slope also inclseleeral hard bottom types, in this case
dominated by large sponges not seen on the mie sldgere are also several soft
bottom habitats based on bryozoan communities wdniehrestricted to a narrow zone
near the shelf break. Habitats of canyon featucesraat this depth zone.

High risk habitats on the outer shelf include sefiment seabed types interspersed
with harder bottom supporting large sponges, meg@thuna, and the bryozoan
communities at the shelf break.

Communities

The community component was not assessed at LeeeltBe otter trawl sub-fishery,
but should be considered in future assessments thleanethods to do this are fully
developed.

Summary

Two key issues emerge from the ERAEF analysis®@SBSSF otter trawl fishery. Both
are related to direct impacts from fishing, onecertain vulnerable benthic habitats, and
the other on a suite of byproduct and bycatch sgawot currently managed directly
through the quota management system. For both tmesponents, there are species or
habitats at risk across a broad range of depthis) fhe outer shelf to the lower slope
(with some inner shelf species also at risk).

Managing identified risks

Using the results of the ecological risk assessntieatnext steps for each fishery will

be to consider and implement appropriate managerasponses to address these risks.
To ensure a consistent process for respondinget&®A outcomes, AFMA has
developed an Ecological Risk Management (ERM) fraor&.

2.1 Stakeholder Engagement

2.1 Proforma: Summary Document SD1. Summary of staholder involvement for fishery [INSERT
FISHERY NAME]

Case study | Type of stakeholde| Date of Composition of | Summary of outcome
stage interaction stakeholder stakeholder
interaction group (names
or roles)
Scoping Phone calls and e.g. AFMA e.g. Information considered
email fishery sufficient to move to Level L
manager,
AFMA logbook
manager
Review by fishers e.g. Executive | e.g. April 24, feedback on
Officer of preferred objectives was
fishery provided
distributed to Hazards agreed on.
fishers
Level 1 Workshop e.g. MAC e.g. Debated the credible
(SICA) (managers, scenarios, and required
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Case study | Type of stakeholde| Date of Composition of | Summary of outcome
stage interaction stakeholder stakeholder
interaction group (names
or roles)
fishers, science} explanation of the
environment) | consequence scoring
Workshop e.g. MAC e.g. Agreed that Level 1 is
(managers, acceptable
fishers, science
environment)
Level 2 Email e.g. Fred e.g. Supplied estimates of
(PSA) Expert age at maturity for 64 shark
species without published
ages
Workshop e.g. MAC E.g. Contributed exert
(managers, judgments on missing

fishers, science
environment)

attributes. Agreed that
Level 2 is acceptable
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2.2 Scoping

The aim in the Scoping stage is to develop a wdilthe fishery being assessed. This
provides information needed to complete Levelsd zand at stakeholder meetings.
The focus of analysis is the fishery, which maylh&ded into sub-fisheries on the basis
of fishing method and/or spatial coverage. Scopinglves six steps:

Step 1 Documenting the general fishery characiesi§®.2.1)

Step 2 Generating “unit of analysis” lists (spechesbitat types, communities)
(2.2.2)

Step 3 Selection of objectives (2.2.3)

Step 4 Hazard identification (2.2.4)

Step 5 Bibliography (2.2.5)

Step 6 Decision rules to move to Level 1 (2.2.6)

Instructions: Scoping documents to be completed are
Stepl General Fishery Characteristics - Scopingmeat S1
Step 2 Unit list (target, byproduct/bycatch, TERbitats, communities)
Scoping document S2
Step 3 Identification of Objectives - Scoping do@emnS3
Step 4 Hazard identification — Scoping document S4
Step 5 Bibliography

2.2.1 General Fishery Characteristics (Step 1).

The general fishery characteristics document pes/areference for discussions and
clarification of analysis for Levels 1 and 2 atkstiaolder meetings.

The information used to complete this step may ctrora a range of documents as
listed below and any other relevant background dwmis. The level and range of
information available will vary. Some fisheries/siigheries will have a wide range of
reliable information, whereas others may have Bohinformation.

Key documents can be found on the AFMA web pagevat.afma.gov.awand include
the following:

¢ Assessment Report

* Management Plan

* Management Regulations

* Management Plan and Regulation Guidelines

* AFMA At a glance web page

http://www.afma.gov.au/fisheries/etbf/at _a_glanbe.p
* Bycatch Action Plans
» Data Summary Reports (logbook and observer)

Other publications that may provided informationlirde
* BRS Fishery Status Reports
» Strategic Plans

Information may also be obtained from:
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Experts al

Once the above
completed.

Scoping Document

Fishery Name

nd other key people

information has been obtained tleviog proforma document can be

S1 General Fishery Characteristics

Date of assessment

Assessar

General Fishery Characteristics

Fishery Name

Sub-fisheries

Identify sul-fisheries on the basis of fishing method/area.

Sub-fisheries
assessed

'The sub-fisheries to be assessed on the basghofdimethod/area in this report.

Start date/history

Provide an indication of the length of time théaéisy has been operatin

Geographic extent
of fishery

'The geographic extent of the managed area of sherfy. Maps of the managed area
distribution of fishing effort should be includedthe detailed description below, or
appended to the end of this table.

Regions or Zones
within the fishery

IAny regions or zones used within the fishery fonaga@menpurposes and the reason
these zones if known

Fishing season

\What time of year does fishing in each sub-fisleegur?

Target species and
stock status

Species targeted and where known stock status.

Bait Collection and

Identify bait species arsource of bait used in the subfishery. Describenou of

usage setting bait and trends in bait usage
Current 'The number of current entitlements in the fishBigte latent entitlements.
entitlements Licences/permits/boats and number ac

Current and recent
TACs, quota trends
by method

'The most recent catch quota levels in the fishgrjshing method (sub-fishery).
Summary of the recent quota levels in the fishgrygdhing method (sub-fishery).In tal
form

Current and recent
fishery effort trends
by method

'The most recent estimate of effort levels in tieefiy by fishing method (sub-fishery).
Summary of the recent effort trends in the fistgrfishing method (sufishery). In tabl
form

Current and recent
fishery catch trends
by method

'The most recent estimate of catch levels in therfisby fishing method (sub-fishery)
(total and/or by target species). Summary of tteeng catch trends in the fishery by
fishing method (si-fishery). In table form

Current and recent
value of fishery ($

Notecurrent and recent value trends by sub-fishertabie form

Relationship with
other fisheries

Commercial and recreational, state, national antkinational fisheries List other
fisheries operating in the same region any intdoans

restrictions

Gear

Fishing gear and  |Description of the methods and gear in the fishamwgrage number days at sea per t
methods

Fishing gear IAny restrictions on ge

Selectivity of gear
and fishing methods

Description of the selectivity of the -fishery methods

Spatial gear zone
set

Description where gear set i.e. continental stehElf break, continental slope (ran
nautical miles from shore)

Depth range gear
set

Depth range gear set at in met

How gear set

Description how set, pelagic in water coln, benthic set (weighted) on seabed

/Area of gear impact
per set or shot

Description of area impacted by gear per set (squaetres

e
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Capacity of gear

Description numbehooks per set, net size weight per trawl shot

Effort per annum
all boats

Descripion effort per annum of all boats in fishery by tshar sets and hooks, d for all
boats

Lost gear and ghost
fishing

Description of how gear is lost, whether lost gearetrieved, and what happens to g
that is not retrieve, and impacts of ghost fishing

Issue

Target species issu

23St any issue, including biological information such as spawnsggason and spawnin
location, major uncertainties about biology

Byproduct and List any issues, as for the target spe above

bycatch issues and

interactions

TEP issues and List any issue This section should consider all TEP species gsoagarine mammals,
interactions chondrichthyans (sharks, rays etc.), marine reptikeabirds, teleosts (bony fishes),

include any key spawning/breeding/aggregation liotet that might overlap with the
fishery/sul-fishery.

Habitat issues and
interactions

List any issues for any of the habitat units idgedi in Scoping Document S1.2. This
should include reference to any protected, threadeor listed habitats

Community issues
and interactions

List any issues for any of the community unitstifled in Scoping Document S1.2.

Discarding

Summary of discarding practices by sub-fishenjuisiag bycatch, juveniles of target
species, high-grading, processing at sea.

Management: plann

ed and those impleme

Management 'The management objectives from the most recentgeament plan
Objectives
Fishery Is there a fisheries management plan is it in tla@mping stage or implemented what :

management plan

the key features

Input controls

Summary of any input controls in the fishery, Bngited entry, area restrictions
(zoning), vessel size restrictions and gear retitrits. Primarily focused on target
species as other species are addressed below.

Output controls

Summary of any output controls in the fishery, @umptas. Effort days at sea. Primarily
focused on target species as other species arecagéd beloy

Technical measures

iISummary of any technical measures in the fishegy seze limits, bans on females,
closed areas or seasons. Gear mesh size, mitigateasures such as TEDs. Primarily
focused on target species as other species aresaged beloy

Regulations

Regulations regarding species (bycatch and byprodUeP), habitat, and communiti
Marpol and pollution; rules regarding activities at seach as discarding offal and/or
processing at se

Initiatives and
strategies

BAPs; TEDs; industry codes of conduct, MPAs, Res

Enabling processes

Monitoring (logbooks, observer data, scientific\ays); assessment (stock assessme
performance indicators (decision rules, processesypliance; education; consultatic
proces

Other initiatives or

State, national or international conventions or egments that impact on the

agreements management of the fishery/sub-fishery being evatuat
Data
Logbook data \Verified logbook data; data summaries describe pgogne

Observer data

Objective observer programme; describe parameteyg; many years run; coverage -
random or full coverage; comments on interactioiith wpecies; observer training,
species identification, and length of service tadsummaries

Other data

Studies, surveys

2.2.2 Unit of Anal

lysis Lists (Step 2)

There are three categories of units; species,dtatahd communities.
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Establish which units of analysis should be considdor a particular sub fishery.
Units of Analysis form the basis of the Level 1afcintensity and Consequence
Analysis (SICA) and Level 2: Productivity and Systileility Analysis (PSA). These
lists are presented to stakeholders for verificatio

The methods of identifying unit of analysis for gpecies, habitats and communities are
outlined below:

Identification of Units: Species (Target, Byproduct/Bycatch, TEP)

Identification of species units (target, bycatcipfoguct and TEP species) potentially
impacted by fishery activities is part of the sempprocess. Identification of target,
bycatch and byproduct species impacted in therfysiseoften possible through existing
data and reports. Potentially impacted TEP speciesften poorly documented,
perhaps as not all interactions result in deatls,th wide variety of sources and experts
should be consulted to generate potential speEigsert judgment and anecdotal
evidence is also used to compile this prelimingmcges list. Stakeholders are then
consulted, individually and at fishery managemeagtimgs, on the preliminary list and
additions and deletions made, with rationale reeoridr the particular decisions.

Each species identified during the scoping is addede ERAEF database used to run
the Level 2 analyses. A CAAB code (Code for AustiralAquatic Biota) is required to
input the information. The CAAB codes for each speenay be found at
http://www.marine.csiro.au/caab/

Target speciefsub-fishery]

List the target species of the sub- fishery. Tigisi$ obtained by reviewing all available
fishery literature, including logbooks, observgsors and discussions with
stakeholders. Target species are as agreed bigltieeyf.

Byproduct speciefsub-fishery]

List the byproduct species of the sub- fishery. ®Byoict refers to any part of the catch
which is kept or sold by the fisher but which ig adarget species. This list is obtained
by reviewing all available fishery literature, inding logbooks, observer reports and
discussions with stakeholders.

Discard speciefsub-fishery]
List the discard (bycatch) species (excluding TR&cges) of the sub-fishery. Bycatch as
defined in the Commonwealth Policy on Fisheriesa®gias 2000 refers to:
» that part of a fisher’s catch which is returnedh® sea either because it has no
commercial value or because regulations preclubeiitg retained; and
» that part of the ‘catch’ that does not reach thekdmut is affected by interaction
with the fishing gear

However, in the ERAEF method, the part of the taogdoyproduct catch that is
discarded is included in the assessment of thettargoyproduct species. The list of
bycatch species is obtained by reviewing all akégldishery literature, including
logbooks, observer reports and discussions wittebtzders.
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TEP species [sub-fishery]

List the TEP species that occur in the area osthlefishery. Highlight species that are
known to interact directly with the fishery. TEResfes are those species listed as
Threatened, Endangered or Protected under the FRBC

TEP species are often poorly listed by fisheries ulow frequency of direct
interaction. Both direct (capture) and indirecg(éood source captured) interaction are
considered in the ERAEF approach. A list of TEPc&g®has been generated for each
fishery and is included in the PSA workbook spetigsThis list has been generated
using the DEH Search Tool from DEH home phtip://www.deh.gov.au/

For each fishery, the list of TEP species is coetpbly reviewing all available fishery
literature. Species considered to have potentigitevact with fishery (based on
geographic range & proven/perceived susceptitititihe fishing gear/methods and
examples from other similar fisheries across tiobg) should also be included.

Identification of Units: Habitats

The Ecological Risk Assessment for the Effectsishifg (ERAEF) addresses habitat
as one of five components of the ecosystem. Hatbétined simply is the “place where
an organism lives” (Bax et al.1999). Habitat notyaepresents the fundamental
ecological unit in which species interact, butis matrix that supports an essential
range of ecological processes which sustain eaasysealth. The loss or impairment of
habitat integrity therefore results in direct imfaio species, communities and
ecosystem structure and function (Bax & William®20Bax et al.1999).

Pelagic habitat is typically the water-column aediried on the basis of Pelagic
Regionalisation (Commonwealth of Australia, 20@8)d ERAEF Community
Component definitions (ERAEF Methodology, 2006)tdan the types and
distributions of benthic habitat in Australia’s Comanwealth fisheries are generally
sparse. As a result, this methodology has beerneabial the classification system
derived for South Eastern Habitat daaad formulated around image data availability
and project requirements including delivery timeinThe ERAEF methodology is
designed to assess habitat risk to a range ofigesiassociated with fishing. Its
objective is to create a broad assessment whicbeapplied generically to the great
variety of habitats occurring within Commonwealghery areas that extend from
tropical to sub-Antarctic water masses over 1138mditude and 46° of latitude. The
basic unit is a habitat type, defined as eitheagiel(encompassing the water-column),
or benthic (the seafloor structure including itaehed invertebrate fauna).

Scoping involves identifying the habitat units pgs’) occurring within the
jurisdictional boundary of the (sub) fishery. Tredgmic habitats considered are as
delineated by the pelagic boundaries describeth®bERAEF Communities
ComponentFigure 3). These are adapted from the Bioregionalisati@fept which

! Habitat data acknowledgements: CMAR video surfeys Southeastern Australia
(1994- 2001), Great Australian Bight (SS200001,®527, SS200510), A. Williams,
B. Barker, F. Althaus.
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defines pelagic provinces based on oceanograpbpepies in relation to their depth
and proximity to land, and underlying water mag3edble 1).

Northern

- North Eastern

. Southern

Figure 3. Boundaries of Australian pelagic provinces including communities, defined by region and
depth (Bulman et al., unpublished).

Table 1. Australian pelagic provinces and communiéis used in ERAEF.

Pelagic Province Community Depth range

Eastern Coastal pelagic 0 200
Oceanic (1) 0 600
Oceanic (2) >600 depth at EEZ
Seamount oceanic (1) 0 600
Seamount oceanic (2) > 600

Southern Coastal pelagic Tas 0 200
Coastal pelagic GAB 0 200
Oceanic (1) 0 200
Oceanic (2) 200 600
Oceanic (3) >600 depth at EEZ
Seamount oceanic (1) 0 200
Seamount oceanic (2) 200 600
Seamount oceanic (3) >600

Western Coastal pelagic 0 200
Oceanic (1) 0 400
Oceanic (2) >400 depth at EEZ

Northern Coastal NWS 0 200
Coastal Bonaparte 0 200
Coastal Arafura 0 200
Coastal Gulf 0 200
Coastal East Cape York 0 200

Northwestern Oceanic (1) 0 800
Oceanic (2) >800 depth at EEZ

Northeastern Coastal 0 200
Oceanic (1) 0 600
Oceanic (2) >600 depth at EEZ
Plateau (1) 0 600
Plateau (2) >600 depth at EEZ




Scoping

18

Pelagic Province Community Depth range
Seamount oceanic (1) 0 600
Seamount oceanic (2) >600 depth at EEZ

Heard/McDonald Islands Heard Plateau 0 1000
Oceanic (1) 0 1000
Oceanic (2) >1000 depth at EEZ

Macquarie Island Coastal 0 250
Oceanic (1) 0 1600
Oceanic (2) >1600 depth at EEZ

Identifying benthic habitat types that occur withinstralia’s Exclusive Economic Zone
has proved challenging due to the dispersed andblamature of habitat data
generally. Whatever data does exist varies in tgpale, quality and consistency, and
perhaps most importantly, accessibility. To date tmethods exist that direct the
construction of habitat scoping lists, Scoping Metii: requires image data, or Scoping
Method 2: no image dat&igure 4). The method used in the absence of image data is
precautionary, and may contain habitat types thathe eliminated from consideration
as additional data becomes available.

Scoping
|4 Habitat List
Method 1
fes
Habitat images Level 1 ,| Level 2
available? (SICA) (PSA)

N Habitat List
Method 2

Figure 4. Generating the list of habitat types (uris of analysis) for the ERAEF habitat component
depends on the availability of images. Two methodse thus possible for the Scoping stage.
Thereafter, the same process is applied.

Method 1 for identifying habitat types

The preferred methodology (Habitat Scoping Methpis tonstructed around digital
image data from various (CSIRO) video surveys wihiabe provided a wide range of
information for temperate Australian seafloor hatsit and underpinned the
development of the methodolodyigure 5).
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Scoping (using images)

Step 1. Step 2.

Use image data to derive habitat type Score for...
Habitat list SGF score
gravel, debris flow, no fauna Substratum
mud, irregular, bioturbators Geomorphology
mud, unrippled, bioturbators Fauna

mud, unrippled, encrustors

mud, unrippled, large sponges
mud, unrippled, sedentary \ Step 3.

Sedimentary rock, low outcrop, large sponges Determine depth zone and location
Sedimentary rock, low outcrop, small sponges

Sedimentary rock, subcrop, octocorals Biome

coarse sediments, current rippled, no fauna Coastal margin (0-25m)
coarse sediments, current rippled, octocorals Shelf (25-200m)

cobble, debris flow, crinoids Slope (200-2000m)
slabs/ boulders, debris flow, octocorals Abyss (>2000m)

fine sediments, unrippled, no fauna Sub biome

Igneous rock, high outcrop, octocorals Coastal (<25 m)

coarse sediments, irregular, bioturbators Inner shelf (25-100 m)
coarse sediments, irregular, sedentary Outer shelf (100-200 m)
coarse sediments, unrippled, small sponges Upper slope (200-700 m)
Sedimentary rock, debris flow, crinoids Mid-slope (700-1500 m)
Sedimentary rock, high outcrop, octocorals Feature

Sedimentary rock, subcrop, crinoids Seamounts

Bryozoan based commmunities Canyons

fine sediments, irregular, bioturbators Abyss

fine sediments, irregular, small sponges Shelf break (~150-300 m)
fine sediments, unrippled, octocorals Sediment plains

Igneous rock, high outcrop, no fauna Sediment terraces

mud, unrippled, no fauna Escarpments

mud, unrippled, sedentary Plains of scattered reef
Sedimentary rock, subcrop, crinoids / Large rocky banks

Sedimentary rock, subcrop, small sponges

Figure 5. Habitat Scoping Method 1: used to deriva list of habitats when images of habitat type
are available (Habitat list at Step 1 is a represdative example only). Steps 1-3 outline information
required.

To divide a continuous benthos into discrete habyges requires a classification
scheme. Currently there is no universally accepttthic classification scheme,
although some provide terminology or structures #ina widely used (e.g. Greene et al.
1999, Roff & Taylor 2000, Kostylev et al. 2001).rFoost fisheries, Scoping Method 1
can be applied (Figure 5). This requires a reptasiga sample of still images that have
been extracted from video taken within the fishemga, and matching data acquired
from the images using the habitat classificatidmesee of Kloser et al. (2000) adapted
by Althaus and Barker (unpublished 200balfle 2).
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Table 2. SGF Scoring Categories: Substratum (S), ®morphology (G), Fauna (F). Each category describesgradient of classes, recognised in temperate
southeastern waters. Where it has been apparent théhese do not adequately describe habitats found western, northern, northeastern or sub-antarctic
waters, categories have been expanded to accommaeladditional data. Note: only attached invertebrate are considered within habitat, therefore the faual
class for mobile species (8) is excluded here. Mbbenthic species are considered within the commiiyp component (modified from Althaus and Barker,
unpublished 2005).

SUBSTRATUM GEOMORPHOLOGY FAUNA
NAME
code | (hardness) DESCRIPTION code | NAME DESCRIPTION code | NAME DESCRIPTION
0 Mud (soft) Very fine mud sediments. At 0 Unrippled/Flat The seafloor sediment 0 No fauna No apparent epifauna or
times it is difficult to discern topography is generally flat infauna
between what could be mud with no significant sign of
(approx. <0.1 and the next level of this field rippling due to currents, wave
mm) (fine sediments). Mud has a action or intensive bioturbation
silt-like, soft appearance and
may appear flat or irregular in
topography. Easily stirred up
with contact, significantly
contributes to turbidity
1 Fine sediments Sediments still appear to be 1 Current rippled/ Sediment rippling in the 1 Large/erect Large and/or erect sponges
(soft) very fine but with a slightly directed scour topography due to currents. sponges dominate aggregated
coarser appearance than The pattern of rippling can be epifauna. Often associated
(approx 0.1-1 mud. This may mean a mixed uniform continuous waves or with hard bottom, on either
mm) composition of mud and of stippled irregular pattern subcropping or outcropping
slightly larger clasts (fine throughout. Current rippled rock, consolidated sediments
sands), but with the also applies for areas where or substantial exposed
appearance of being more the sediments have been patches of "hard" substrata.
stable (less likely to be swept scoured around the edges of .
away by moderate currents or consolidated substratum. In (solitary large sponges
existing in a high energy, the case of regular continuous included in this category)
wave affected area). current ripples, the profile of
the topography is such that it
appears as though the lee side
of the mound is steeper than
that of the side facing the
direction of the current.
2 Coarse sediments | Sediments consist of, or 2 Wave rippled Topography showing signs of 2 Small/low Small or low & encrusting
(soft) contain a significant rippling due to wave base sponges sponges dominate potentially
proportion of larger clasts action. The forward and back mixed fauna. Associated with
(@pprox 1-4 mm) | han that of the fine wave action causes these "hard" substrata. Also
sediments. These clasts may ripples to be similar in profile includes the small, low
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SUBSTRATUM GEOMORPHOLOGY FAUNA
NAME
code | (hardness) DESCRIPTION code | NAME DESCRIPTION code | NAME DESCRIPTION
range from a coarse sand on both sides of the ripple. standing sponges sometimes
matrix through to larger seen on apparently "soft"
fragments of shell/ biogenic substratum.
debris distributed throughout .
finer sediments. (solitary small sponges
included in this category)
3 Gravel/pebble Substratum consists of 3 Irregular The topography is highly 3 Mixed faunal Mixed, attached, invertebrate
(hard) sediments that include of a irregular with no regular community community of diverse
significant proportion of larger patterning suggestive of composition and morphology.
(@pprox 4-60 mm) | ¢|asts. These clasts may be currents or wave action. Characteristically dominated
biogenic in origin i.e. larger Mounds and depressions by large or erect species.
dead shell/ bryozoan/ coral consistently across the Includes all taxa, typically,
debris or larger clasts of a seafloor are considered to be octocorals, bryozoans, large
terriginous origin. The gravel/ due to heavy bioturbation or, in compound/colonial ascidia,
pebble class provides points some areas, structure created sponges, other hard corals ,
for attachment of faunas i.e. by bryozoan thickets. sponges, and encrusting
small encrusting sponges forms.
and bryozoans. There are
times that this class is
extrapolated to areas with a
generally finer substratum
class but with sometimes
subtle, just discernible
attached communities in the
imagery — evidence for
hardness.
4 Cobble/boulder/sl | Observed clasts are larger in 4 Debris flow /rubble | There is evidence of larger 4 Crinoids Stalked crinoids dominate the
ab (hard) dimension than that of banks substratum clasts faunal composition of the
gravel/pebble. A broad range (gravel/pebble, habitat. They tend to be
(@pprox 60 mm — | ot c|ast sizes ranging from a cobble/boulder) existing in associated with hard
3m) clast of about cricket ball size flows or banks. The area is substratum for attachment,
to that of a clast of the characterized by a large typically sedimentary slabs or
approximate size of a small number of these clasts being boulders. Filter feeders that
car. ‘Slabs’ are flat boulders visible in the area. At times the inhabit areas with relatively
of friable sedimentary rock. exposed edges of the flow or high currents, in a distinct
bank provide an insight into depth range.
\t/;/]l;a\t/igirr?itt);lbly IS oceurmng in (solitary stalked crinoids also
included inthis class)

21
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SUBSTRATUM GEOMORPHOLOGY FAUNA
NAME
code | (hardness) DESCRIPTION code | NAME DESCRIPTION code | NAME DESCRIPTION
5 Igneous/ Consolidated substratum that 5 Subcrop Applies where either 5 Octocorals Octocorals dominate
Metamorphic is more extensive than consolidated substratum (rock) ) potentially mixed fauna.
Rock boulders. This class is used is protruding from surrounding (gorgonians, Commonly, seawhips on soft
where hard e.g. granite, sediments, or where there are seawhips, soft grounds, Gorgonians and soft
(>3 m) dolerite or volcanic rock is signs of consolidated corals) corals tending to be
observed. The substratum underlying a associated with "hard"
geomorphology of the sediment veneer. Often bottom e.g. outcropping or
general area is taken into appears as intermittent subcropping rock/ biogenic
consideration based on other protrusions of this "hard" base. Dominants in relatively
observations. substratum and areas in shallow zones in warmer
between covered with finer waters, and in cool temperate
sediments. Extrapolation of waters, in deeper waters
this class is applied in areas (200- 1500m) e.g gold
where it is considered that the corals.
underlying subcrop prevails, .
generally with larger attached (solitary octocorals also
faunas evident. scored 5)
6 Sedimentary Consolidated substratum that 6 Low Outcrop Low relief outcrops (less than 6 Low encrustings | Mixed small/ low encrusting
Rock is more extensive than 1 m in height) without any invertebrate community.
boulders. This class is used (no holes or holes and cracks. This class is Fauna includes the bryozoa,
(>3m) where e.g. sandstones, cracks) distinguished by a protrusion ascidiacea, noncoralline
mudstones, and limestones of consolidated substrate algae, tube worms and other
are observed. The forming either a sheer edge or molluscs attached via abyssal
geomorphology of the undercut, or without an threads. This category also
general area is taken into appreciable undercut. Slabs includes unique Bryozoan
consideration based on other are included under 6. communities, typically from
observations, however, where the shelf-break (150-300m).
rock type is unclear, this
class becomes the default.
7 Biogenic Consolidated substratum that 7 Low Outcrop Low relief outcrops (less than 7 Solitary / Solitary sedentary/ sessile
is more extensive than ) 1 m in height) with holes and sedentary epifauna (i.e. individuals).
boulders. This class is used (with holes and cracks. This class is Examples include seapens,
where subtratum of biogenic cracks) distinguished by a protrusion ascidians, other taxa.
calcium carbonate of consolidated substrate .
(limestone) is observed e.g forming either a sheer edge NOT sponges, crinoids or
Depositions of skeletal with holes and cracks and other octocorals (they are
material forming coral reef undercuts. scored as above)
base or biogenic sediments
as irregular sized debris. The




Scoping

SUBSTRATUM GEOMORPHOLOGY FAUNA
NAME

code | (hardness) DESCRIPTION code | NAME DESCRIPTION code | NAME DESCRIPTION
fauna and geomorphology of
the general area is taken into
consideration based on other
observations.

X Not described Specifically associated with 8 High Outcrop High relief outcrops (more 9 Bioturbators Distinct infaunal bioturbators

Bryozoan Communities.
Substratum unidentified,
however are based on ‘soft’
sediments around the shelf
break.

(no holes or
cracks)

than 1 m in height) without any
holes and cracks.
Distinguished by a protrusion
of consolidated substrate
forming either a sheer edge or
undercut, or without an
appreciable undercut.

that are discerned by the
burrows and tracks over and
in "soft" sediments.
Somewhat of a default class
used where there are "soft"
sediments exhibiting a "highly
irregular" morphology,
indicating the presence of
significant infaunal
bioturbator communities.

9 High Outcrop High relief outcrops (more SG Seagrass Includes all seagrass
) than 1 m in height) with holes ” species, as a distinction from
(with holes and and cracks. Distinguished by a Communities other alga. . Important habitat
cracks) protrusion of consolidated as nursery grounds for fish
substrate forming a sheer and crustacea, and grazing
edge or undercut with holes for threatened species e.g.
and cracks. dugongs.
This is the only algal group
considered due to the overlap
of both the NPF and TSF with
this type of habitat. No other
Commonwealth fisheries
extend into coastal margin
depths where macroalgae
may be the dominant faunal
taxa.
X Not described Specifically associated with HC Hard Corals Hard corals dominate

Bryozoan Communities.
Geomorphology unidentified,
however is based on ‘soft’
sediments around the shelf

potentially mixed fauna.
Typically associated with
"hard" bottom e.g.
outcropping or subcropping
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SUBSTRATUM GEOMORPHOLOGY FAUNA
NAME
code | (hardness) DESCRIPTION code | NAME DESCRIPTION code | NAME DESCRIPTION

break. rock/ biogenic base (e.g.
dead corals). Dominant taxa
in warmer waters. In cool
temperate waters,
scleractinia are included in
the mixed faunal community
category

(solitary hard corals also
scored 5)

BV Bivalve beds Bivalves communities
attached to the substratum by
abyssal threads. Identified as
significant faunal group in the
Gulf of Carpentaria and
Torres Strait.

This classification enables three relevant attebudf benthic habitat to be scored for substratadifnent type), geomorphology (seafloor
topography) and fauna (dominant faunal group). rBlselting combination generates a list of habitatsuor ‘types’ per fishery area e.qg.
‘Habitat type X; Sedimentary rock + subcrop + oct@ats’, based on the definition that includes tbaflor structure and its attached
invertebrate fauna. Although the distributions abitat types are not mapped at fine scales pribetel 3 of the ERAEF, the detailed
information is ‘nested’ within coarser scales aftdbution that enable key characteristics to lberred. For example, habitat types are located
within broad zones of biological distribution — bies and sub-biomes (defined off temperate Austbglia series of depth zones), as well as
prominent geological features, such as submaringors and seamountsigure 5). The features listed in Habitat Scoping Methaatd
discerned from real-time video and acoustic vaidahat

Method 2 for identifying habitat types

In regions and fisheries where image data doesexist, or is unable to be used, an alternativeagmtr to the derivation of habitat types is
applied. The alternative (Habitat Scoping Methods2)ased primarily on geophysical data and GISpmap(Figure 6). Fishery boundaries
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(AFMA 2006) and effort are mapped over bathymeditytiie sub-biomic depth ranges specified in Figdyend Geomorphic units (Harris et
al. 2003). In future, where available, biologicatiayeophysical survey data (e.g. Heap et al. 2@0) catch/ bycatch data (Logbooks and
Observer) can be included. Detail from this mapgirayides some understanding of the substratummggahology and fauna, which

enables a list of potentially available habitatetypo be inferred. This step may be limited toré#s®lution of habitat types as hard or soft
grounds, or include all habitat types that falbithese categories effectively generating a premaary list of available habitats. The intention
is to apply the alternative step only to fishetaeking visual material, and where it is utilizeetalls of the Method 2 will appear in those case

studies.
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Step 1.

Use GIS layers to determine
depth zone and location

Scoping (no images available)

Step 2.
Level of detail.

Fishery Boundary

[—"1spatial scale of fishery

Step 3.

Characterise for...

Bathymetry

|—> Biome

Sub biomic depths

Geomorphic units

Fauna

Source additional data e.g
bycatch, biological surveys

Derive SGF score if possible

Hard & Soft Grounds
Substratum

Geomorphology

Source additional data as
required e.g Acoustic (sediment
type, grain size)

Derive SGF score if possible

Step 4.

Habitat list

Compare to complete list from Habitat
image library.

Derive a precautionary list of habitats at
finest level of resolution possible e.g.
consolidated sediments/ hard grounds
supporting large, erect, rugose, and
inflexible fauna on the outer shelf

L/

|/

abyssal-plain »|Features
apron/fan Features to be be selectively
basin considered e.g:
canyon canyons
continental-rise reefs
deep/hole/valley plateaus
pinnacle seamount/guyot|
plateau Sediment plains
reef Sediment terraces
ridge abyssal-plain
saddle
seamount/guyot| Slope
slope Calculated for features nested
terrace within depth zones
trench/trough

Figure 6. Habitat Scoping Method 2: used in the alence of habitat image data. Steps 1-4 outline inforation utilised to generate a Habitat list.
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Identification of Units: Communities

There can be many interpretations of community fvamy large-scale, ocean basin
species assemblages to the small-scale, sucheslzlages of a single taxon or small-
scale habitat associations such as infaunal invextie communities. Therefore, it was
necessary to be clear that, in the ERAEF contexinsunities on the Australian and
sub-Antarctic islands continental shelves and slopere defined as the species
assemblage that occupy the large-scale provinakébiames generally identified by the
bio-regionalisation projects. These projects usgddpecies’ distributions in
determining the boundaries of the provinces ancetbee have an underlying biotic
basis well-suited to our purposes.

Community biota are classified as all mobile faureatebrate or invertebrate, but not
including sessile organisms such as coral thaiaagely structural and therefore
classified as habitat. In most cases, the genecat@dnunity lists will comprise largely
vertebrate species because information is morelyeadilable for them. The species
lists for the communities assessed in the presRAHE process were compiled initially
from searching the CAAB database (Retal.2005) by string locators for the
“community province” and depth zone. However, thieste were representative of only
demersal or demersally-caught fish species andescollated information from other
sources such as the TEP and target species liis stib-fishery and various literature
sources to complete the lists. However, the ragulists are not necessarily
comprehensive and validation by experts in theoregs desirable.

Define community boundaries

Demersal Communities

The demersal communities boundaries are basededMtbRA boundaries for the
inshore 0-200 m, and on the slope and outer ska@idponalisation for the slope >200
m (IMCRA Technical Group 1998, Last al 2005 respectively) although there is some
overlap between the two schema on the outer shd#cifically, there are nine core
provinces and eight biotones on the shelf—biot@wredransition zones between the
provinces—which are based on the classificatiodeshersal fish species richness and
diversity. This classification was ideal for ourposes and consequently we defined 17
“provinces” based largely on the IMCRA scheriialfle 3, Figure 7a). Offshore, the
provinces were similar in geographic boundary tittshore provinced éble 3) but

were also depth-stratified into several alternasitigta of “core” and “transition” depth
zones (Laset al 2005). In defining community depth boundariegtmnslope, we
subsumed the “transition” depth zones into theétdepth zones by redefining the
depth boundary as the midpoint depth between thee"zones i.e. the midpoint of the
“transition” zone. This resulted in five major detrata 110-250m, 250-565m, 565-
820m, 820-1100m and >1100m in addition to the irsteif 0-110m that could usually
be defined in each province and that constitutednamunity. In addition to the shelf
and slope communities, seamount, reef and platancinities, also similarly depth
stratified, were identified in several provincesr Ehe bioregionalisation projects, the
distributions of about half the Australian fish sjgs were recorded as “string data" that
describes their distribution in a single-dimensioy. The string data points are used
here to locate the positions of the boundaries &etwhe major biomes (s&€able 3).
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In the sub-Antarctic islands, a complete bioregiisation was not available.

Definitions of demersal communities around Hearlfl@Donald Islands were based on
Meyeret al. 2000 who defined biophysical units based on berghsemblages and
physical oceanograph¥igure 8a). At Macquarie Island, demersal communities were
largely defined using only water mass informatiBig(re 9a) (Condieet al. 2003;

Lyne and Hayes 2004). The steepness of the slogpm@mMacquarie Island obviated the
need to stratify the slope into any more than tvagomstrata.

Pelagic Communities

The pelagic communities were based on both theom#s of the Pelagic
Bioregionalisation project that defines broademies based on oceanographic
properties, and the underlying water masses thst iexoceans around Australia (Fig
2b)(Condieet al. 2003; Lyne and Hayes 2004). Those provinces defame Western,
Southern, Eastern and Northern. The pelagic contesroverlay the demersal
communities. The coastal pelagic communities (O+2D0@verlay the inner and outer
shelf demersal communities in all provinces. Offghehere is one epipelagic
community, oceanic (1), in each of the six Austnalprovinces but the maximum depth
in each province varies between 200 and 800 m dirgpto the water masses. A
mesopelagic community, oceanic (2), has also beénedi for each of the provinces. A
third offshore/oceanic community, oceanic (3), hasn defined in the Southern
province where the underlying Antarctic Intermediatater mass (north of %g)
impinges on the slope. Seamount and reef pelagumities that overlay the
corresponding demersal features have also beamedéfd allow identification of
potentially vulnerable communities. Although theg &kely to have similar species
composition to their surrounding pelagic commusitidistribution and abundance of
particular species might differ.

The pelagic communities at both Heard and McDoaaldl Macquarie Islands were
based on the supposition of the dominant water @sa&ondieet al. 2003; Lyne and
Hayes 2004). Around Heard/McDonald Bdure 3b), a pelagic zone (0-1000 m)
overlies the Heard Plateau, including the Westemki8 and Shell Bank complex and
the deeper trough areas. This equates to the Aict&urface Water and the upper
Circumpolar Deep Water (Meyet al.2000). Surrounding the Plateau are the oceanic
layers (0-1000 m — a continuation of the previous water masses-and >1000 m). The
major oceanographic feature influencing this regsotine southern branch of the Polar
Front, which passes south of the island. This fdiwerges from the main front and
flows northwards through the trough between theréi®dateau and Shell Bank. Deeper
currents apparently move in the opposite diredtiprithe slope. Macquarie Island lies
between the Subantarctic Front to the north andrAabnt to the south. At Macquarie
Island (Fig 4b), the coastal zone (0-250 m) overlag shelf, and two oceanic zones (0-
1600 m and >1600m) surround the shelf area.
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Table 3. Geographical and depth descriptions of (aJemersal and (b) pelagic communities within

Australian territorial waters. The string positions are geographical locators used in

bioregionalisation projects to describe location @ng the Australian coastline (-1 is the point on t&

EEZ boundary which is actually further north from t he string point 0).

(a) Demersal communities

Demersal Province Biome (=Community) Ssttréllr:tg S;{(':;Jg Z?g:th Depth stop
Cape Province Outer Shelf -1 12 110 250
Upper Slope -1 12 250 565
Mid—Upper Slope -1 12 565 820
Mid Slope -1 12 820 1100
Lower slope/Abyssal -1 12 >1100 depth at EEZ
Seamount -1 12 0 110
Seamount -1 12 110 250
Seamount -1 12 250 565
Seamount -1 12 565 820
Seamount -1 12 820 1100
North Eastern Transition Inner shelf 281 14 0 110
Inner shelf reef 281 14 0 110
Outer Shelf 12 20 110 250
Upper Slope 12 20 250 565
Mid-Upper Slope 12 20 565 820
Mid Slope 12 20 820 1100
Lower slope/Abyssal 12 20 >1100 depth at EEZ
North Eastern Province Inner shelf 14 39 0 110
Inner shelf reef 14 39 0 110
Quter Shelf 20 39 110 250
Upper Slope 20 39 250 565
Mid—Upper Slope 20 39 565 820
Mid Slope 20 39 820 1100
Lower slope/Abyssal 20 39 >1100 depth at EEZ
Plateau 20 39 0 110
Plateau 20 39 110 250
Plateau 20 39 250 565
Plateau 20 39 565 820
Plateau 20 39 820 1100
Seamount 20 39 0 110
Seamount 20 39 110 250
Seamount 20 39 250 565
Seamount 20 39 565 820
Seamount 20 39 820 1100
Seamount 20 39 >1100 depth at EEZ
Central Eastern Transition Inner shelf 39 58 0 110
Outer Shelf 39 53 110 250
Upper Slope 39 53 250 565
Mid—Upper Slope 39 53 565 820
Mid Slope 39 53 820 1100
Lower slope/Abyssal 39 53 >1100 depth at EEZ
Seamount 39 53 0 110
Seamount 39 53 110 250
Seamount 39 53 250 565
Seamount 39 53 565 820
Seamount 39 53 820 1100
Seamount 39 53 >1100 depth at EEZ
Central Eastern Province Inner shelf 58 68 0 110
Quter Shelf 53 70 110 250
Upper Slope 53 70 250 565
Mid—Upper Slope 53 70 565 820
Mid Slope 53 70 820 1100




30

Scoping

String

String

Depth

Demersal Province Biome (=Community) e stop S Depth stop
Lower slope/Abyssal 53 70 >1100 depth at EEZ
Seamount 53 70 0 110
Seamount 53 70 110 250
Seamount 53 70 250 565
Seamount 53 70 565 820
Seamount 53 70 820 1100
Seamount 53 70 >1100 depth at EEZ
South Eastern Transition Inner shelf 68 85 0 110
Outer Shelf 70 80 110 250
Upper Slope 70 80 250 565
Mid—Upper Slope 70 80 565 820
Mid Slope 70 80 820 1100
Lower slope/Abyssal 70 80 >1100 depth at EEZ
Seamount 70 80 >1100 depth at EEZ
Central Bass Inner shelf 0 110
Tasmanian Province Inner shelf 85 103 0 110
Outer Shelf 80 103 110 250
Upper Slope 80 103 250 565
Mid—Upper Slope 80 103 565 820
Mid Slope 80 103 820 1100
Lower slope/Abyssal 80 103 >1100 depth at EEZ
Seamount 80 103 565 820
Seamount 80 103 820 1100
Seamount 80 103 >1100 depth at EEZ
Western Tasmanian Transition  Inner shelf 103 116 0 110
Outer Shelf 103 118 110 250
Upper Slope 103 118 250 565
Mid-Upper Slope 103 118 565 820
Mid Slope 103 118 820 1100
Lower slope/Abyssal 103 118 >1100 depth at EEZ
Southern Province Inner shelf Eyre 116 131 0 110
Inner shelf Eucla 131 148 0 110
Icngggtshelf South West 148 167 0 110
Outer Shelf 118 170 110 250
Upper Slope 118 170 250 565
Mid—Upper Slope 118 170 565 820
Mid Slope 118 170 820 1100
Lower slope/Abyssal 118 170 >1100 depth at EEZ
South Western Transition Inner shelf 167 176 0 110
Outer Shelf 170 175 110 250
Upper Slope 170 175 250 565
Mid—Upper Slope 170 175 565 820
Mid Slope 170 175 820 1100
Lower slope/Abyssal 170 175 >1100 depth at EEZ
Central Western Province Inner shelf 176 186 0 110
Outer Shelf 175 190 110 250
Upper Slope 175 190 250 565
Mid—Upper Slope 175 190 565 820
Mid Slope 175 190 820 1100
Lower slope/Abyssal 175 190 >1100 depth at EEZ
Central Western Transition Inner shelf 186 202 0 110
Outer Shelf 190 200 110 250
Upper Slope 190 200 250 565
Mid—Upper Slope 190 200 565 820
Mid Slope 190 200 820 1100
Lower slope/Abyssal 190 200 >1100 depth at EEZ
North Western Province Inner shelf 202 215 0 110
Outer Shelf 200 208 110 250
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Demersal Province Biome (=Community) Ssttg?tg Ssttrcl)r;g 2?2? Depth stop
Upper Slope 200 208 250 565
Mid-Upper Slope 200 208 565 820
Mid Slope 200 208 820 1100
Lower slope/Abyssal 200 208 >1100 depth at EEZ
Plateau 200 208 820 1100

North Western Transition Outer Shelf 208 218 110 250
Upper Slope 208 218 250 565
Mid-Upper Slope 208 218 565 820
Mid Slope 208 218 820 1100
Lower slope/Abyssal 208 218 >1100 depth at EEZ
Reef 208 218 0 110
Reef 208 218 110 250

Timor Province Inner shelf 215 252 0 110
Outer Shelf 218 252 110 250
Upper Slope 218 252 250 565
Mid-Upper Slope 218 252 565 820
Mid Slope 218 252 820 1100
Lower slope/Abyssal 218 252 >1100 depth at EEZ

Timor Transition Inner shelf Arafura 252 270 0 110
Inner shelf Groote 270 272 0 110
Inner shelf Cape York 272 281 0 110
Inner Shelf Gulf 270 281 0 110

Heard/McDonald Islands Shelf (Territorial Seas) 0 100
Outer Heard Plateau 100 500
Inner Heard Plateau 100 500
Shell Bank 100 500
Western Banks 200 500
Shell Bank Deep >1000
North Eastern Plateau 500 1000
North Eastern Trough 500 1000
South Eastern Trough 500 1000
Western Trough 500 1000
Southern upper slope 500 1000
Lower slope/Abyssal >1000 depth at EEZ

Macquarie Island Shelf 0 250
Upper-mid slope 250 1000
Lower slope/Abyssal >1000 depth at EEZ

(b) Pelagic communities

Pelagic Province

Eastern Coastal pelagic 53 80 0 200
Oceanic (1) 53 80 0 600
Oceanic (2) 53 80 >600 depth at EEZ
Seamount oceanic (1) 53 80 0 600
Seamount oceanic (2) 53 80 > 600

Southern Coastal pelagic Tas 80 116 0 200
Coastal pelagic GAB 116 162 0 200
Oceanic (1) 80 170 0 200
Oceanic (2) 80 170 200 600
Oceanic (3) 80 170 >600 depth at EEZ
Seamount oceanic (1) 80 170 0 200
Seamount oceanic (2) 80 170 200 600
Seamount oceanic (3) 80 170 >600

Western Coastal pelagic 162 200 0 200
Oceanic (1) 170 0 400
Oceanic (2) 170 200 >400 depth at EEZ

Northern Coastal NWS 200 238 0 200
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Pelagic Province

Coastal Bonaparte 238 256 0 200
Coastal Arafura 256 270 0 200
Coastal Gulf 270 281 0 200
Coastal East Cape York 281 18 0 200
Northwestern Oceanic (1) 200 238 0 800
Oceanic (2) 200 238 >800 depth at EEZ
Northeastern Coastal 18 53 0 200
Oceanic (1) 0 53 0 600
Oceanic (2) 0 53 >600 depth at EEZ
Plateau (1) 0 53 0 600
Plateau (2) 0 53 >600 depth at EEZ
Seamount oceanic (1) 0 53 0 600
Seamount oceanic (2) 0 53 >600 depth at EEZ
Heard/McDonald Islands Heard Plateau n/a n/a 0 1000
Oceanic (1) n/a n/a 0 1000
Oceanic (2) n/a n/a >1000 depth at EEZ
Macquarie Island Coastal n/a n/a 0 250
Oceanic (1) n/a n/a 0 1600
Oceanic (2) n/a n/a >1600 depth at EEZ
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Timor Transition

- ..North East Transition
imor"" Ca
North Western

(a) Transition Cape Province

North Westem\ *-North Eastern

.-Central Eastern

Central Western al
Transition

Transition

Central Western-

South Western -
Transition

' South Eastern
Transition

" Southern-—"""
VWestern Tasmanian
Transition

Central Bass

Tasmanian

(b)

-»;-North Eastern

" Southermn -

Fig 7. a) Demersal communities around mainland Ausalia based on bioregionalisation schema.
Some inshore (0-110 m) communities comprise moregh one community e.g. Timor Transition
comprises 4 distinct communities. b) Australian pelgic provinces. Hatched areas indicate coastal
epipelagic zones overlying the shelf. Offshore (o@eic) provinces comprise two or more overlaying
pelagic zones as indicated in Table 1. Seamountdgbk) and plateaux (light green) are illustrated in
their demersal or pelagic provinces.
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(a)
Heard Plateau
Hearq & McDonald Islands
P . \“..
(b)

Figure 8. a) Demersal communities and b) pelagic oonunities from Heard and McDonald Islands
based largely on Meyett al. (2000) and Condieet al. (2003). Oceanic province comprises two strata
(0-1000 m and >1100 m).
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(@)

(b)

Figure 9. (a) Demersal and (b) pelagic communitiemround Macquarie Island based on
bioregionalisation schema (Condiet al. 2003; Lastet al. 2005). The pelagic oceanic province
comprises two strata (0-1600 m and >1600 m).
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Units of analysis lists

The units of analysis for the sub-fishery are tidby component:
» Species Components (target, byproduct/discard§ BRdcomponents). [Scoping document S2A Species]
» Habitat Component: habitat types. [Scoping docurs@i Habitats]
e Community Component: community types. [Scoping doeat S2C Communities]

Ecological Units Assessed

Target species: X

By-product and bycatch species: X and X respegtivel
TEP species: X

Habitats: X (X benthic, X pelagic)
Communities: X (X demersal, X pelagic)

Scoping Document S2A Species

Each species identified during the scoping is addede ERAEF database used to run the Level ¥sesl A CAAB code (Code for
Australian Aquatic Biota) is required to input tihnéormation. The CAAB codes for each species mafobed at
http://www.marine.csiro.au/caab/

Target speciesHshery namg
List the target species of the sub- fishery. Tisisi$ obtained by reviewing all available fishétgrature, including logbooks, observer
reports and discussions with stakeholders. Tapgstiss are as agreed by the fishery.

Species
Number Taxa Family name Scientific name Common Name CAAB code
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Byproduct speciesHishery namg

List the byproduct species of the sub- fishery. Bgpict refers to any part of the catch which istlapsold by the fisher but which is not a
target species. This list is obtained by revievati@vailable fishery literature, including logbaglobserver reports and discussions with
stakeholders.

Species
Number Taxa Family name Scientific name Common Name CAAB code

Discard speciedHshery namg
List the discard (bycatch) species (excluding TR€cges) of the sub-fishery. Bycatch as definethen@ommonwealth Policy on Fisheries
Bycatch 2000 refers to:
» that part of a fisher’s catch which is returnedh® sea either because it has no commercial valnecause regulations preclude it
being retained; and
» that part of the ‘catch’ that does not reach thekdwrut is affected by interaction with the fishigear

However, in the ERAEF method, the part of the taogdyproduct catch that is discarded is incluithethe assessment of the target or
byproduct species. The list of bycatch speciediained by reviewing all available fishery literaguincluding logbooks, observer reports and
discussions with stakeholders.

Species
Number Taxa Family name Scientific name Common Name CAAB code

TEP speciesfishery namg
List the TEP species that occur in the area ofthefishery. Highlight species that are known teriact directly with the fishery. TEP
species are those species listed as Threatenedn@sed or Protected under the EPBC Act.

TEP species are often poorly listed by fisheries uow frequency of direct interaction. Both dirécapture) and indirect (e.g. food source
captured) interaction are considered in the ERAg#@ach. A list of TEP species has been generategbth fishery and is included in the
PSA workbook species list. This list has been gaedrusing the DEH Search Tool from DEH home petge//www.deh.gov.au/
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For each fishery, the list of TEP species is coatpily reviewing all available fishery literaturgeB8ies considered to have potential to
interact with fishery (based on geographic rangar@ en/perceived susceptibility to the fishing geethods and examples from other
similar fisheries across the globe) should alsmbleided.

Species
Number Taxa Family name Scientific name Common Name CAAB code
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Scoping Document S2B1. Benthic Habitats

Risk assessment for benthic habitats considerstheteeafloor structure and its attached inverteljeaina. Because data on the types and
distributions of benthic habitat in Australia’s Coranwealth fisheries are generally sparse, and sediere is no universally accepted
benthic classification scheme, the ERAEF methodolas used the most widely available type of dataabed imagery — classified in a
similar manner to that used in bioregionalisatiod deep seabed mapping in Australian Commonweathra. Using this imagery, benthic
habitats are classified based on an SGF scoray ssitiment, geomorphology, and fauna. Where seaimgery is not available, a second
method (Method 2) is used to develop an inferrstoli potential habitat types for the fishery. Betails of both methods, see Hobday et al

(2006).

A list of the benthic habitats for the [fisherybsfishery]. Shading denotes habitats occurring withe jurisdictional boundary of the sub-
fishery that are not subject to effort from [method

Image available
Reference image

location

ERAEF record No.
ERAEF Habitat
Number

SGF Score

Depth (m)

Sub-biome Feature Habitat type

Scoping Document S2B2. Pelagic Habitats

A list of the pelagic habitats for the [fisherybsfishery]. Shading denotes habitats occurring iwithe jurisdictional boundary of the
subfishery that are not subject to effort from [host].

ERAEF
Habitat
Number Pelagic Habitat type Depth (m) Comments Reference
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Scoping Document S2C1. Demersal Communities

In ERAEF, communities are defined as the set ofisgeassemblages that occupy the large scale pes/and biomes identified from
national bioregionalisation studies. The biotaudels mobile fauna, both vertebrate and invertepbateexcludes sessile organisms such as
corals that are largely structural and are usedeotify benthic habitats. The same community lests used for all fisheries, with those
selected as relevant for a particular fishery badegtified on the basis of spatial overlap witfodfin the fishery. The spatial boundaries for
demersal communities are based on IMCRA boundéorabe shelf, and on slope bioregionalisationsliierslope (IMCRA 1998; Lasitt al
2005). The spatial boundaries for the pelagic conitims are based on pelagic bioregionalisationscandceanography (Condi al 2003;
Lyne and Hayes 2004). Fishery and region specifidifitations to these boundaries are describe@ifaildn Hobdayet al. (2006) and briefly
outlined in the footnotes to the community Tablekty.

Demersal communities in which fishing activity ocsthe subfishery (x). Shaded cells indicate athicmnities within the province.

Central Eastern
South Western
Transition
Central Western
Central Western
Transition

North Western
North Western
Timor Transition

South Eastern
Transition

Central Eastern
Transition
McDonald Is
Macquarie Is

Cape

North Eastern
Transition
North Eastern
Transition
Central Bass
Tasmanian
Western Tas
Transition
Southern
Timor

Heard &

Demersal community

Inner Shelf 0 — 110rh?
Outer Shelf 110 — 2507
Upper Slope 250 — 565
Mid—Upper Slope 565 — 820m
Mid Slope 820 — 1100M

Lower slope/ Abyssal > 1106m
Reef 0-110rh®

Reef 110-250/

Seamount 0 — 110m
Seamount 110- 250m
Seamount 250 — 565m
Seamount 565 — 820m
Seamount 820 — 1100m
Seamount 1100 — 3000m
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Demersal community
Plateau 0 —110m
Plateau 110- 250t
Plateau 250 — 565
Plateau 565 — 820t
Plateau 820 — 1100

! Four inner shelf communities occur in the Timoarsition (Arafura, Groote, Cape York and Gulf of@ataria) and three inner shelf communities oactine Southern
(Eyre, Eucla and South West Coast). At Macquarigriser & outer shelves (0-250m), afupper and midslope communities combined (250-1008irileard/McDonald

Is: “outer and upper slope plateau communities combiméatm fourcommunities: Shell Bank, inner and outer Heardelat(100-500m) and Western Banks (200-500m),
°mid and upper plateau communities combined irttodgh, southern slope and North Eastern plateaumzmities (500-1000m), affd3 groups at Heard Is: Deep Shell
Bank (>1000m), Southern and North East Lower skipedsal/Great Barrier Reef in the North Eastern Provinag Bransition and Rowley Shoals in North Western

Transition.
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Scoping Document S2C2. Pelagic Communities

Pelagic communities that overlie the demersal conities in which fishing activity occurs in the fisty (x). Shaded cells indicate all communitieg tha
exist in the province

c < W @

o = T o (0]

@ = = = £ 4 G a

[} = [ o [} = 5 5 S

E= 2 = = £ £ S o o

= 7] =} @ f= i< c 0O o

. . ] © o 9 S <] o O ]
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Coastal pelagic 0-200t

Oceanic (1) 0 — 600m

Oceanic (2) >600m

Seamount oceanic (1) 0 — 600m
Seamount oceanic (2) 600—3000m
Oceanic (1) 0 — 200m

Oceanic (2) 200-600m

Oceanic (3) >600m

Seamount oceanic (1) 0 — 200m

Seamount oceanic (2) 200 — 600m
Seamount oceanic (3) 600-3000m
Oceanic (1) 0-400m

Oceanic (2) >400m

Oceanic (1) 0-800m

Oceanic (2) >800m

Plateau (1) 0-600m

Plateau (2) >600m

Heard Plateau 0-1006m

Oceanic (1) 0-1000m

Oceanic (2) >1000m

Oceanic (1) 0-1600m

Oceanic (2) >1600m

! Northern Province has five coastal pelagic zones §NBbnaparte, Arafura, Gulf and East Cape York) andHgon Province has two zones (Tas, GABAt Macquarie Is: coastal
pelagic zone to 250m.At Heard and McDonald Is: coastal pelagic zone bnoadi¢o cover entire plateau to maximum of 1000m.
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2.2.3 Identification of Objectives for Components and Sub-components (Step 3)

Objectives must be identified for each sub-fish&yeach of the five ecological
components (target, byproduct and bycatch spetteB,species, habitats, and
communities). Management objectives need to bdifcahfor each component (core
objectives) and sub-component (operational objes}iwvith the latter expressed as
limits to acceptable change (what is “acceptabéds to be defined in each case). Core
objectives (also called endpoints) identify whatl ywe trying to achieve. Operational
objectives (or measurement endpoints) are objextteged in ways that can be
measured. It is important to identify objectiveattmanagers, the fishing industry, and
other stakeholders can agree on, and that scenastquantify and assess. The
identified objectives are used as part of the L&IEIA analysis (step 6).

The method for identifying objectives is descrilaedl outlined next. Objectives are
identified for each sub-fishery for the five ecdltaj components (target,
bycatch/byproduct, TEP, habitats, and communit@s) sub-components, and are
clearly documented. It is important to identify effjves that managers, the fishing
industry, and other stakeholders can agree onthextécientists can quantify and assess.
The criteria for selecting ecological operationbjeatives for risk assessment are that
they:

* be biologically relevant;

* have an unambiguous operational definition;

* be accessible to prediction and measurement; and

» that the quantities they relate to be exposedddé#zards.

For fisheries that have completed ESD reportscasebe made of the operational
objectives stated in those reports.
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The sub-components for each component type arershothie examples below.

Component Target species
Sub Population size Geographic Genetic structure Age/size/sex Reprodu_cuve Behaviour
components range structure capavity movement
Component .
Byproduct or Bycatch species
Sub Agelsize/sex Reproductive Behaviour
components Population size | Genetic structure | Genetic structure g P N
structure capavity movement
Component TEP species
Sub Population Genetic Genetic Age/size/sex | Reproductive Behaviour Interactions with the
components - ) )
size structure structure structure capavity movement fishery
Component Habitat
Sub Habitat structure and
components Substrate quality Water quality Air quality Habitat types function
Component Community
Sub ; IS ) .
. - Functional group Distribution of . Bio and geochemical
components Species composiiton P X Trophic/size structure
composition community cycles

Each ‘operational objective’ is matched to exampticators.Scoping Document S3
provides suggested examples of operational obgstwd indicators. Where
operational objectives are already agreed forleefis(Existing Management
Objectives), those should be used (e.g. Strateggegsment Reports). The objectives
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need not be exactly specified, with regard to numbe fractions of removal/impact,
but should indicate that an impact in the sub-camepois of concern/interest to the
sub-fishery. The rationale for including or disdagdan operational objective is a
crucial part of the table and must explain whygheticular objective has or has not
been selected for in the (sub) fishery. Only theraponal objectives selected for
inclusion in the (sub) fishery are used for Levealnhlysis [(evel 1 SICA Document

L1.1).

Scoping Document S3 Components and Sub-componentiehtification of
Objectives

Table (Note: Operational objectives that are eliated should be shaded out and a
rationale provided as for the retained operatiooaijectives)

not approach
lextinction or
become
extinct

Component |Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
“What is the general goal?” )As stown in ["What you ar{'What you are |Rationale
sub- specifically [going to use t« [flagged as
component {trying to measure ‘EMO’ where
model achieve" performance  [Existing
diagrams at Managemen
the Objective in
beginning o place, or
this section. 'AMO’ where
there is an
lexisting AFMA
Managemen
Objective in
place for othe
Commonweal
h fisheries
(assumed tha
squid fishery
will fall into
line)
Target IAvoid recruitment failure of the target |1. Populatiof1.1 No trend [Biomass, 1.1 add in
Species species size in biomass |numbers, densitjrationale for
1.2 Maintain [CPUE, yield leach objective
IAvoid negative consequences for specl|es biomass abo 1.2
or population sub-components a specified 1.3
level 1.4
1.3 Maintain
catch at
specified level
1.4 Species g
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Component (Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
2. 2.1 Presence of 2.1
Geographic |[Geographic [population acrog
range range of the the GAB
population, in
terms of size
and continuity
does not
change
outside
lacceptable
bounds
3. Genetic 3.1 Genetic [Frequency of 3.1
structure  |diversity doesgenotypes in the
not change |population,
outside effective
acceptable [population size
bounds (Ne), number of
spawning units
4. 4.1 Biomass, 4.1
IAge/size/seyAge/size/sex numbers or
structure  [structure doegelative
not change |proportion in
outside age/size/sex
acceptable [classes
bounds (e.g.
more than X%Biomass of
from referencspawners
structure)
Mean size, sex
ratio
5. 5.1 FecundityEgg production [5.1
Reproductiviof the of population 5.2
Capacity [population
does not IAbundance of
change recruits
outside
lacceptable
bounds (e.g.
more than X9
of reference
population
fecundity)
2 Recruitmen
to the
population
does not
change
outside
lacceptable
bounds
6. Behaviou(6.1 BehavioufPresence of 6.1
Movement [and movemeipopulation acros

patterns of th
population do
not change
outside

lacceptable

patterns within
the population

bait, lights)

bounds

Space, moveme

(e.g. attraction t

nt
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Component |Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
Byproduct |Avoid recruitment failure of the byprodyl. Populatio|l.1 No trend [Biomass, 1.1
and Bycatchand bycatch species size in biomass |numbers, densit]1.2
1.2 Species dCPUE, yield 1.3
IAvoid negative consequences for spec|es not approach 1.4
or population sub-components lextinction or
become
lextinct
1.3 Maintain
biomass abo
a specified
level
1.4 Maintain
catch at
specified level
2. 2.1 Presence of 2.1
Geographic |Geographic [population acrog
range range of the [space
population, in
terms of size
and continuity
does not
change
outside
acceptable
bounds
3. Genetic (3.1 Genetic |Frequency of (3.1
structure  |diversity doesgenotypes in the
not change |population,
outside effective
acceptable [population size
bounds (Ne), number of
spawning units
4. 4.1 Biomass, 4.1
IAge/size/seyAge/size/sex jnumbers or
structure  [structure doegelative

not change
outside
acceptable
bounds (e.g.
more than X9
from refereng

proportion in
age/size/sex
classes
Biomass of
spawners
Mean size, sex

structure)

ratio
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Component

Core Objective

Sub-
component

Example
Operational
Objectives

Example
Indicators

Rationale

5
Reproductiv
Capacity

5.1 Fecundity
of the
population
does not
change
outside
acceptable
bounds (e.g.
more than X9
of reference
population
fecundity)
Recruitment
to the
population
does not
change
outside
lacceptable
bounds

Egg production
of population
IAbundance of
recruits

5.1

6. Behaviou
Movement

6.1 Behaviou
and movemer
patterns of th
population do
not change
outside
acceptable
bounds

Presence of
population acros
space, moveme
patterns within
the population
(e.g. attraction t
bait, lights)

6.1

nt

TEP species

3Avoid recruitment failure of TEP specig

)Avoid negative consequences for TEP
species or population sub-components

IAvoid negative impacts on the populati
from fishing

$. Populatio
size

pn

1.1 Species g
not further
approach
lextinction or
become
extinct

1.2 No trend
in biomass
1.3 Maintain
biomass abo
a specified
level

1.4 Maintain
catch at
specified leve

Biomass,
numbers, densit]
CPUE, yield

1.1
1.2
1.3
1.4

2.
Geographic
range

2.1
Geographic
range of the
population, in
terms of size
and continuity
does not
change
outside
acceptable
bounds

Presence of
population acros
space, i.e. the
GAB

2.1
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Component |Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
3. Genetic 3.1 Genetic [Frequency of 3.1
structure  |diversity doesgenotypes in the
not change |population,
outside effective
acceptable [population size
bounds (Ne), number of
spawning units
4. 4.1 Biomass, 4.1
IAge/size/seyAge/size/sex jnumbers or
structure  [structure doegelative
not change |proportion in
outside age/size/sex
acceptable [classes
bounds (e.g. Biomass of
more than X%spawners
from referencMean size, sex
structure)  [ratio
5. 5.1 Fecundity|Egg production (5.1
Reproductiviof the of population
Capacity |population |Abundance of
does not recruits
change
outside
acceptable
bounds (e.g.
more than X9
of reference
population
fecundity)
Recruitment
to the
population
does not
change
outside
acceptable
bounds
6. Behavioul6.1 BehavioufPresence of 6.1
Movement [and movemeipopulation acros
patterns of thispace, movement
population dopatterns within
not change the population
outside (e.g. attraction tp
acceptable |bait, lights)
bounds
7. 7.1 Survival [Survival rate of [7.1
Interactions |after species after 7.2
with fishery |interactions iginteractions
maximised
Number of
7.2 interactions,
Interactions |biomass or

do not affect

the viability of
the populatio
or its ability tq
recover

numbers in
population
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Component (Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
Habitats  |Avoid negative impacts on the quality oft.. Water 1.1 Water  |Water chemistry|l.1
the environment quality quality does |noise levels,
not change (debris levels,
)Avoid reduction in the amount and quality outside turbidity levels,
of habitat acceptable [pollutant
bounds concentrations,
light pollution
from artificial
light
2. Air quality2.1 Air qualityAir chemistry, 2.1
does not noise levels,
change visual pollution,
outside pollutant
lacceptable [concentrations,
bounds light pollution
from artificial
light
3. Substrate3.1 Sediment|Sediment 3.1
quality quality does [chemistry,
not change [stability, particle
outside size, debris,
acceptable [pollutant
bounds concentrations
4. Habitat 4.1 Relative |[Extent and area/4.1
types labundance ofof habitat types,
habitat types [% cover, spatial
does not varypattern,
outside landscape scale
acceptable
bounds
5. Habitat (5.1 Size, Size structure, 5.1
structure anjshape and [species
function condition of [composition and
habitat types morphology of
does not varybiotic habitats
outside
acceptable
bounds
CommunitieAvoid negative impacts on the 1. Species (1.1 Species |Species 1.1
composition/function/distribution/structidompositionjcomposition |presence/absenge
e of the community of , species numbe
communities |or biomass
does not vary/(relative or
outside absolute)
acceptable [Richness
bounds Diversity indices
Evenness indicgs
2. Functiong2.1 FunctiongNumber of 2.1
group group functional
compositionjcomposition |groups, species
does not per functional
change group
outside (e.g. autotrophs
acceptable ffilter feeders,
bounds herbivores,
omnivores,
carnivores)
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Component |Core Objective Sub- Example Example Rationale
component |Operational |Indicators
Objectives
3. 3.1 Geographic rang3.1
Distribution Community [of the
of the range does nicommunity,
community |vary outside |continuity of
acceptable [range, patchiness
bounds
4. 4.1 Size spectra of 4.1
'Trophic/sizéCommunity the community
structure  [size Number of
spectra/trophjoctaves,
c structure  [Biomass/numbe
does not varyjin each size clags
outside Mean trophic
acceptable [level
bounds Number of
trophic levels
5. Bio- and [5.1 Cycles dqglndicators of 5.1
geochemicgnot vary cycles, salinity.
cycles outside carbon, nitrogen),
lacceptable [phosphorus flux

bounds
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2.2.4 Hazard Identification (Step 4)

Hazards are the activities undertaken in the psooéfishing, and any external
activities, which have the potential to lead torhar

The effects of fishery/sub-fishery specific hazaads identified under the following
categories:

* capture

» direct impact without capture

» addition/movement of biological material
» addition of non biological material

» disturbance of physical processes

» external hazards

These categories are subdivided into fishing a@&vi(of the fishery being evaluated)
and external activities (including other fisherias)shown irFigure 10 below:

Result of Direct Impact Addition/ Addition of Disturb
o . movement of . - -
fishing Capture without biological non-biological physical
activity capture material material processes
External
. ) Translocation Debris Activities
Bait collection of species
P . Other
Fishin Chemical fisheries
Bait collection 9 On board pollution Bait collection
. processing
Fishing Inade_ntal Exhaust Fishing Aquacuiture
behaviour . .
- Discarding
Fishing . Coastal
- Incidental catch Gear loss Boat
activities . Gear loss . development
behaviour launching
Anchoring/ Stock Nawga_\tlon/ . Other
N enhancement steaming Anchoring/ .
mooring - extractive
mooring activities
Navigation/ Provisioning Activity/
: presence on
steaming . Other non-
Organic waste water .
extractive
activities
Sub-Fishery

Figure 10. Schematic diagram of fishery/sub-fishergpecific hazards subdivided into fishing
activities and external activities.

These fishing and external activities are scored presence/absence basis for each
fishery/sub-fishery. An activity is scored as aziiit does not occur and as a one if it
does occur. The rationale for the scoring is atstuchented in detail and must include
iffhow the activity occurs and how the hazard nmapact on organisms/habitat.
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Scoping Document S4. Hazard Identification Scorin@heet

This proforma table is completed once for eachf@liery. Table 4 provides a set of
examples of fishing activities for the effects ishing to be used as a guide to assist in

scoring the hazards.

Fishery Name:

Sub-fishery Name:

Date completed:

Direct impact of
Fishing

Fishing Activity

Score
(0/1)

Documentation of Rationale

Capture

Bait collection

Fishing

Incidental behaviour

Direct impact

Bait collection

without capture

Fishing

Incidental behaviour|

Gear loss

Anchoring/ mooring

Navigation/steaming

Addition/ Translocation of
movement of species
biological (boat launching,
material reballasting)

On board processin

Discarding catch

Stock enhancement

Provisioning

Organic waste
disposal

Addition of non-

Debris

biological Chemical pollution
material Exhaust
Gear loss
Navigation/
steaming

Activity/ presence
on water

Disturb physical

Bait collection

processes

Fishing

Boat launching

Anchoring/ mooring

Navigation/
steaming

External
Hazards (specify

Other capture
fishery methods

the particular

Aquaculture

example within
each activity

Coastal
development

area)

Other extractive
activities

Other non-extractive
activities

Other anthropogenig
activities
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Table 4. Examples of fishing activities. (Modifiedrom Fletcher et al. 2002)

Direct Impact of
Fishing

Fishing Activity

Examples of Activities Include

Capture

Activities that result in the capture or removabofianisms. This includes cryptic mortality duetganisms being caught bu
dropping out prior to the gear’s retrieval (i.e.€yrare caught but not landed)

Bait collection

Capture of organisms due to be#rgdeployment, retrieval and bait fishing. Thidudes organisms caught but not landed.

Fishing Capture of organisms due to gear deploymetmieval and actual fishing. This includes erigans caught but not landed.
Incidental Capture of organisms due to crew behaviour incalg@otprimary fishing activities, possible in theew’'s down time; e.g. crev
behaviour may line or spear fish while anchored, or perfotheo harvesting activities, including any land-tthkarvesting that occurs

when crew are camping in their down time.

Direct impact,
without capture

This includes any activities that may result iredirimpacts (damage or mortality) to organismsevitractual capture.

Bait collection

Direct impacts (damage or monalib organisms due to interactions (excluding eegtwith bait gear during deployment,
retrieval and bait fishing. This includes: damagw@hatity to organisms through contact with the gisat doesn’t result in
capture, e.g. Damage/mortality to benthic specjegaar moving over them, organisms that hit netsaben’t caught.

t

Fishing Direct impacts (damage or mortality) tgamisms due to interactions (excluding capture) Vishing gear during deploymen
retrieval and fishing. This includes: damage/mdstab organisms through contact with the gear thagsn't result in capture
e.g. Damage/mortality to benthic species by gearimgoover them, organisms that hit nets but arecaaght.
Incidental Direct impacts (damage or mortality) without capfup organisms due to behaviour incidental to @annfishing activities,
behaviour possibly in the crew's down time; e.g. the userefarms on scavenging species, damage/mortalilyganisms through
contact with the gear that the crew use to fistindutheir down time. This does not include impawnigpredator species of
removing their prey through fishing.
Gear loss Direct impacts (damage or mortality}haut capture on organisms due to gear that haslbsefrom the fishing boat. This
includes damage/mortality to species when thedeat contacts them or if species swallow the lest g
Anchoring/ Direct impact (damage or mortality) that occurs aen anchoring or mooring. This includes damageity due to
mooring physical contact of the anchor, chain or rope witlanisms, e.g. An anchor damaging live coral.
Navigation/ Direct impact (damage or mortality) without captoray occur while vessels are navigating or steandihg includes
steaming collisions with marine organisms or birds.
Addition/ movement Any activities that result in the addition or mowmh of biological material to the ecosystem offibkeery.
of biological
material

Translocation of
species (boat
movements,
reballasting)

The translocation and introduction of species @dtea of the fishery, through transportation gflda stage. This transport
can occur through movement on boat hulls or inasalvater as boats move throughout the fisheryoon butside areas into
the fishery.
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Direct Impact of Fishing Activity | Examples of Activities Include

Fishing
On board The discarding of unwanted sections of target afteboard processing introduces or moves biologiedkrial, e.g. heading
processing and gutting, retaining fins but discarding trunks.

Discarding catch

The discarding of unwanted orgasifrom the catch can introduce or move biologitaterial. This includes individuals of
target and byproduct species due to damage (eadk sh marine mammal predation), size, high grading catch limits. Also
includes discarding of all non-retained bycatchcggse This also includes discarding of catch rasylirom incidental fishing
by the crew. The discards could be alive or dead.

ht

Stock The addition of larvae, juveniles or adults to fiseery or ecosystem to increase the stock or eatch

enhancement

Provisioning The use of bait or berley in the éish

Organic waste The disposal of organic wastes (e.g. food scrapsage) from the boats.

disposal

Addition of non- Any activities that result in non-biological matdrbeing added to the ecosystem of the fisherg,itfuludes physical debris,
biological material chemicals (in the air and water), lost gear, naise visual stimuli.

Debris Non-biological material may be introducedhe form of debris from fishing vessels or motbieips. This includes debris
from the fishing process: e.g. cardboard throwrr dneen bait boxes, straps and netting bags lost.
Debris from non-fishing activities can also contitdv to this e.g. Crew rubbish — discarding or fsorhps, plastics or other
rubbish. Discarding at sea is regulated by MARP@hich forbids the discarding of plastics.

Chemical Chemicals can be introduced to water, sedimenaémdsphere through: oil spills, detergents otheardihg agents, any

pollution chemicals used during processing or fishing adivit

Exhaust Exhaust can be introduced to the atmosret water through operation of fishing vessels

Gear loss The loss of gear will result in the &ddiof non-biological material, this includes hapkne, sinkers, nets, otter boards, lig
sticks, buoys etc.

Navigation The navigation and steaming of vessels will intcagnoise and visual stimuli into the environment.

/steaming Boat collisions and/or sinking of vessels.
Echo-sounding may introduce noise that may dissopte species (e.g. whales, orange roughy)

Activity /presence| The activity or presence of fishing vessels orvthager will noise and visual stimuli into the enviroent.

on water

Disturb physical
processes

Any activities that will disturb physical processparticularly processes related to water moveraesediment and hard
substrate (e.g. boulders, rocky reef) processes.

Bait collection

Bait collection may disturb physiprocesses if the gear contacts seafloor-disigréédiment, or if the gear disrupts water
flow patterns.

Fishing

Fishing activities may disturb physicabgesses if the gear contacts seafloor-disturbidgremnt, or if the gear disrupts wate

flow patterns.
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Direct Impact of
Fishing

Fishing Activity

Examples of Activities Include

Boat launching

Boat launching may disturb physpralcesses, particularly in the intertidal regiahdredging is required, or the boats are
dragged across substrate. This would also incladeshore impacts where fishers drive along beachesach fishing
locations and launch boats.

Impacts of boat launching that occurs within esshield marinas are outside the scope of this assessm

Anchoring Anchoring/mooring may affect the physical processehe area that anchors and anchor chains catiaseafloor.
/mooring

Navigation Navigation /steaming may affect the physical preeson the benthos and the pelagic by turbuleiatrect propellers or
/steaming wake formation.

External hazards

Any outside activities that will result in an impam the component in the same location and pehatithe fishery operates.
The particular activity as well as the mechanismeiternal hazards should be specified.

Other capture
fishery methods

Take or habitat impact by other commercial, ind@enor recreational fisheries operating in the seeg®n as the fishery
under examination

Aguaculture Capture of feed species for aguaaltimpacts of cages on the benthos in the region

Coastal Sewage discharge, ocean dumping, agricultural funof

development

Other extractive | Oil and gas pipelines, drilling, seismic activity

activities

Other non- Defense, shipping lanes, dumping of munitions, sarfme cables

extractive

activities

Other Recreational activities, such as scuba diving legath coral damage, power boats colliding with vesatugongs, turtles.

anthropogenic
activities

Shipping, oil spills
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2.2.5 Bibliography (Step 5)

All references used in the scoping assessmeno dre included in the References
section in the ERA Results Report.

2.2.6 Decision rules to move to Level 1(Step 6)

Any hazards that are identified at Step 4 Hazaedtification as occurring in the fishery
are carried forward for analysis at Level 1.
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2.3 Level 1 Scale, Intensity and Consequence Analys is (SICA)

Level 1 aims to identify which hazards lead togngicant impact on any species,
habitat or community. Analysis at Level 1 is foraldacomponents (target; bycatch and
byproduct; TEP species; habitat; and communities) jndividual sub-components.
Since Level 1 is used mainly as a rapid screemaf & “worst case” approach is used
to ensure that elements screened out as low litlefeactivities or components) are
genuinely low risk. Analysis at Level 1 for eachhgmonent is accomplished by
considering the most vulnerable sub-component la@dnost vulnerable unit of analysis
(e.g. most vulnerable species, habitat type or conity). This is known as credible
scenario evaluation (Richard Stocklosa e-system&tf March 2003) Review of
CSIRO Risk Assessment Methodology: ecological aiskessment for the effects of
fishing) in conventional risk assessment. In additwhere judgments about risk are
uncertain, the highest level of risk that is seijarded as plausible is chosen. For this
reason, the measures of risk produced at Levehdatde regarded as absolute.

The conceptual model is completed for each compdmelinking theeffects of fishing
and external activitiegthese are the direct impacts of fishing and etleactivities
identified at the scoping stage)rtatural processes and resourdéisat are affected by
the direct impacts); and in turn linking thesehesub-component&vhich are affected
by impacts to natural processes and resource)angdonentgimpacts, which are
affected by impacts to the sub-components), whialy rmpact on the achievement of
the management objectives (core and operatiorat) coping DocumentS3 An
example of a completed conceptual model for the Jjg#ies is shown iRigure 11

Component TEP Species Core Objective: avoid negative consequ  ences for species

Sub
components

Agelsize/sex
structure

Reproductive
capacity

Behaviour/ ‘ Interactions with

Genetic structure "
movement fishery

Population size Geographic range

Natural

processes and imrmiarations
resources Growth Recruitment Mortality ‘ mmigration ‘ ‘ Habitat quality
emigration

Impacts

adition/
Direct Impact movement of

without capture biological

material

Addition of
non-biological
material

Disturb physical

Direct impact of Capture processes

fishing activity

Translocation of Bait collection External Activities

species .

On board Debr|§ . Fishing Other fisheries

: Chemical pollution
processing Aquaculture
" " Gear loss .

Discarding catch PR . Boat launching Coastal development
Navigation/steaming .

Stock s Other extractive
Activity/presence on . . .

- enhancement Anchoring/mooring activities

Navigation/ P water .

. Provisioning Other non-extractive

steaming 8 - . o

Organic waste Navigation/steaming activities

Bait collection Bait collection
Fishing

Fishing Incidental
behaviour
Incidental Gear loss
behaviour Anchoring/mooring

Fishing
activities

Sub-Fishery

Figure 11. Example of completed conceptual model féhe TEP species.
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At Level 1 each fishery/sub-fishery is assessedguaiscale, intensity and consequence
analysis (SICA). SICA is applied to the componenaavhole by choosing the most
vulnerable sub-component (linked to an operatiobgctive) and most vulnerable unit
of analysis. The rationale for these choices mastdcumented in detail. These steps
are outlined below. Scale, intensity, and consecgi@malysis (SICA) consists of the
following thirteen steps for each activity and cangnt for each (sub) fishery. The first
ten steps are performed for each activity and cerapp and correspond to the columns
of the SICA table. The final three steps summatseresults for each component.

Stepl: Record the hazard identification scoregiabs (0) presence (1) scores)
identified at step 3 at the scoping level (Scopugument S3) onto the
SICA table (2.3.1)

Step 2: Score spatial scale of the activity (2.3.2)

Step 3: Score temporal scale of the activity (3.3.3

Step 4: Choose the sub-component most likely tafteeted by activity (2.3.4)

Step 5: Choose the most vulnerable unit of anafgsithe component e.g.
species, habitat type or community assemblages(2.3.

Step 6: Select the most appropriate operationaotibp (2.3.6)

Step 7: Score the intensity of the activity fortthab-component (2.3.7)

Step 8: Score the consequence resulting from teasity for that sub
component (2.3.8)

Step 9: Record confidence/uncertainty for the cousace scores (2.3.9)

Step 10: Document rationale for each of the abteess(2.3.10)

Step 11: Summary of SICA results (2.3.11)

Step 12: Evaluation/discussion of Level (2.3.12)

Step 13: Components to be examined at Level 212) 3.

Level 1 documents to be completed are:
» SICA tables for species (target, byproduct and toyca EP), habitat and
community components
* Summary of SICA results

SICA Habitat-specific issues

The Scale, Intensity and Consequence Analysis vegoh qualitative comparison of
only those habitat types known to occur within &nea of effort of the sub-fishery. This
step identifies the “Unit of Analysis’ or the hadtitype considered most vulnerable to a
particular fishing-related activity, specific taattsub-fishery. The risk of habitats differs
according to gear types used by the different fissethe intensity and frequency of
effort, location, feature type and depth fishededé“most” vulnerable types are then
scored according to the Tables as described favtther components.

Changes have been made to the Description of Coasegs TableT@ble 5), to
accommodate the potential variation in recovergtnf both sub-components ‘Habitat
Types’ and ‘Habitat structure and function’. Th@garting rationales are described in
detail under each consequence score for that smipaent. It is important to note that
even at a relatively low level of intensity soméitats may demonstrate a high
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consequence score for some gears e.g. seamoutatabimid-slope depths. Even at
low intensity, vulnerable seamount habitats suppglow-growing, long-lived and
complex faunal communities may be substantiallydoted by one encounter, which
may require recovery times of decades.

The instructions for completing the SICA analysis autlined below.

2.3.1 Record the hazard identification score (absence (0) presence (1) scores)
identified at step 3 in the scoping level onto the SICA Document (Step 1)

Record the hazard identification score absencpré®ence (1) identified at Step 3 at the
scoping level onto the SICA she@tseparate sheet will be required for each componen
(target, bycatch and byproduct, and TEP specidstadtaand communities). Only those
activities that scored a 1 (presence) will be asedyat Level 1

2.3.2 Score spatial scale of activity (Step 2)

The greatest spatial extent must be used for detgrgithe spatial scale score for each
identified hazard. For example, if fishing (e.gptae by longline) takes place within an
area of 200 nm by 300 nm, then the spatial scadedsed as 4. The score is then
recorded onto the SICA Document and the rationateichented.

Spatial scale score of activity

<1 nm: 1-10 nm; 10-100 nm: 100-500 nm: | 500-1000 nm: >1000 nm:

1 2 3 4 5 6

Maps and graphs may be used to supplement theriafam (e.g. sketches of the
distribution of the activity relative to the didiution of the component) and additional
notes describing the nature of the activity shdaglgrovided. The spatial scale score at
Step 2 is not used directly, but the analysis &lus making judgments about level of
intensity at Step. Obviously, two activities caorgcthe same with regard to spatial
scale, but the intensity of each can differ vasthye reasons for the score are recorded
in the rationale column of the SICA spreadsheet.

2.3.3 Score temporal scale of activity (Step 3)

The highest frequency must be used for determitiagemporal scale score for each
identified hazard. If the fishing activity occuraily, the temporal scale is scored as 6. If
oil spillage occurs about once per year, thenehgbral scale of that hazard scores a 3.
The score is then recorded onto the SICA Documeahtiae rationale documented.

Temporal scale score of activity

Decadal Every several Annual Quarterly Weekly Daily
(1 day every years (1-100 days | (100-200 days| (200-300 days| (300-365 days|
10 years or so] (1 day every per year) per year) per year) per year)
several years)
1 2 3 4 5 6
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It may be more logical for some activities to colesithe aggregate number of days that
an activity occurs. For example, if the activitistiing” was undertaken by 10 boats
during the same 150 days of the year, the sc@elighe same 10 boats each spend 30
non-overlapping days fishing, the temporal scalthefactivity is a sum of 300 days,
indicating that a score of 6 is appropriate. Incdase where the activity occurs over
many days, but only every 10 years, the numbengs$ by the number of years in the
cycle is used to determine the score. For exampl@days of an activity every 10 years
averages to 10 days every year, so that a sc@&ésappropriate.

The temporal scale score at Step 3 is not usedtigirbut the analysis is used in
making judgments about level of intensity at Ste@viously, two activities can score
the same with regard to temporal scale, but thensity of each can differ vastly. The
reasons for the score are recorded in the raticoodlann.

2.3.4 Choose the sub-component most likely to be affected by activity (Step 4)

The most vulnerable sub-component must be useahfaysis of each identified hazard.
This selection must be made on the basis of exgdutgest potential risk for each
‘direct impact of fishing’ and ‘fishing activity’@mbination, and recorded in the ‘sub-
component’ column of the SICA Document. The juséfion is recorded in the
rationale column.

2.3.5 Choose the unit of analysis most likely to be affected by activity and to
have highest consequence score (Step 5)

The most vulnerable ‘unit of analysis’ (i.e. mostnerable species, habitat type or
community) must be used for analysis of each ifiedthazard. The species, habitats,
or communities (depending on which component iadpanalysed) are selected from
Scoping Document SZA — C). This selection must be made on the basis of ezgec
highest potential risk for each ‘direct impact ishing’ and ‘fishing activity’
combination, and recorded in the ‘unit of analysmumn of the SICA Document. The
justification is recorded in the rationale column.

2.3.6 Select the most appropriate operational objective (Step 6)

To provide linkage between the SICA consequenceesad the management
objectives, the most appropriate operational olyjedor each sub-component is
chosen. The most relevant operational objective damm Scoping DocumeniS3is
recorded in the ‘operational objective’ columnte tSICA document. Note that SICA
can only be performed on operational objectivegsedjias important for the (sub)
fishery during scoping and containedSooping DocumentS3 If the SICA process
identifies reasons to include sub-components oratio@al objectives that were
previously not included/eliminated then these sofyoonents or operational objectives
must be re-instated.

2.3.7 Score the intensity of the activity for the component (Step 7)

The score for intensity of an activity considers tlirect impacts in line with the
categories shown in the conceptual mo&ere 11) (capture, direct impact without
capture, addition/movement of biological matergldition of non-biological material,
disturbance to physical processes, external hazdrds intensity of the activity is
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judged based on the scale of the activity, itsneaéund extent. Activities are scored as
per intensity scores below.

Intensity score of activity (Modified from Fletcher et al. 2002)

Level Score Description

Negligible 1 remote likelihood of detection at apatial or
temporal scale

Minor 2 occurs rarely or in few restricted locatcend
detectability even at these scales is rare

Moderate 3 moderate at broader spatial scale veradut
local

Major 4 severe and occurs reasonably often at broad
spatial scale

Severe 5 occasional but very severe and localizégss
severe but widespread and frequent

Catastrophic 6 local to regional severity or camtiinand
widespread

This score is then recorded on thevel 1 (SICA) Documentand the rationale
documented.

2.3.8 Score the consequence of intensity for that component (Step 8)

The consequence of the activity is a measure dikakhood of not achieving the
operational objective for the selected sub-compbaed unit of analysis. It considers
the flow on effects of the direct impacts from Stefor the relevant indicator (e.g.
decline in biomass below the selected thresholdddéect capture). Activities are
scored as per consequence scores below. A moléedeatascription of the
consequences at each level for each componengftasgatch and byproduct, TEP
species, habitats, and communities) is provides giside for scoring the consequences
of the activities in the description of consequenedble (sedable 5below).

Consequence score for ERAEF activitie@Vodified from Fletcher et al. 2002).

Level Score | Description

Negligible 1 Impact unlikely to be detectable a Htale of the stock/habitat/community

Minor 2 Minimal impact on stock/habitat/communityueture or dynamics

Moderate 3 Maximum impact that still meets an otdyec(e.g. sustainable level of
impact such as full exploitation rate for a targigecies).

Major 4 Wider and longer term impacts (e.g. longrtelecline in CPUE)

Severe 5 Very serious impacts now occurring, wéthtively long time period likely
to be needed to restore to an acceptable levelderipus decline in
spawning biomass limiting population increase).

Intolerable 6 Widespread and permanent/irreversiblmage or loss will occur-unlikely
to ever be fixed (e.g. extinction)

The score should be based on existing informatiiica the expertise of the risk
assessment group. The rationale for assigning @atdequence score must be
documented. The conceptual model may be usedkanfipact to consequence by
showing the pathway that was considered. In therafesof agreement or information,
the highest score (worst case scenario) consigeaedible is applied to the activity.
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2.3.9 Record confidence/uncertainty for the consequence scores (Step 9)

The information used at this level is qualitativelaach step is based on expert (fishers,
managers, conservationists, scientists) judgmerg.cbnfidence rating for the
conseqguence score is rated as 1 (low confidenc2)lgh confidence) for the
activity/component. The score is recorded on tl@ASDocument and the rationale
documented. The confidence will reflect the lewdlsncertainty for each score at steps
2,3, 7 and 8.

Description of Confidence scores for Consequencéhe confidence score appropriate to the
rationale is used, and documented on the SICA Docunt.

Confidence Score | Rationale for the confidence score

Low 1 Data exists, but is considered poor or cotifig

No data exists

Disagreement between experts

High 2 Data exists and is considered sound

Consensus between experts

Consequence is constrained by logical consideration

2.3.10 Document rationale for each of the above steps (Step 10)

The rationale forms a logical pathway to the consege score. It is provided for each
choice at each step of the SICA analysis.
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Table 5A. Target Species. Description of consequassfor each component and each sub-component. Uable as a guide for scoring the level of consequenfor
target species (Modified from Fletcher et al. 2002)

Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

Population size

1. Population size
Insignificant change
to population
size/growth rate (r).

1. Population size
Possible detectable
change in size/growth
rate (r) but minimal

1. Population size
Full exploitation rate
but long-term
recruitment dynamics

1. Population size
Affecting recruitment
state of stocks and/o
their capacity to

1. Population size
Likely to cause local
extinctions if
continued in longer

Unlikely to be impact on population| not adversely increase term
detectable against | size and none on damaged.

background dynamics.

variability for this

population.

1. Population size
Local extinctions are
imminent/immediate

Geographic range

2. Geographic range
No detectable chang
in geographic range.
Unlikely to be
detectable against
background
variability for this
population.

2. Geographic range
e Possible detectable
change in geographig
range but minimal
impact on population
range and none on
dynamics, change in
geographic range up
to 5 % of original.

2. Geographic range
Change in geographi
range up to 10 % of
original.

2. Geographic range
¢ Change in geographi
range up to 25 % of
original.

2. Geographic range
c Change in geographi
range up to 50 % of
original.

2. Geographic range
c Change in geographig
range > 50 % of
original.

Genetic structure

3. Genetic structure
No detectable chang
in genetic structure.
Unlikely to be
detectable against
background
variability for this
population.

3. Genetic structure
e Possible detectable
change in genetic
structure. Any changge
in frequency of
genotypes, effective
population size or
number of spawning
units up to 5%.

3. Genetic structure
Change in frequency
of genotypes,

> effective population
size or number of
spawning units up to
10%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
25%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units,
change up to 50%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units >
50%.

Agel/size/sex structure

4. Agelsize/sex
structure No

4. Age/size/sex
structure

detectable change in

4. Agelsize/sex
structure

Possible detectable

4. Agelsize/sex
structure

Impact on population

Long-term

4. Agelsize/sex
structure

Long-term

4. Age/size/sex
structure Long-term

recruitment dynamics
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Scorellevel

Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
age/size/sex structure¢.change in dynamics at recruitment dynamicg recruitment dynamicy adversely affected.
Unlikely to be age/size/sex structure maximum sustainable adversely affected. | adversely affected. | Time to recover to
detectable against | but minimal impact | level, long-term Time to recoverto | Time to recover to original structure >
background on population recruitment dynamicg original structure up | original structure up | 100 generations free
variability for this dynamics. not adversely to 5 generations free| to 10 generations freg¢ from impact.
population. affected. from impact. from impact.

Reproductive capacity | 5. Reproductive 5. Reproductive 5. Reproductive 5. Reproductive 5. Reproductive 5. Reproductive
capacity capacity capacity capacity capacity capacity Change in
No detectable change Possible detectable | Impact on population| Change in Change in reproductive capacity|
in reproductive change in dynamics at reproductive capacity reproductive capacity adversely affecting

capacity. Unlikely to
be detectable agains

reproductive capacity
but minimal impact

maximum sustainable
level, long-term

adversely affecting
long-term recruitment

adversely affecting
long-term recruitment

long-term recruitment
dynamics. Time to

background on population recruitment dynamicg dynamics. Time to dynamics. Time to recovery > 100
variability for this dynamics. not adversely recovery up to 5 recovery up to 10 generations free from
population. affected. generations free from generations free fromm impact.
impact. impact.
Behaviour/movement 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/
movement movement movement movementChange in| movement movement

No detectable chang
in behaviour/
movement. Unlikely
to be detectable
against background
variability for this
population. Time
taken to recover to
pre-disturbed state o
the scale of hours.

b Possible detectable
change in behaviour/
movement but
minimal impact on
population dynamics.
Time to return to
original behaviour/
movement on the

n scale of days to
weeks.

Detectable change in
behaviour/ movemen
with the potential for
some impact on
population dynamics.
Time to return to
original behaviour/
movement on the
scale of weeks to
months.

behaviour/ movemen

I with impacts on

population dynamics,
Time to return to
original behaviour/
movement on the
scale of months to
years.

t Change in behaviour
movement with
impacts on
population dynamics.
Time to return to
original behaviour/
movement on the
scale of years to
decades.

Change to behaviour
movement. Populatio
does not return to
original behaviour/
movement.
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Table 5B. Bycatch and Byproduct species. Descriptioof consequences for each component and each sudmponent. Use table as a guide for scoring the lewaf
consequence for bycatch/byproduct species (Modificfdom Fletcher et al. 2002).

Scorel/level
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

Population size

1. Population size
Insignificant change
to population
size/growth rate (r).
Unlikely to be
detectable against
background
variability for this
population.

1. Population size
Possible detectable
change in size/growtt
rate (r) but minimal
impact on population
size and none on
dynamics.

1. Population size
No information is

n available on the
relative area or
susceptibility to
capture/ impact or on
the risk of life history
traits of this type of
species Susceptibility
to capture is
suspected to be less
than 50% and specie
do not have
vulnerable life
history traits. For
species with
vulnerable life
history traits to stay
in this category
susceptibility to
capture must be less
than 25%.

1. Population size
Relative state of
capture/susceptibility
suspected/known to
be greater than 50%
and species should b
examined explicitly.

n

1. Population size
Likely to cause local
extinctions if
continued in longer
term

1%

1. Population size
Local extinctions are
imminent/immediate

Geographic range

2. Geographic range
No detectable chang
in geographic range.
Unlikely to be
detectable against
background

2. Geographic range
e Possible detectable
change in geographig
range but minimal
impact on population
range and none on

variability for this

2. Geographic range
Change in geographi
range up to 10 % of
original.

dynamics, change in

2. Geographic range

c Change in geographig
range up to 25 % of
original.

2. Geographic range
Change in geographi
range up to 50 % of
original.

2. Geographic range
c Change in geographig

range > 50 % of

original.
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Scorel/level
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
population. geographic range up

to 5 % of original.

Genetic structure

3. Genetic structure
No detectable chang
in genetic structure.
Unlikely to be
detectable against
background
variability for this
population.

3. Genetic structure
e Possible detectable
change in genetic
structure. Any changs

in frequency of
genotypes, effective
population size or
number of spawning
units up to 5%.

3. Genetic structure
Detectable change in
genetic structure.

2 Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
10%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
25%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
50%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units >
50%.

Age/size/sex structure

4. Age/size/sex
structure
No detectable chang
in age/size/sex
structure. Unlikely to
be detectable agains
background
variability for this
population.

4. Agelsize/sex
structure

e Possible detectable
change in
age/size/sex structur
I but minimal impact
on population
dynamics.

4. Agelsizel/sex
structure

Detectable change in
age/size/sex

e structure. Impact on
population dynamics
at maximum
sustainable level,
long-term recruitmen
dynamics not
adversely damaged.

4. Agelsize/sex
structure

Long-term
recruitment dynamics
adversely affected.
Time to recover to
original structure up
to 5 generations free
from impact.

4. Age/size/sex
structure

Long-term
recruitment dynamicg
adversely affected.
Time to recover to
original structure up
to 10 generations fre
from impact.

4. Agelsizelsex
structure

Long-term
recruitment dynamics
adversely affected.
Time to recover to
original structure >

2 100 generations free
from impact.

Reproductive capacity

5. Reproductive
capacity

No detectable chang
in reproductive
capacity. Unlikely to
be detectable agains
background
variability for this
population.

5. Reproductive
capacity Possible

e detectable change in
reproductive capacity
but minimal impact

[ on population
dynamics.

5. Reproductive
capacity Detectable
change in
reproductive
capacity, impact on
population dynamics
at maximum
sustainable level,
long-term recruitmen

dynamics not

5. Reproductive
capacity

Change in
reproductive capacity
adversely affecting
long-term recruitment
dynamics. Time to
recovery up to 5
generations free from
impact.

5. Reproductive
capacity

Change in
reproductive capacity
adversely affecting
long-term recruitmen
dynamics. Time to
recovery up to 10
generations free from

5. Reproductive
capacity Change in
reproductive capacity
adversely affecting
long-term recruitment
dynamics. Time to
recovery > 100
generations free from
impact.

impact.
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Scorel/level
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

adversely damaged.

Behaviour/movement

6. Behaviour/
movement

No detectable chang
in behaviour/
movement. Unlikely
to be detectable
against background
variability for this
population. Time
taken to recover to
pre-disturbed state o
the scale of hours.

6. Behaviour/
movement

e Possible detectable
change in behaviour/
movement but
minimal impact on
population dynamics,
Time to return to
original behaviour/
movement on the

nscale of days to

weeks.

6. Behaviour/
movement
Detectable change in
behaviour/ movemen
with the potential for
some impact on
population dynamics,
Time to return to
original behaviour/
movement on the
scale of weeks to
months.

6. Behaviour/
movement
Change in behaviour/
t movement with
impacts on populatiorn
dynamics. Time to
return to original
behaviour/ movement
on the scale of month
to years

6. Behaviour/
movement
Change in behaviour
movement with
impacts on
population dynamics,
Time to return to
original behaviour/
smovement on the
scale of years to
decades.

6. Behaviour/
movement

Change to behaviour
movement.
Population does not
return to original
behaviour/ movement.




Level 1

69

Table 5C. TEP species. Description of consequendes each component and each sub-component. Use talads a guide for scoring the level of consequenae f
TEP species (Modified from Fletcher et al. 2002).

Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

Population size

1. Population size
Almost none are
killed.

1. Population size
Insignificant change
to population
size/growth rate (r).
Unlikely to be
detectable against
background
variability for this
population.

1. Population size
State of reduction on
the rate of increase
are at the maximum
acceptable level.
Possible detectable
change in size/
growth rate (r) but
minimal impact on
population size and
none on dynamics of
TEP species.

1. Population size
Affecting recruitment
state of stocks or
their capacity to
increase.

1. Population size
Local extinctions are
imminent/immediate

1. Population size
Global extinctions are
imminent/immediate

Geographic range

2. Geographic range
No interactions
leading to impact on
geographic range.

2. Geographic range
No detectable chang
in geographic range.
Unlikely to be
detectable against
background
variability for this
population.

2. Geographic range
e Possible detectable
change in geographi
range but minimal
impact on population
range and none on
dynamics. Change in
geographic range up
to 5 % of original.

2. Geographic range
Change in geographi
range up to 10% of
original.

2. Geographic range
c Change in geographic
range up to 25% of
original.

2. Geographic range
Change in geographig
range up to 25% of
original.

Genetic structure

3. Genetic structure
No interactions
leading to impact on
genetic structure.

3. Genetic structure
No detectable chang
in genetic structure.
Unlikely to be
detectable against
background
variability for this
population.

3. Genetic structure
e Possible detectable
change in genetic
structure but minimal
impact at population
level. Any change in
frequency of
genotypes, effective

population size or

3. Genetic structure
Moderate change in
genetic structure.
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
10%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
25%.

3. Genetic structure
Change in frequency
of genotypes,
effective population
size or number of
spawning units up to
25%.
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Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

number of spawning
units up to 5%.

Age/size/sex structure

4. Age/size/sex
structure
No interactions
leading to change in
age/size/sex
structure.

4. Agelsize/sex
structure

No detectable chang
in age/size/sex
structure. Unlikely to
be detectable agains
background
variability for this
population.

4. Agelsizelsex
structure

e Possible detectable
change in
age/size/sex structur
but minimal impact
on population
dynamics.

4. Agelsizel/sex
structure
Detectable change in
age/size/sex

e structure. Impact on
population dynamics
at maximum
sustainable level,
long-term recruitmen
dynamics not
adversely damaged.

4. Agelsizel/sex
structure

Severe change in
age/size/sex structure
Impact adversely
affecting population
dynamics. Time to
recover to original
structure up to 5
generations free from
impact

4. Agelsizelsex
structure
Impact adversely

.affecting population

dynamics. Time to
recover to original
structure > 10
generations free from
impact

Reproductive capacity

5. Reproductive
capacity

No interactions
resulting in change ta
reproductive
capacity.

5. Reproductive
capacity

No detectable chang
in reproductive
capacity. Unlikely to
be detectable agains
background
variability for this
population.

5. Reproductive
capacity

e Possible detectable
change in
reproductive capacity
but minimal impact
on population
dynamics.

5. Reproductive
capacity
Detectable change in
reproductive
capacity, impact on
population dynamics
at maximum
sustainable level,
long-term recruitmen
dynamics not

5. Reproductive
capacity

Change in
reproductive capacity|
impact adversely
affecting recruitment
dynamics. Time to
recover to original
structure up to 5
generations free from

5. Reproductive
capacity

Change in
reproductive capacity
impact adversely
affecting recruitment
dynamics. Time to
recover to original
structure > 10
generations free from

adversely damaged. | impact impact
Behaviour/movement 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/ 6. Behaviour/
movement movement movement movement movement movement

No interactions
resulting in change tg
behaviour/
movement.

No detectable chang
in behaviour/
movement. Time to
return to original
behaviour/ movemen
on the scale of hours|

e Possible detectable
change in behaviour/
movement but
minimal impact on

I population dynamics

Detectable change in
behaviour/ movemen
with the potential for
some impact on
population dynamics.

Time to return to

Change in behaviour/
I movement, impact
adversely affecting
population dynamics.
Time to return to

Time to return to

original behaviour/

Change in behaviour/
movement. Impact
adversely affecting
population dynamics.
Time to return to
original behaviour/
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Sub-component

Scorellevel
1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable

original behaviour/
movement on the
scale of days to
weeks

original behaviour/
movement on the
scale of weeks to
months

movement on the
scale of months to
years.

movement on the
scale of years to
decades.

Interaction with
fishery

7. Interactions with
fishery
No interactions with
fishery.

7. Interactions with
fishery

Few interactions and
involving up to 5% of
population.

7. Interactions with
fishery

Moderate level of
interactions with
fishery involving up
t010 % of population

7. Interactions with
fishery

Major interactions
with fishery,
interactions and
involving up to 25%
of population.

7. Interactions with
fishery

Frequent interactions
involving ~ 50% of
population.

7. Interactions with
fishery

Frequent interactions
involving the entire
known population
negatively affecting
the viability of the
population.
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Table 5D. Habitats. Description of consequences f@ach component and each sub-component. Use tabgeaaguide for scoring the level of consequence for
habitats. Note that for sub-components Habitat typs and Habitat structure and function, time to recoer from impact scales differ from substrate, waterand
air. Rationale: structural elements operate on greter timeframes to return to pre-disturbance stateqModified from Fletcher et al. 2002).

Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
Substrate quality 1. Substrate quality | 1. Substrate quality | 1. Substrate quality | 1. Substrate quality | 1. Substrate quality | 1. Substrate quality
Reduction in the Detectable impact on| More widespread The level of reduction Severe impact on The dynamics of the

productivity (similar
to the intrinsic rate of
increase for species)
on the substrate from
the activity is unlikely
to be detectable.
Time taken to recove
to pre-disturbed state
on the scale of hours

substrate quality. At
small spatial scale
time taken to recover
to pre-disturbed state
on the scale of days
to weeks, at larger

r spatial scales
recovery time of
hours to days.

effects on the
dynamics of substrate
quality but the state
are still considered
acceptable given the
percent area affected
the types of impact
occurring and the
recovery capacity of
the substrateror
impacts on non-
fragile substrates this|
may be for up to 50%
of habitat affected,
but for more fragile
habitats, e.g. reef
substrate, to stay in
this category the %
area affected needs t

be smaller up to 25%,

of internal dynamics

> of habitats may be
larger than is sensiblé
to ensure that the
habitat will not be

, able to recover
adequately, or it will
cause strong
downstream effects
from loss of function.
Time to recover from
local impact on the
scale of months to
years, at larger spatia
scales recovery time
of weeks to months.

substrate quality with
50 - 90% of the

> habitat affected or
removed by the
activity which may

long-term survival
and result in changes
to ecosystem
function. Recovery
period measured in
years to decades.

|

seriously endanger it$

D

entire habitat is in
danger of being
changed in a major
way, or > 90% of
habitat destroyed.

Water quality

2. Water quality

No direct impact on
water qualityImpact
unlikely to be
detectable. Time
taken to recover to

2. Water quality
Detectable impact on
water quality. Time tg
recover from local
impact on the scale o

pre-disturbed state on

days to weeks, at

2. Water quality
Moderate impact on
water quality. Time to
recover from local

f impact on the scale o
weeks to months, at

larger spatial scales

2. Water quality
Time to recover from
local impact on the
scale of months to

f years, at larger spatid
scales recovery time

larger spatial scales

2. Water quality
Impact on water
quality with 50 - 90%
of the habitat affected
il or removed by the
activity which may

of weeks to months.

seriously endanger its

2. Water quality
The dynamics of the
entire habitat is in
danger of being
changed in a major
way, or > 90% of
habitat destroyed.
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Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
the scale of hours. recovery time of recovery time of days long-term survival
hours to days. to weeks. and result in changes
to ecosystem
function. Recovery
period measured in
years to decades.
Air quality 3. Air quality 3. Air quality 3. Air quality 3. Air quality 3. Air quality 3. Air quality
No direct impact on | Detectable impact on| Detectable impact on| Time to recover from| Impact on air quality | The dynamics of the
air quality.Impact air quality. Time to air quality. Time to local impact on the | with 50 - 90% of the | entire habitat is in
unlikely to be recover from local recover from local scale of months to habitat affected or danger of being
detectable. Time impact on the scale of impact on the scale of years, at larger spatial removed by the changed in a major
taken to recover to days to weeks, at weeks to months, at | scales recovery time | activity .which may way, or > 90% of
pre-disturbed state on larger spatial scales | larger spatial scales | of weeks to months. | seriously endanger its habitat destroyed.
the scale of hours. recovery time of recovery time of days long-term survival
hours to days. to weeks. and result in changes
to ecosystem
function. Recovery
period measured in
years to decades.
Habitat types 4. Habitat types 4. Habitat types 4. Habitat types 4. Habitat types 4. Habitat types 4. Habitat types

No direct impact on
habitat typesimpact
unlikely to be
detectable. Time
taken to recover to

Detectable impact on
distribution of habitat
types. Time to
recover from local
impact on the scale o

pre-disturbed state on days to weeks, at

the scale of hours to
days.

larger spatial scales
recovery time of days
to months.

Impact reduces
distribution of habitat
types. Time to
recover from local

f impact on the scale o
weeks to months, at
larger spatial scales
recovery time of
months to < one year

The reduction of
habitat type areal
extent may threaten
ability to recover

f adequately, or cause
strong downstream
effects in habitat
distribution and
extent. Time to
recover from impact
on the scale of > one

Impact on relative
abundance of habitat
types resulting in
severe changes to
ecosystem function.
Recovery period
likely to be > decadal

year to < decadal

The dynamics of the
entire habitat is in
danger of being
changed in a

catastrophic way. The

distribution of habitat
types has been shifte
away from original
spatial pattern. If
reversible, will
require a long-term

h

recovery period, on
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Score/level
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
timeframes. the scale of decades

to centuries.

Habitat structure
and function

5. Habitat structure
and function

No detectable change Detectable impact on

to the internal
dynamics of habitat
or populations of
species making up th
habitat. Time taken tg
recover to pre-
disturbed state on the

scale of hours to days.

5. Habitat structure
and function

habitat structure and
function. Time to
recover from impact
eon the scale of days
to months, regardlesg
of spatial scale

5. Habitat structure
and function

Impact reduces
habitat structure and
function. For impacts
on non-fragile habitat
structure this may be
for up to 50% of
habitat affected, but
for more fragile
habitats, to stay in
this category the %

area affected needs tomay be for up to 50%
be smaller up to 20%,

Time to recover from
local impact on the
scale of months to <
one year, at larger
spatial scales
recovery time of
months to < one year,

5. Habitat structure
and function

The level of reductior
of internal dynamics
of habitat may
threaten ability to
recover adequately,
or it will cause strong
downstream effects
from loss of function.
For impacts on non-
fragile habitats this

of habitat affected,
but for more fragile
habitats, to stay in
this category the %
area affected up to
25%. Time to recovel
from impact on the
scale of > one year tdg

< decadal timeframes.

5. Habitat structure
and function

Impact on habitat
function resulting
from severe changes
to internal dynamics
of habitats. Time to
recover from impact
likely to be > decadal

5. Habitat structure
and function

The dynamics of the
entire habitat is in
danger of being
changed in a
catastrophic way
which may not be
reversible. Habitat
losses occur. Some
elements may remain
but will require a
long-term recovery
period, on the scale @
decades to centuries




Level 1

75

Table 5E. Communities. Description of consequencésr each component and each sub-component. Use talads a guide for scoring the level of consequenae f
communities (Modified from Fletcher et al. 2002).

Scorellevel
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
Species composition 1. Species 1. Species 1. Species 1. Species composition 1. Species 1. Species
composition composition composition Major changes to the composition composition

Interactions may be
occurring which
affect the internal
dynamics of
communities leading
to change in species
composition not
detectable against
natural variation.

Impacted species dg¢
not play a keystone
role — only minor
changes in relative
abundance of other
constituents.
Changes of species
composition up to
5%.

Detectable changes
to the community
species composition
without a major
change in function
(no loss of function),
Changes to species
composition up to
10%.

community species
composition (~25%)
(involving keystone species
with major change in
function. Ecosystem
function altered measurably
and some function or
components are locally
missing/declining/increasin
outside of historical range
and/or allowed/facilitated
new species to appear.
Recovery period measured
in years.

structure and

) function. Ecosystem
dynamics currently
shifting as different
species appear in
fishery. Recovery
period measured in

j years to decades.

Change to ecosystemTotal collapse of

ecosystem processe
Long-term recovery
period required, on

the scale of decades
to centuries

Functional group
composition

2. Functional group
composition
Interactions which
affect the internal
dynamics of
communities leading
to change in
functional group
composition not
detectable against
natural variation.

2. Functional group
composition

Minor changes in
relative abundance
of community
constituents up to
5%.

2. Functional group
composition
Changes in relative
abundance of
community
constituents, up to
10% chance of
flipping to an
alternate state/
trophic cascade.

2. Functional group
composition

Ecosystem function altered
measurably and some
functional groups are locall
missing/declining/increasin
outside of historical range
and/or allowed/facilitated
new species to appear.
Recovery period measured
in months to years.

2. Functional group
composition
Ecosystem dynamics
currently shifting,

y some functional

J groups are missing
and new
species/groups are
now appearing in the
fishery. Recovery
period measured in
years to decades.

2. Functional group
composition

5 Ecosystem function
catastrophically
altered with total
collapse of
ecosystem processegs.
Recovery period
measured in decade
to centuries.

Distribution of the

community

3. Distribution of the

community

3. Distribution of the

community

3. Distribution of the

community

3. Distribution of the

3. Distribution of the

3. Distribution of the

community

community

community
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Scorel/level

Sub-component 1 2 3 4 5 6

Negligible Minor Moderate Major Severe Intolerable

Interactions which | Possible detectable | Detectable change in Geographic range of Change in Change in
affect the change in geographic range off communities, ecosystem | geographic range of| geographic range of
distribution of geographic range of communities with function altered measurably communities, communities,
communities communities but some impact on and some functional groups ecosystem function | ecosystem function
unlikely to be minimal impact on | community are locally altered and some collapsed. Change in

detectable against
natural variation.

community
dynamics change in
geographic range uf
to 5 % of original.

dynamics Change in
geographic range uf
to 10 % of original.

missing/declining/increasin
outside of historical range.
Change in geographic rang
for up to 25 % of the
species. Recovery period
measured in months to
years.

currently missing
eand new groups are
present. Change in
geographic range fo
up to 50 % of
species including
keystone species.
Recovery period
measured in years tq
decades.

y functional groups are

geographic range fo
>90% of species
including keystone
species. Recovery
period measured in
decades to centurieq.

Trophic/size
structure

4. Trophic/size
structure
Interactions which
affect the internal
dynamics unlikely to
be detectable again
natural variation.

4. Trophic/size

structure

Change in mean

trophic level,

biomass/ number in
steach size class up t

5%.

4. Trophic/size

structure

Changes in mean

trophic level,

biomass/ number in
b each size class up t

10%.

4. Trophic/size structure
Changes in mean trophic
level. Ecosystem function
altered measurably and
some function or

b components are locally
missing/declining/increasin
outside of historical range
and/or allowed/facilitated
new species to appear.
Recovery period measured
in years to decades.

4. Trophic/size
structure
Changes in mean
trophic level.
Ecosystem function
severely altered and
y some function or
components are
missing and new
groups present.
Recovery period
measured in years tq
decades.

4. Trophic/size
structure Ecosystem
function
catastrophically
altered as a result of
changes in mean
trophic level, total
collapse of
ecosystem processegs.
Recovery period
measured in decade
to centuries.

Bio-geochemical
cycles

5. Bio- and
geochemical cycles
Interactions which

5. Bio- and
geochemical cycles

5. Bio- and
geochemical cycles

Only minor changes

5. Bio- and geochemical
cycles

Changes in relative

5. Bio- and
geochemical cycles

Changes in relative

Changes in relative

5. Bio- and
geochemical cycles
Ecosystem function
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Score/level
Sub-component 1 2 3 4 5 6
Negligible Minor Moderate Major Severe Intolerable
affect bio- & in relative abundance of other | abundance of constituents | abundance of catastrophically
geochemical cycling| abundance of other | constituents leading| leading to major changes to constituents leading| altered as a result of
unlikely to be constituents leading| to minimal changes | bio- & geochemical cycling, to Severe changes tp community changes

detectable against
natural variation.

to minimal changes
to bio- &
geochemical cycling
up to 5%.

to bio- &
geochemical
cycling, up to 10%.

up to 25%.

bio- & geochemical
cycling. Recovery
period measured in
years to decades.

affecting bio- and
geo- chemical cycles
total collapse of
ecosystem processe
Recovery period
measured in decade
to centuries.
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2.3.1 Level 1 (SICA) Documents L1.1 - Target Spesi€€omponent; L1.2 - Byproduct and Bycatch Component_1.3 - TEP Species Component; L1.4 - Habitat
Component; L1.5 - Community Component

The profroma table below is used to record the S#BAlysis (steps 1-10). Tables of descriptionasequences for each component and
each sub component provide a gmde for scorindgethed of consequence (see Table above)

Direct impact| Fishing Activity Sub-component Unit of analysis =) Qo Rationale
of Fishing S % £ I @ §
S| 3% | 88 s€ [ 3 | 24| @
89| 82 |82 S¢ |2 | 8&|¢
28 =5 5o 23 | 2 52| g
58| E5 | 2% S5 f | §e| 2,
82 28 | 58 223 s | £28| &9
o< T =T OQownl Ev|lon| oL
Capture Bait collection
Fishing
Incidental
behaviour
Direct impact | Bait collection
without Fishing
capture Incidental
behaviour
Gear loss
Anchoring/
mooring
Navigation/
steaming
Addition/ Translocation of
movement of | species
biological On board
material processing
Discarding
catch
Stock
enhancement
Provisioning
Organic waste
disposal
Addition of Debris
non- Chemical
biological pollution
material Exhaust
Gear loss
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Direct impact

Fishing Activity © Sub-component Unit of analysis S o Rationale
of Fishing _ k) g £ o ° §
Sg| ¢ | &9 s | § | 5o 8
8o 82 | w2 §¢ | > |24l ¢
52|22 | 88 22 |3 | 853
20 ‘= © < = O Q c (2 =~
82| 83 | 58 ol 2158|823
a<| T E T OQow| Ec|lon| 0L
Navigation/
steaming
Activity/
presence on
water
Disturb Bait collection
physical Fishing
processes Boat launching
Anchoring/
mooring
Navigation/stea
ming
External Other fisheries
hazards Aquaculture
(specify the | Coastal
particular development
example Other extractive
within each activities
activity area) [ Other non
extractive
activities
Other

anthropogenic
activities
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2.3.11 Summary of SICA results (step 11)

The proforma report below provides a summary tdbdeel 1 (SICA) Document L1.§
of consequence scores for all activity/componentlmoations showing those that
scored 3 or above for consequence, and differamgi#ttose that did so with high
confidence (in bold). *Tony | suspect in reajigt those score 3 get bolded *

Level 1 (SICA) Document L1.6. Summary table of corsjuence scores for all activity/component
combinations.

Direct Activity Target species| Byproduct and | TEP species | Habitats Communities

impact bycatch species

Capture Bait collection
Fishing
Incidental
behaviour

Direct Bait collection

impact

without

capture
Fishing
Incidental
behaviour
Gear loss
Anchoring/
mooring
Navigation/
steaming

Addition/ Translocation

movement | of species

of

biological

material
On board
processing
Discarding
catch
Stock
enhancement
Provisioning
Organic waste
disposal

Addition of | Debris

non-

biological

material
Chemical
pollution
Exhaust
Gear loss
Navigation/
steaming
Activity/
presence on
water

Disturb Bait collection

physical

processes
Fishing
Boat
launching
Anchoring/
mooring
Navigation/ste
aming

Note: external hazards are not considered at [Zirethe PSA analysis

External Other fisheries

hazards
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Direct Activity Target species| Byproduct and | TEP species | Habitats Communities
impact bycatch species
(specify the
particular
example
within each
activity
area)
Aquaculture
Coastal
development
Other
extractive
activities
Other non
extractive
activities
Other
anthropogenic
activities

Individual plots of the SICA consequence scoresfarh component are generated in
the SICA spreadsheets and included within the fisteport. Examples are shown
below.

Target speciesirequency of consequence score differentiated leetlwgh and low
confidence.

ERAEF Level 1. Target Species Component

25
O High confidence (external)
O Low confidence (external)
20 B Low confidence (fishery) 1
O High confidence (fishery)
a 15
c
)
-]
o
L 10
I
5 -
0 . [
0 1 2 3 4 5 6

Consequence score
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Byproduct and bycatch species: Frequency of corsexpuscore differentiated between
high and low confidence

Bycatch/Byproduct Species Component

20 0O High confidence (external)
O Low confidence (external)

18 m Low confidence (fishery)

16 O High confidence (fishery)

14

12
10 -

Frequency

o N ~ O ©
L

I-ﬁ
2 3 4

Consequence score

TEP species=requency of consequence score differentiated leetlwgh and low
confidence (SICA excel workbook)

ERAEF Level 1. TEP Species Component

25 O High confidence (external)
O Low confidence (external)
20 W Low confidence (fishery)
@ High confidence (fishery)
>
8 15
[
>
o
w
5
0 []

0 1 2 3 4 5 6
Consequence score
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Habitats:Frequency of consequence score differentiated leetlwayh and low
confidence

ERAEF Level 1. Habitat Component
25 O High confidence (external)
O Low confidence (external)
20 B Low confidence (fishery)
@ High confidence (fishery)
3 15
c
<8}
>
O
g 10
LL
5
, L= _Hn
0 1 2 3 4 5 6
Consequence score

CommunitiesFrequency of consequence score differentiated eetwigh and low
confidence (SICA excel workbook)

ERAEF Level 1. Community Component

25 O High confidence (external)
O Low confidence (external)
20 B Low confidence (fishery)
@ High confidence (fishery)
& 15
c
)
>
o
L 10
(I
5 -
L ~ -
0 1 2 3 4 5 6

Consequence score
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2.3.12 Evaluation/discussion of Level 1(step 12)

This section should provide a brief discussiorhefrtesults of the Level 1 analysis. This
should summarise:

*  Which components had scores 3 or above

* Which hazards were NOT eliminated

* Any significant external hazards and their liketypiortance relative to impacts

from the sub-fishery under analysis

* Provide some detailed discussion of any elemeatssttored 4 or above

» Discuss key uncertainties (especially those raguiti scores of 4 or above)

* Provide an overview of how the analysis “makes s&ns

Example below
No components were eliminated at Level 1 (at leastscore of 3 or above for each
component).

Most hazards were eliminated as low risk. For tieXX fishery, those remaining
included:

» Direct impact of capture by fishing (all componénts

» Direct impact without capture (habitats and comrties)

» Activity/presence on water (TEP)

* Physical disturbance from fishing (habitats and eamities)

Of these hazards the only ones assessed as “niBjsk score 4) were the direct
impacts of fishing on target species and on habifdtere were no hazards assessed at
risk score 5 or above associated with the XXXXdish

Hazards from external impacts included other figsefadjoining YYYY fishery
targeting same species), aquaculture (possiblgtaifginshore nursery areas), and
extractive (oil and gas exploration) and non-exivac(shipping) activities.

2.3.13 Components to be examined at Level 2 (step 13)

As a result of the preliminary SICA analysis, tleenponents that are to be examined at
Level 2 are those with any consequence scoreptBove. These components are:

» List them
The SICA has removed some components from furth&lysis, as these are judged to
be impacted with low consequence by the set ofities considered. Those
components excluded are

» List them
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2.4 Level 2 Productivity and Susceptibility Analysi s (PSA)

When the risk of an activity at Level 1 (SICA) oc@mponent is moderate or higher
and no planned management interventions that weunfdve this risk are identified, an
assessment is required at Level 2. The PSA appisachmethod of assessment which
allows all units within any of the ecological conmemts to be effectively and
comprehensively screened for risk. The units ofyaigare the complete set of species
habitats or communities identified at the scopitags. The PSA results in sections
2.4.2 and 2.4.3 of this report measure risk froraadiimpacts of fishing only, which in
all assessments to date has been the hazard withdhtest risks identified at Level 1.
Future iterations of the methodology will includ8As modified to measure the risk
due to other activities, such as gear loss.

The PSA approach is based on the assumption thaisthto an ecological component
will depend on two characteristics of the componants: (1) the extent of the impact
due to the fishing activity, which will be determathby the susceptibility of the unit to
the fishing activities (Susceptibility) and (2) theoductivity of the unit (Productivity),
which will determine the rate at which the unit canover after potential depletion or
damage by the fishing. It is important to note that PSA analysis essentially measures
potential for risk (hereafter noted as risk). A s& of absolute risk requires some
direct measure of abundance or mortality rateHerunit in question, and this
information is generally lacking at Level 2.

The PSA approach examines attributes of each hatitcontribute to or reflect its
productivity or susceptibility to provide a relagivneasure of risk to the unit. The
following section describes how this approach igliap to the different components in
the analysis. Full details of the methods are dlesdrin Hobday et al. (2006).

Species
The following Table outlines the seven attributest tare averaged to measure

productivity, and the four aspects that are mu#gbto measure susceptibility for all the
species components.

Attribute

Productivity Average age at maturity

Average size at maturity

Average maximum age

Average maximum size

Fecundity

Reproductive strategy

Trophic level

Susceptibility Availability considers overlap of fishing effort thia species distribution

Encounterability considers the likelihood that ad@ps will encounter fishing
gear that is deployed within the geographic rarfgbat species (based on two
attributes: adult habitat and bathymetry)

Selectivity considers the potential of the geazapture or retain species

Post capture mortality considers the condition sutstkequent survival of a
species that is captured and released (or discarded
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During the Level 2 assessment, each unit of arslyshin the ecological component
(species, habitat, or community) is scored for vigth regard to attributes in these two
classes and the output graphed to produce a P$AHdoire 13).
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Figure 13. The axes on which risk to the ecologicahits is plotted. Thex-axis includes attributes
that influence the productivity of a unit, or its ability to recover after impact from fishing. The y-
axis includes attributes that influence the suscetttility of the unit to impacts from fishing. The
combination of susceptibility and productivity detemines the relative risk to a unit, i.e. units with
high susceptibility and low productivity are at highest risk, while units with low susceptibility and
high productivity are at lowest risk. The contour ines divide regions of equal risk and group units
of similar risk levels.

The Level 2 PSA Excel workbook (species and habitats)

The PSA for species components (habitat and contgncmimponents are similar) is
completed using an Excel workbook has a numbdankétl worksheets as follows:

» Instructions worksheet: details on how to compteeePSA

» Deleted Units worksheet: list of units excludedirthe PSA, for species this is
usually due to insufficient taxonomic resolution doplication of species.

» Attributes worksheet: download from ERAEF databamaaining the raw
information on the attributes of each species,taglor community type.

» Attributes statistics worksheet: gives statistinsattribute information and is
used as a guide to the availability of informationundertaking the PSA.

» Susceptibility stock proxies worksheet: contairesttiible used to determine if a
correction to the Availability score for a spedeseeded based on the risk that
stock structure exists in the species being conside

» Susceptibility coding, category, score worksheeirtains tables that assist the
scoring of units in the susceptibility worksheet

» Susceptibility worksheet: used to score the sugméyt axis of the PSA

* Productivity worksheet: used to score the proditgtaxis of the PSA

» Ranking worksheet: used to calculate the oversll scores based on the
Productivity and Susceptibility scores.

* PSA graphs: shows the distribution of the PSA sctethe component(s).
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» Summary of Productivity, Susceptibility rankingsnksheet, sorted by
component and taxa groups to allow ease of intetoa.

There are seven steps for the PSA undertaken ébr@mponent brought forward from
Level 1 analysis.

Step 1 Identify the units excluded from analysid dacument the reason for
exclusion (2.4.1)

Step 2 Score units for productivity (2.4.2)

Step 3 Score units for susceptibility (2.4.3)

Step 4 Plot individual units of analysis onto a PR¥At (2.4.4)

Step 5 Ranking of overall risk to each unit (2.4.5)

Step 6 Evaluation of the PSA analysis (2.4.6)

Step 7 Decision rules to move from Level 2 to Le¥¢P.4.7)

Level 2 documents to be completed are:
» Table of units excluded from analysis (step 1)
* PSA summary of results by components (steps 2 and 3
* PSA results summary of stakeholder discussions
* PSA plot of units of analysis (step 4 generate®@ 83 workbook)
» PSA Uncertainty analysis of overall ranking (stegeberated by PSA
workbook)
» PSA evaluation (step 6 generated by PSA workbook)
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2.4.1 Units excluded from analysis and document the reason for exclusion (Step 1)

Species lists for PSA analysis are derived froremeobserver data where possible or, for fishevids no observer programs, from logbook
and scientific data. In some logbook data, therg omly be family level identifications. Where pdssi these are resolved to species level by
cross-checking with alternative data sources ascudsion with experts. In cases where this is assiple (mainly invertebrates) the analysis
may be based on family average data.

Some units of analysis identified during the scgpimy have to be excluded due to lack of datarootfter reasons such as low taxonomic
resolution (e.g. taxa named as “shark”, without#pimg a species). These exclusions should bemected at this stage in the PSA
workbook, and included in the ERA results repompasproforma table below. They may be addressedbisequent revisions of the ERAEF,
through additional research or information beconawgilable.

ERA_SPECIES_ [TAXA_NAME [SCIENTIFIC_NAME CAAB_CODE |FAMILY_NAME |COMMON_NAME [ROLE_IN_FIS |[SOURCE |Reason for deletion
ID HERY
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2.4.2 and 2.4.3 Level 2 PSA (steps 2 and 3)

Level 2 PSA Methodology: Species Components (Target, Byproduct/Bycatch,
TEP)

It is important to note that these risk valuesracstly determined by “intrinsic”
properties of the [unit] (productivity), and whillee relative fishery interactions are
measured through the susceptibility attributesessmsent of the actual impact of the
sub-fishery on the [units] is not made. This distion was made at Level 2, because for
many [units], information is absent. In additiontihe difficulty of obtaining

information, inclusion of an “impact” attribute suas “fraction of the population
killed/habitat destroyed” would reduce the impodaif such information in assessing
risk. In the limited cases when such informatioavailable, it is possible to assess true
ecological risk of the sub-fishery on the particylanit]. Inclusion of such an attribute
within the PSA would reduce its importance by ~Where n is the total number of
attributes. When this information is included odésthe PSA, it has a much more
powerful effect in deciding if the high-risk [uni§ ultimately at high or low risk from
the sub-fishery.

Thus, the impact of the fishery on the high-riskifs] identified through the PSA
should be assessed at Level 3 of the ERAEF, howexamination at Level 3 may not
be necessary if alternative information exists sTgossibility is explained in the
ERAEF Methods (Hobday et al., 2004). The advantddesvel 2 is that it allows the
low-risk [units] to be excluded from such intensauad expensive analysis. This
simplification and attempt to use data-poor techegymight still result in problems, for
example, a [unit] with low susceptibility and highoductivity would be ranked in the
low-risk category, and excluded from further ERA&Halysis. If, however, only a
limited number/area of the [units] remained, engyithat the sub-fishery would not
impact those remaining [units] might be extrematportant. The converse is also true;
a [units] might have been ranked high with regardusceptibility and low with regard
to productivity (high risk), and yet the fisheryght only capture one individual from a
population of several million every year. Thus, tleeel 2 PSA is intended to quickly
screen low from high-risk [units], such that resbaand management efforts can be
directed where most needed.

The high and moderate risk units identified in eesimponent in this PSA should be
considered at Level 3, or evaluated with regarat@rnative management strategies, as
outlined in Hobday et al (2004). We recommend khgi-risk units with high
uncertainty (a high number of missing attributdg)udd be the priority and focus in
additional data collection efforts before commiitio a Level 3 risk analysis for such
units.

Methods: Score species for productivity

The level of fishing impact a unit of analysis (esgecies, habitat type, or species
assemblage) can sustain will depend on the inhgreductivity of the unit. The
productivity determines how rapidly a unit can nemofrom depletion or impact due to
fishing. For example, the productivity of a unithuas a species or population is
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determined by species attributes such as longaynibyyth rate, fecundity, recruitment
and natural mortality. The productivity of a uniich as a “habitat type” is determined
by habitat attributes such as connectivity andmeggion rates. For community units,
the productivity might be determined by the divigrsir size of the members. While
units have inherent productivity, fishing can addfiect productivity of the unit
depending on the size of reduction in the unit #taedtemporal stage of the unit
dynamics when the impact occurs (e.g. the lifeestziga species taken by a fishery).
The attributes used to provide an index of the petidity of species in the [fishery:
sub-fishery] are recorded in Level 2 PSA Excel Wartk Productivity worksheet. The
attributes used to score productivity for the thspecies components are:

* Average age at maturity

* Average max age

* Fecundity:

* Average max size

* Average size at Maturity

* Reproductive strategy

» Trophic level (fishbase)

Methods: Score species for susceptibility

This section describes the methodology for scosimggeptibility in the species
components of the PSA. Susceptibility is estimagthe product of four independent
aspects; Availability, Encounterability, Selectvénd Post-capture Mortality (PCM).
The treatment of these aspects has been tailongtiize original datasets (e.g.
FishBase), and incorporate additional informat&uch as outputs from the BIOREG
Project (Lyne et al., 2005), and additional infotioi compiled by the ERAEF team
specifically for TEP species. The calculationsagied out within the excel
workbooks developed for the PSA analysis.

The level of fishing impact that a unit of analys@ sustain depends on its risk or
susceptibility to capture or damage by the subefiglactivities. For example, the
susceptibility of a unit such as a species is dated by species attributes such as
habitat overlap with the fishery, depth in the watglumn, and feeding method. The
susceptibility of a unit such as “habitat typetlistermined by abiotic habitat attributes
such as grain size and heterogeneity and the §ishigthod. The susceptibility of the
community units is determined by functional groedundancy, or trophic level
diversity. The attributes used to provide an indethe susceptibility of species in the
[fishery: sub-fishery] are described below and rded in the Excel PSA worksheet.

Susceptibility Aspect 1: Availability

Availability considers overlap of the fishing effavith a species distribution. Where a
fishery overlaps a large proportion of a speciegeahe risk is high because the species
has no refuge, and the potential for impact is high

Availability scoring
Availability is scored in the PSA spreadsheet using of two methods based on
available data.
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1. Default option for scoring availability
For species without detailed geographic distrimalanformation, availability is scored
based on broad categories, reflecting the poteiatiahe fishery to cause impact to the
species in question:

Globally distributed — low risk,

Southern Hemisphere — medium risk, or

Australian endemic — high risk.
In application, this method is typically applieddpecies that are data poor, as well as
highly migratory fishes such as tunas.

If this default method is used, the potential farltiple stocks must be considered.
Multiple stocks may lead to an increased risk witlation to fishery impacts. For
Australian fisheries, the impact on a widely distited species is likely to be low.
However even a restricted local fishery can prebait risks to an individual stock or
colony. For example, the Australian sea lion hasraber of genetically distinct
colonies across the south coast of Australia. Boresspecies, multiple stocks have

been identified in previous studies. These stookgwen separate consideration from
the start of the PSA analysis e.g. eastern andewegtey nurse sharks. For many data

poor species where stock structure has not bedrediuhe likelihood of separate
stocks is assessed using stock structure prokes€ 6). The main factoconsidered
when using the stock structure proxies are barttedispersal, rather than ability to

disperse. Most marine species have the abilitydpedse, either as adults or as larvae,

or both but barriers to dispersal vary betweenisgec

Table 6. Stock likelihood scores and rationale typefor reviewing availability risk scores for specie
without detailed distributional maps. Examples aren italic. Coding is automatically completed in

the PSA workbook

Rationale :

Score = Medium risk

. M
Type of barrier Score = Low risk (L) (medium c(hazce of local Score = High risk (H)
to dispersal (low chance of local stocks) stocks) (high risk of local stocks)
Rationale 1. 1L 1M 1H
Geographic Deep sea species >650 m: Pelagic and upper slope: Restricted to estuaries and or
barriers Semi-global water mass - Depth and water temperature | embayments on the shelf:
Antarctic bottom water. Some | barriers -mode water. Combination of lat, long,
depth barriers, too shallow: depth, coastal, water
temperature barriers
Rational 2. 2L 2M 2H

Temporal barriers

No seasonal peaks in
feeding, mating, spawning.

Some seasonal peaks but
breeding not restricted to a
particular season. E.g. batch
spawning teleosts, some
dogfishes

Species forms breeding
colonies or breeding
aggregations. Fishing is
permitted at or near breeding
or feeding aggregations

Rationale 3. 3L 3M 3H
Ecological barriers Occupiable habitat is Bycatch species has a Occupiable habitat is
(habitat dispersed through a species preference for a particular restricted by food availability
requirements or range. E.g. pelagic species type of habitat but habitat or bottom topography (reefs,
feeding) such as skipjack tuna occurs across 50% or the canyons etc). Fishing occurs
range of a fishery. Habitat is at or near restricted habitat
different to the habitat of the
target species and therefore
not targeted
Rationale 4. 4L IM 4H
Behavioral No behavior. E.g. algae No social behaviour e.g. Sea lion returns to birth place
barriers sunfish to breed and rear young.

Birds remain near rookery to
rear chicks. Migrating
populations targeted by
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. Score = Medium risk
Rationale : M)
Type of barrier Score = Low risk (L) (medium chance of local Score = High risk (H)
to dlspersal (low chance of local stocks) stocks) (high risk of local stocks)

fishing activity

Rationale 5. Early 5L 5M 5H
life history Larvae pelagic and dispersed | Few restrictions to dispersal. | Fry spawned in same river as
barriers easily, is dispersed in space E.g. larvae pelagic, but parent. River mouth is fished

and time.

adults only spawn in the

annually

Sargasso Sea.

For species where the default availability metrsdsed, the likelihood of multiple
stocks must be considered. Any species that ilyitsalbored as medium or low, based on
its distribution category is re-evaluated using$teck Structure Proxies TablEable

6). Any medium risk species need to be checked aghigh risk characteristics. For
example, the gannet is a bird distributed throughio&i southern hemisphere so its
default availability score would be medium risk.\wver, the gannet forms distinct
breeding colonies in the Furneaux group of BasaitStlands. This is a behavioural
barrier to dispersal. It is highly likely that trepecies forms separate populations and
the availability risk score is adjusted to highm8arly any species with a low default
availability score needs to be checked againstid@ium and high risk characteristics
in the stock structure proxy table. For examplénketpjack tuna and beaked whales
have global distributions and would initially raak low risk. Skipjack tuna do not have
any medium or high risk characteristics and woeldain low risk. On the other hand,
some globally distributed beaked whales have sehpeaks in breeding but are not
restricted to a particular geographic area to brébd availability risk scores for these
whales would be elevated from low to medium. Ipades is likely to have stocks
based on more than one rationale, then the higleest is used.

Scoring stock structure proxies

These stock likelihood proxies have been scoredIfarEP species and fish species
that do not have BIOREG maps (invertebrates havéewn scored to date) and loaded
into the ERAF database. These proxy scores aredawwith fishery-specific attribute
data downloads from the database. If the stocktstrel proxy is unavailable, then
availability defaults to high.

2. Availability scores for species with distribution maps

For species with good distribution maps, avail&pis scored using detailed mapping
analysis: the amount of overlap between fishingretind species distribution. The
distribution of a species is defined by BIOREG méjesmersal fishes) or DEH
distributional information (TEP species). Only distition within EEZ waters and the
jurisdictional boundary of each fishery is consaterThe effort mapping is based on
logbook data and is restricted to the last fouryeéfishing.

Availability = distributional range in Australia )/fraction of the species distribution
where current effort occurs.
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This analysis is performed for each mapped spesies) mapping software and is
repeated for each fishery. Results from the arabs then loaded into the database as
the fishery-dependant coding for availability. Thessults are then downloaded to PSA
workbooks for each fishery and availability is sssbautomatically using the following
cut-offs:

<10% overlap Low risk

10 — 30% overlap Medium risk

>30% overlap High risk
These cutoffs were set in a precautionary mannehd longer term it may be possible
to establish different cutoffs for dispersed, aggtang and migratory species. For
example, east coast orange roughy aggregate tonspatwo seamounts, St Helens Hill
and St. Patricks Head. Targeting these seasonadgajpns has resulted in overfished
status for this stock, even though effort on treessmounts covers less than 1% of the
species distribution. Conversely fishing across 40%e range of periwinkles is
unlikely to pose an ecological risk. Unfortunatiélwas beyond the resources of the
current project to set a range of cutoffs basethra risk. This is difficult, as the
ecology of most species examined is poorly knoveméver, this remains an area for
future validation attempts.

Where possible, the full geographic range of deaidishes and have been refined to
reflect core range (where say, 90% of individudila species occur). Ranges are refined
to core ranges using bathymetric distribution. Bathymetric contours of the preferred
depth of a species are projected onto a 2-dimeakiegional mapKigure 14). In the
example below, blue grenadier is reported to ofram 50 m — 1000 m but most adults
occur from 300-600 m (Dalest al. 1997). This method of refining to core ranges is
important in estimating availability of demersapep-slope fish and invertebrates, such
as blue grenadier and king crabs. For examplepberuslope is very steep, and
averages only 8 km wide around southern Austrilghing upper-slope stocks can be
highly targeted. The core distribution method actsdor this patternHigure 15).

»
i
- //
‘;n ;f

- I é’
\Li gt . . : . _j
\ ‘& -y
N .|-.‘1""\ ’ ﬂf‘

p———
Ly
L1
-

Blue_Grenadier

dMacruromer_novaezelandioe)

0 Average annual-catch 14997 -2000 (Kg) s




Level 2
94

Figure 14. Example mapping of the distribution of atch for a species.

Principal bathymetric distributions were obtainezhi text-books (Gomoat al. 1994,
Daleyet. al1997, Yearslegt al. 1999) or from observer data calculated as follows
mean average depth where a species was recordsthfidard deviation. Observer data
was only used to define core ranges when the drditeymetric range of a species lies
within the range of the observer program. Thi®ierisure that the core range obtained
is constrained by the distribution of the specather than the distribution of the
observer program, which could otherwise lead toaular argument. This constraint
also prevents over-representing the availabilitihehore species, such as bream, which
occur mainly in state waters outside the rangebstover data.

Overall, the scoring rule for availability is adléovs:
If there is a calculated fishing effort and specisitiution overlap value (this
may be further refined by the use of bathymetrnadat demersal fish) then use
overlap calculationKigure 15).
Otherwise use global distribution score and adjust for stetcidcture proxy. If
the stock structure proxy cannot be scored, thanadility defaults to high.

C. Species
distribution

Figure 15. Schematic of the availability calculatia. A. The core species distribution (D) overlap

with effort (B) is marked by the red square

Overrides for availability and special consideration of TEP species

In fisheries that have observer programs, with nkese that have been trained to
identify seabirds and marine mammals, observertinfay be used to adjust availability
scores for these TEP species. If an observer canmgrate that they can identify say a
blue whale, but he has only seen one during sayeafs experience on SEF Trawl
grounds, then availability is scored low. If thesebver can identify cape petrels and
sees them between 33% and 66% of days spent dishime grounds then availability
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then availability is medium etc. Unless there adependent field observations during
commercial operations it is not appropriate to ms@ual over-ride for availability.
Observer data should be verified in face to facseoler meetings to ensure that the
observer is qualified to identify the species coned.

Susceptibility Aspect 2: Encounterability

Encounterability considers the likelihood that adps will encounter fishing gear that
is deployed within the geographic range of thatsgse

Encounterability Scoring

The main component of encounterability considecgdfch species is its adult habitat.
This habitat is also checked to determine if & lg@thin a bathymetric zone where
fishing is permitted.

Habitat encounterability (fishery-dependent)

The habitat of each species was initially codedgigiishBase information (e.g. sand,
mud, rock or reef). Scoring tables were developeaach fishery but some FishBase
habitats were ambiguous and difficult to score, wide ranging and island. The habitat
codes were subsequently simplified and better értkeencounterability of the gear
(Table 7). Species are divided into benthic (bottom) speaiater column (pelagic)
species and air column species (birds, mammalsle®gyp Benthic species are further
divided into hard bottom (e.g. rock/reef) specied soft bottom (e.g. sand/mud)
species. Species that occur in the water columifusiteer divided into benthopelagic
(bottom third of the water column) mesopelagic (dhecthird of the water column) and
epipelagic (upper third of the water column). Specdhat occur in poorly known parts
of the deep ocean (700-3,000 m), where the watemgois poorly defined, may be
scored bathypelagic. Some species occur in moreaha habitat and a number of
habitat codes will be assigned. For these spetiesjsk score is initially set for the
worst case code. The risk score may be reducedcaitsultation and review but only if
appropriate. For example, orange roughy are tadgetsng demersal trawls. This
species occurs on hard bottom (medium encontegabgk for trawl) and also in the
bottom third of the water column/benthopelagic (hemcounterability risk). Initially the
risk score is set at high. The score is then resteat industry meetings. For example
skippers have been able to fly the net just offiitbtom and capture orange roughy in
aggregations over pinnacles. Therefore the riskesisonot altered.

Where possible, the original habitat informatiorswaed to code the new habitat
categoriesTable 7) but for some species additional searches of FEisBEnd text-

books were made (Gomat al. 1994, Daleyet. al1997, Yearslegt al 1999). All air
breathers are initially scored high risk becausecttnsequences of encountering the
fishing gear are higher —they could drown beforgwee and cannot escape the gear (see
also observer over-rides below). These speciesisanencounter the fishing gear

during deployment and retrieval.

Bathymetry check
The bathymetry check is used to check the encaalitity risk score for false positives
(species scored high, but should be lower). Thisylbagtric range of a species is
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categorised based on demersal provin€able 8). Bathymetry check coding is
completed in the ERAF database and scoring ocauiosretically in the PSA
workbook. However, for the purposes of manual neyilae bathymetry check is
explained below.

A species may be vulnerable to a particular ggze tlue to a common position within
the water column or on a common bottom type—higemtal risk. However if the
species occurs outside the bathymetric range isharly the actual risk is low. This type
of false positives is often related to the fishegulations, jurisdictional boundaries of
fisheries or imprecise logbook data. For exampittamn set gillnets have, in the past,
been highly effective at capturing gulper sharkéhsnSouthern Shark Fishery on hard
bottom in 300-600 m of water. So based on the typarand habitat, the potential
encounterability risk for gulper sharks in thishigsy would be high. However,
regulations no longer permit the use of gillnetsgr than 200 m. Therefore the actual
encounterability risk is low. A different type ofgilem occurs in the Auto-longline
Sector of the GHATF. Some early logbook data priesktoapture locations in 30 mile
grids. If that effort were analysed, it could obly resolved to a scale of 30 miles.
Potentially, fishing location errors at the scal@@ miles would suggest that this sector
overlaps with the distribution of many specieseadsorses. In reality the auto-longline
sector is restricted to waters deeper than 300drtfsere is no species of seahorse that
lives that deep in Australian waters. Thereforeatteial encounterability risk is low.

Scoring rule for encounterability as follows:
For non-TEP species encounterability is calculaigmatically in the PSA work sheet
using the minimum of the habitat and bathymetry sisores.

Special consideration of sub-Antarctic fisheries

The simple system of habitat scoring used in thAERpplies well to most demersal
and pelagic fisheries around the Australian contitblt, in the Antarctic and sub-
Antarctic waters, the relationship between the weddumn, the ocean floor and habitat
distribution is more complicated. Complicating farstinclude surface ice and deep
ocean trenches. Powerful circumpolar currents erstabng upwellings and regions of
seasonal high productivity around the continendy s&ib-Antarctic islands and well
offshore. A number of commercial species are batlagic with poorly understood
ecology. Fishing boats and gear are highly speedliFor these reasons, habitat risk
scores for sub-Antarctic fisheries should be cédisefaviewed taking into account the
characteristics of the fishing gear described endtoping documents for these fisheries.

Over-rides for encounterability and special consideration of TEP species

Habitat for marine birds, reptiles and mammalipelagic/air. All species are
potentially encountered during deployment andeedd of either demersal or pelagic
gear. These species are vulnerable to drowningédefpture. The default
encounterability score for these groups is highuakencounterability for birds
depends, in part, on mitigation measures which onagay not be effective. In fisheries
that have observer programs, encounterability scor@y be reduced. For example, if an
observer sees pilot whales every day he/she olsante-longline fishing but the pilot
whales never approach the gear or take fish ofhtiuks, then availability is high but
encounterability is over-ridden to low. Similarlyan observer had seen dark-browed
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albatross while shooting hooks on >2/3 days thexlahbility is high. If, however the
observer has never seen a dark-browed albatrog$ook then encounterability is low.
For fisheries without independent field observagidnring commercial fishing e.g.
observer programs, there are no over-rides of RwFEmMethodology.

Table 7. Habitat codes and scores for evaluating ¢hencounterability risk for a species. A check to
determine that the fishing gear examined can operatin the same habitat where the species lives.
For example scores for two gear types automaticallycored in the PSA spreadsheet.

Encounterability
risk scores

Encounterability
risk scores

Habitat | Example Fishery 1. | Example fishery 2:
Habitat name | Habitat Definition Code Otter trawl gear Tuna longline gear
Hard Bottom | ROCks, reefs etc. B > !
Soft Bottom Sands, muds etc. B 9y -
Epipelagic Top third of the water column, near the surface EP L H
Mesopelagic Middle third of the water column MP L .

Bottom third of the water column, near the

Benthopelagic | bottom BP H

|

Bathypelagic Deepwater, 700-3000 m BBP

Air column Birds, mammals, reptiles AR H H

Table 8. Bathymetry codes and scores for checkinge encounterability risk for a species. A check
to determine if fishing is permitted and practicalwithin the bottom depth range of the species
examined. Example scores for two fisheries are prided.

Example Fishery 1. Example Fishery 1.
Auto-longline Fishery Southern Shark
score for bathymetry Fishery score for
check bathymetry check
(Permitted in upper slope (Permitted only in
Province depth Province provinces 300-800 m inner-shelf province <
Province name range (m) code only) 80 m)
Inner Shelf 0-110 1 L H
Outer Shelf 110-250 2 L L
Upper Slope 250-565 3 H L
Mid-Upper Slope 565-820 4 H L
Mid Slope 820-1100 5 L L
Lower slope/Abyssal 1100-3000 6 L L

Susceptibility Aspect 3: Selectivity

For species that do encounter fishing gear, selgctionsiders the potential of gear to
capture or retain the species.

Selectivity Scoring

The ideal way to determine selectivity would bedwact field experiments and gather
species-specific data on selectivity for everydistgear. For some fishery types these
experiments normally use nets with commercial siesh as well as smaller and/or
larger mesh. The alternative mesh sizes provide alafish that escape commercial
nets, as well as retained. Unfortunately thereoatg a few fisheries that have
undertaken this type of experiments. These incthdeSoutheast Trawl fishery and the
Southern Shark Fishery (Bax and Knuckey 1996, Wadkal. 2005).
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Selectivity of nets is affected by a number of dastincluding length, overall shape, fin
spines, swimming speed relative to tow speed of#a etc. Among these attributes,
only length is available for most of the thousaafispecies covered in the ERAF
database. Where available, size at maturity is vsther than maximum size. Size at
maturity is more typical of the individuals in aadation whereas very few individuals
reach maximum size for the species. For speciesengiee at maturity is not available,
maximum size is used.

Selectivity of hooks is defined by typical weiglofsthe species caught relative to the
breaking strain of the snood and the gaffing metiset! in the fishery.

Scoring rules for selectivity are as follows:
Risk categories for selectivity are defined by efis which are set by the fishery case
study leaders for each gear type

For nets, first establish mesh size. Enter the rszghon the ‘Susceptibility coding,
category, score worksheet in cell B85. The PSA wodk then automatically calculates
size cut-offs for different risk categories:

<mesh size=low risk

1-2 times mesh size=medium risk

> 2 times mesh size =high risk (based on Knucké&6};9

for species 4 m = medium risk, and

species over 5 m = low risk
The appropriate size measurement (size at maturityaximum size) is determined
automatically. Species are then coded and scottednatically for selectivity based on
their size. For most groups, when the size at rntgisrdouble the mesh size the risk of
being selected is high. The upper size cut-ofsduto eliminate large species. Basking
sharks up to 5 m long have been captured in tratel and gill nets but the risk of
capturing such large animals is low.

For hook fisheries, body weight cut-offs are deiead from observer data. These
weight cut-offs are converted to size cut-offs gdength weight relationships where
available.

Overrides for selectivity of long thin species

It has been suggested that shape be consideredsebeng selectivity. On face value
one might assume that long thin species such ad agd seasnakes could escape nets
more easily than boxfishes of similar total lengtlowever, in the early 1990’s
Australian trawlers caught over 80,000 sea snadsof 2000). Similarly arrow squid
are taken in high numbers in the SET and the GABGdre than 1,900 tonnes were
taken from 20022004 and in some years the trawl-caught squid dzstbeen higher
than the catch from the directed jig fishery. T$uggests that for moving trawl nets at
least, selectivity over-rides are not appropriBiecontrast it seems intuitive that a sea-
snake would be likely to escape a stationary @il i supporting data could be
obtained then such an override for changing ac#&gory may be appropriate. There
are no overrides without supporting data, in linghwse of the precautionary principle
in the ERAEF.
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Special consideration of the Southern Shark Fishery

This fishery is a special case. Even though itfwshad an official observer program,
detailed field observations have been undertaketoormercial boats and selectivity
experiments have been completed on a speciesisdesis for chondrichthyans and
teleosts. For this fishery, published papers hasnhused to provide selectivity
overrides (Walkeet al. 2005)

Overrides for selectivity and special consideration of TEP species

Potentially marine mammals, birds and reptilestmaselected if they encounter fishing
gear. These species are likely to be scored higltsaty risk based on their size.
However, other biological attributes and fisherstrietions may reduce these risks.
Observer data and face to face observer meetimgddshe used to review selectivity
risk scores. Scores should only be overridden basesipporting data from
independent observer programs or observer notesldiife interactions. For example,
in the Autolongline sector of the GHAT, observezaels show seahorses and plankton
feeders are not caught on hooks. It is hardly &ing that plankton feeding sharks and
whales are not attracted to bait. Likewise sealsdnsge tiny mouths which could never
take a hook. Selectivity risk for these specielsdak fisheries is overridden to low. In
the same fishery killer whales eat blue eye ofjlores, but often leave a fishes jaws
and part of its head on the hook. Killer whalesravecaptured by this gear (Ross Daley
field observations on commercial vessels 2005k @ity experiments suggest that
selectivity of hooks for most invertebrates is Ialkeret al. 2005) Molluscs such as
bailer shells, scallops etc. have low selectivithook fisheries.

Susceptibility Aspect 4: Post Capture Mortality (PQV)

Post capture mortality evaluates the case thaeapfured, a species would be released in
condition that would permit subsequent survivale FCM of a species is affected by its
biology and fishing practices. Biological factoirsit the potential of a species to be
captured alive. These biological factors can bessses] using expert judgement. For
example, sharks with spiracles, such as Port Jacksarks can breathe without
swimming and can survive on deck for many houcatured alive (Terry Walker
personal communication, Ross Daley field obsermat@005). The impact of fishing
practices on PCM is more difficult to evaluate amtkependent field observations are
needed. Handling practices vary between fishefiee.most important considerations
are the time taken to clear discards from the diecthe absence of expert judgement
and independent field observations the defaulteséduthe PCM of all species is high.
Scoring rule for PCM is as follows:

All species considered dead on capture = high PiSK unless there are observer data
or other verified field observations made duringhaeercial fishing operations.

Override scores for PCM

Observer meetings will be important for evaluatf@M. Where observers can verify
that fishers regularly release 2/3 of individudis @iven species alive during normal
fishing operations then the PCM risk is low. Fae 8outhern Shark Fishery, data is
available from Field experiments (Walketral. 2005).
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Level 2 PSA Methodology: Habitat Component

The PSA methodology is structured around a settbates that describe the intrinsic
risk (susceptibility) and resilience (productivityf) each particular habitat type to
impacts of the different fishing geafSdure 16). Attributes are derived from images,
expert opinion and scientific literature and reffldre definition of habitat as the seafloor
and attached fauna. In all cases the concept bémenattribute is explained, as well as
the rationale for its inclusion. These are folloviscthe apportioned ranks, which may
be derived in three ways; from the attribute tatslelf (e.g. Availability calculated by
GIS mapping), in some cases from associated Lo®kintes to be consulted for gear
specific scores, where necessary these are lobatezhth the related attribute, other
attribute scores are derived from the SGF scorbuated to each habitat type as listed
within Scoping Document S2AAn attempt has been made to automate attribute
scoring based entirely upon SGF scores, but foresattnibutes visualization of the
image or knowledge of the wider terrain as seerndao has been critical to appropriate
scoring, meaning some reliance on manual scorifgeré/this has been the case, expert
opinion has supported the scoring.

Representative images and corresponding habitatvdltbe linked within the ERAEF
database to enable visualization of habitat typefsshery, attribute, aspect of risk, or
risk ranking.

Level 2 PSA: Habitat attributes

A Productivity B Susceptibility
Al Regeneration of fauna B1 Availability
A2 Natural disturbance B1.1 General depth range (Biome)

B2 Encounterability
B2.1 Depth zone and feature type
B2.2 Ruggedness
B2.3 Level of disturbance
B3 Selectivity
B3.1 Removability/ mortality of fauna/ flora
B3.2 Areal extent
B3.3 Removability of substratum
B3.4 Substratum hardness
B3.5 Seabed slope

Figure 16. Habitat attributes used to score produgdvity and susceptibility in the PSA. The codes
beside each attribute are used in the following s#ons to link tables.

Step 1. Identify the habitat types excluded from aalysis and document the reason
for exclusion.

Step 2. Score productivity of habitat type

Two attributes are used to estimate this aspedtabitat risk. Habitat productivity is
defined here as the capacity for habitat to regeaend return to a pre-disturbance state
following the effects of fishing disturbance.
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Productivity is scored according to a rank: (1)d@ating the most productive, (2) the
intermediate state or (3), the least productiveesta

Productivity Attribute A1: Regeneration of fauna

In many cases, the age, growth and regeneraties dditsessile invertebrate species is
not known, however, where some data exists thidbbas applied to the taxa (faunal
group). Depth is regarded as a proxy for produstive. habitats in deeper waters take
longer to recover than those in shallow waters (&p6@hich tend to be adapted to
highly disturbed zones. It is important to recogrtimwever, that there will be variation
within groups Table 9andTable 10.
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Table 9. Description of Productivity Attribute A1l: Regeneration of Fauna

Productivity Ranks

fauna

of fauna

temperature, nutrients, and productivity.

of Fauna Lookup
Table

Table

Aspect Attribute Concept Rationale 1 2 3
Fauna have different intrinsic growth Annual. < Decadal. > Decadal.
Productivity Regeneration of Accumulation/ recovery and reproductive rates, which are also See Regeneration See Regeneration See Regeneration
variable in different conditions of of Fauna Lookup of Fauna Lookup

Table

Description and decision rules

Productivity Ranks

Non-automated category. Assessment requires data on age/ growth/ recolonisation of fauna/ flora. Data for
Australian fishery regions will not be available in most cases, and so reference to comparative data from studies
elsewhere is necessary. To some extent depth can be used as a general surrogate for accumulation and
recovery time (deeper=longer) and this relationship is reflected in the data from other studies. Here, ranks aim to
split fauna with regeneration times that are annual (1), < decadal (2) and > decadal (3), but see Regeneration
look up table for cross-reference between depth and faunal group. Decision rules : all fauna (other than
encrusting) in continental slope depths = rank 3. A precautionary approach if no information available for group/
area in question is that large bodied, cold water (temperate) animals = rank 3. # score shelf break as for upper
slope.## NPF and TSF considered independently.

See Regeneration of Fauna Lookup table (Table 10)

Table 10. Lookup Table for scoring Productivity Attribute Al: Regeneration of Fauna

No fauna/ ) . NPF and TSF only S ; ;
- Small sponges/ Low encrustings/ Ascidians/ o Crinoids/ Solitary/ Mixed
Ranks Bioturbators BV D SR bryozoans S Ll s Communiites/ H & S corals
mixed faunal communities/
Hard Corals

Coastal Margin 1 1 1 1 2 1
Inner shelf 1 1 2 2 2 2
Outer shelf 1 1 3 2 B 3
Upper slope 1 1 3 3 B 3
Mid-slope 1 2 3 3 ) 3
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Productivity Attribute A2. Natural disturbance
The natural disturbance regime that is assumeddorat specific depth zones is scored as an @iigrifpable 11andTable 12.

Table 11. Description of Productivity Attribute A2: Natural disturbance
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Productivity Ranks

intrinsic ability to recover

adapted to recover from disturbance

Aspect Attribute Concept Rationale 1 2 3
Level of natural . "
- . ) Frequently disturbed communities Regular or severe Irregular or moderate | No natural
TR NERUE GIEIIZERSE | GIEANSEITEE e natural disturbance natural disturbance disturbance

Description and decision rules

Productivity Ranks

Non-automated category. Natural disturbance is considered primarily in the context of water currents, but
other issues such as temperature fluctuations (e.g. coral bleaching) and predation may be relevant. The major
features of water currents are tidal movements, wave base (depth limit of wind-driven wave action ~60 m),
swell base (depth limit of storm-driven swell influence ~120 m) and local currents. Some general patterns are
recognized, e.qg. tidal flow models and depth related patterns, but expert judgment is also important. Details of
current strengths, direction and regularity of disturbances and their influence on fauna rarely documented.
Decision rules : only coastal and shallow inner shelf (surf zone to 60 m) and highly tidal or strong current-
prone areas are eligible for rank = 1, but quiescent shallow areas (<60 m) should rank higher. Deep inner shelf
and outer shelf (60-200 m) eligible for rank = 2. All continental slope depths (> 200 m) = rank 3.

See Natural Disturbance Lookup Table ( Table 12)

Table 12. Lookup Table for scoring Productivity Attribute A2: Natural Disturbance

Disturbance description Depths Rank
Regular or severe natural disturbance 60m 1
Irregular or moderate natural disturbance 60-200m 2
No natural disturbance >200m 3
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Other significant processes that contribute to taalproductivity that were not used due
to either lack of data or the difficulty of devigia ranking include:

» Habitat Connectivity. The concept behind this attribute is that relement by
recruitment is variable. Recruitment rates arecadig by several features of habitat
connectivity e.g. proximity, habitat abundancemelte, oceanographics, which
spatially and temporally influence habitat propagsgttlement and recruitment
dynamics. Ideally recruitment data would be useVi#ilable, or habitat rarity as a
% of total study area, may be applied as a sureogat

* Regeneration time of the substratumReplacement times of substrata are variable
as different substrata have different intrinsicusmaalation rates and rely on different
processes; however in every case accumulationreygliire extended geological
timeframes, which cannot be ranked reasonably.ilflessategories of consideration
are biogenic consolidated substrata, biogenic seatisrand other sediments

» Chain of habitats. Although this attribute may be more important fashite
species, it is worth consideration as it is largeiglear to what degree mobile
species play a role in maintenance of habitats.eSgood examples of ecosystem
engineers and keystone species exist, but notfidigiin relation to ‘chains of
habitats’. Habitat fragmentation is the greatesk af unregulated area access, and
little habitat monitoringSome habitats may be very patchy and isolatedanesp
e.g. seamounts. Adequate biodiversity protectioy require a network of habitats
to maintain these links.

Step 3. Score habitat type for susceptibility

Habitat susceptibility to fishing is the producttbfee independent aspects:
‘Availability’, ‘Encounterability’ and ‘Selectivity, Aspects may be characterized by one
or more attributes. The Post Capture Mortality aspésusceptibility considered in the
species component is not applied to habitats diigléodata.

Susceptibility Aspect B1. Availability
One attribute is used to score availability.

Susceptibility Attribute B1.1. General depth rangeof habitat

This attribute estimates the spatial overlap ofsthie-fishery with the habitat at the
largest scale considered within the jurisdictidmalindary of the sub-fishery (the
biome), measured as a proportion of the total knbalvitat area. This attribute can be
well quantified for all Australian CommonwealthHeries using published bathymetry
data and the AFMA management boundaries. Thidatgiis scored for each habitat
type usinglable 13.
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Table 13. Description of Susceptibility Attribute Bl.1: General depth range of habitat

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
Spatial overlap of iﬁﬁﬂ:gﬁz Bl st:iﬁﬂzgﬁg DY Sub-fishery overlaps
A General depth range sub-fishery with Habitat occurs within the PP . P _ majority of habitat at
Availability habitat defined at distribution at biomic | distribution at biomic biomic scale (>50%

of habitat (Biome)

biomic scale

management area

scale is small (<10%
habitat)

scale is 10-50%
habitat

habitat)

Description and decision rules

Susceptibility Ranks

This attribute estimates the spatial overlap of the subfishery with habitat defined at the 'biomic' scale - the

primary subdivision of the marine benthic realm into coastal margin (<25 m), continental shelf (25-200 m),

continental slope (200-2,000 m) and abyss (>2,000m). Overlap is estimated as the % overlap of the sub-
fishery area with the habitat distribution defined by biomes, where the boundary of the area analysed for
overlap is the sub-fishery area, e.g. SET, GHAT, GAB, NPF.

GIS analysis to compare map of fishery with biomes

Susceptibility Aspect B2. Encounterability

Three attributes describe the proportion of thaththvailable to the sub-fishery that is actualhzcountered by the sub-fishery (as determined
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by effort mapping). The first two attributes (Badd B2.2) describe known features of habitat desa@levant to fishing operations. To use
either implies some knowledge of habitat locatiextent and geomorphology, which may not be knowaeitail however, bathymetry data,
general descriptions and expert knowledge, and ladye of gear operational depths (derived from dadds and catch data) should be

available in most cases. The third attribute retéva encounterability (B2.3) attempts to descthelevel of disturbance generated by the
gear footprint characteristic of different geardgp

Susceptibility Attribute B2.1. Depth zone and featte type

It is essential to know the depth zone, and prbfer® know something of the horizontal distribatiaf the habitat type within depth zones. If
horizontal distribution is not known, a precautignapproach is to consider fishing effort in entliepth zones (sub-biomes). This attribute is

scored for each habitat type usifigble 14.
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Table 14. Description of Susceptibility Attribute B2.1: Depth zone and feature type

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
Habitat encountered at A Moderate overlap . A
- Depth zone and the depth and location at | Fishing takes place where Low ove_rlap @il of fishing and el O f|s_h|ng
Encounterability S - . and habitat ; L T overlaps habitat
feature type which fishing activity habitat occurs N habitat distribution S
distribution (<10%) distribution (>50%)
occurs (10-50%)

Description and decision rules

Susceptibility Ranks

This attribute estimates the % of the habitat fished. Habitat remains coarsely resolved - into primary depth
zones (sub-biomes) within biomes. From a Commonwealth fisheries perspective this differentiates the
inner and outer shelf, upper and mid-slope. In this attribute, fishing effort defines the fished area. Effort is
mapped at the scale for which ‘good’ data is available -in space and time, i.e. using latitude/ longitudes
in preference to ¥z degree grids, and aggregated data from 2001-2004, and also for all years for which
good records exist to capture historical detail. For special cases, feature type may also be important to
avoid under estimation and will need to be assessed in isolation, e.g. seamounts and canyons form small
fractions of the slope, but are specifically targeted. Decision rule: seamounts, canyons, bioherms and
other features known a priori to be special or highly vulnerable, or are foci for intensive fishing effort, are
ranked as high risk (3). If there is clearly no overlap with certain depth zones or features, then no further
scoring is necessary for those depth zones or features. Overlap is estimated as the % overlap of fishing
effort with the habitat distribution defined by sub-biomes, where the boundary of the area analysed for
overlap is the sub-fishery area, e.g. SET, GHAT, GAB.

GIS analysis to compare distribution of fishing eff ort with habitat
distribution

Susceptibility Attribute B2.2. Ruggedness (Fractatlimension and slope of substratum)
Ruggedness is based on the concept that the reigefsity, hardness, and slope of the substratfioeimce access by different gears e.g.
banks of hard rocks (‘reefs') vs flows/ accumufetiof loose rocks or sedimentary bedforms (‘handmis’) vs plains/ terraces of fine

gravel/sand/muds ('soft groundSpple 15) A lookup table has been designed against whidonsider the different fishing methodsable

16)). Information on seafloor relief is provided byet@eomorphology score given to each habitat typeeascoping stage, and from

consideration of slope angle of the habitat typgenrconsideration. The image of the habitat typstralso be consulted in some cases. Slope

is difficult to assess from still images and isréiere generally derived from video or expert opmiGeomorphology category indicates
which column to refer to in the Ruggedness Lookapld Table 16)depending on the sub-fishery being assessed.
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Table 15. Description of Susceptibility Attribute B2.2: Ruggedness

Susceptibility Ranks

Aspect Attribute

Concept

Rationale

1

2

Ruggedness (fractal
dimension of
substratum and
seabed slope)

Encounterability

Relief, rugosity,
hardness and seabed
slope influence
accessibility to different
sub-fisheries

Rugged substratum is less
accessible to mobile
gears. Steeply sloping
seabed is less accessible
to mobile gears

High relief (>1.0 m),
rugged surface
structure (cracks,

large boulders, rock
walls); > 10 degrees
slope.

crevices, overhangs,

Low relief (<1.0 m),
rough surface
structure (rubble,
small boulders,
rock edges); 1-10
degrees slope.

No relief, smooth
simple surface
structure (mounds,
undulations, ripples);
< 1 degree slope.

Description and decision rules

Susceptibility Ranks

Semi-automated category using 'Geomorphology' score from images

Geomorphology categories: 8 - 9 -- Column 1

Automated

Geomorphology categories: 4 -7-- Column 2

This category highly variable: expert check each

case

Geomorphology categories: 0 — 3, X -- Column 3

Automated

See ruggedness lookup table (Table 16) for gear-spe

cific rank

Table 16. Lookup Table for scoring Susceptibility Atribute B2.2: Ruggedness

Ranks for ruggedness (fractal dimension of
substratum and seabed slope)

Column 1

Column 2

Column 3

High relief (>1.0 m), rugged

surface structure (cracks,

crevices, overhangs, large
boulders, rock walls)

Low relief (<1.0 m), rough surface
structure (rubble, small boulders,
rock edges)

No relief, smooth simple
surface structure (mounds,
undulations, ripples)

> 10 degrees slope

1-10 degrees slope

< 1 degree slope

Fishery Method
BSS Dredge 1 1 3
CSF Hand Collection: Aquarium 3 3 1
CSF Trap (finfish/ crab) 2 3 3
CSF Demersal Longline 2 3 3
CSF Trawl 1 2 3
CSF Autolongline 2 3 3
CSF Other line: trot, set, drop, hand 2 3 3
GAB Shelf and Slope Trawl 1 2 3
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GHAT Shark Gillnet 2 3 3
GHAT Scale Autolongline 2 3 3
HIMI Demersal Trawl 1 2 3
HIMI Midwater Trawl 1 2 3
MIF Demersal Trawl 1 2 3
SET Otter Trawl 1 2 3
SET Danish Seine 1 1 3
NWS Deepwater Trawl 1 2 3
WDW Deepwater Trawl 1 2 3
NPF Prawn Trawl 1 1 3
TSF Prawn Trawl 1 1 3
TSF Hand Collection: Lobster 3 3 1

Susceptibility Attribute B2.3. Level of disturbance
This attribute measures the number of encountgrsresl to produce impact on benthic habitdishle 17) The gear size, weight and
mobility influences the relative disturbance oflegear type, reflected on the seafloor as a gedpriot.

Table 17. Description of Susceptibility Attribute B2.3: Level of disturbance

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
Degree of impact is
Gear footprint and dleilinlines o Uis fieaie sy Many encounters Several encounters Single encounter

Encounterability

Level of disturbance

intensity of encounters

and intensity of encounters
(inc. size, weight and mobility
of individual gears)

needed to cause impact | needed to cause impact

causes high impact

Description and decision rules

Susceptibility Ranks

Non-automated category. This is a complex attribute to score because it requires some understanding of
several issues: the removability of faunal/ floral types by different gear configurations (described in
"Removability/ mortality of fauna/ flora"), consideration of substratum hardness and removability, as well as
knowledge of gear footprint, and a fine scale analysis of effort distribution. Expert judgment needs to be
applied to the range of possible interactions and a precautionary approach taken.

See Level of Disturbance lookup table for gear-spec

ific rank (Table 18)
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Table 18. Lookup Table for scoring Susceptibility Atribute B2.3: Level of Disturbance

Ranks for Level of Disturbance

Many encounters
needed to cause

Several encounters
needed to cause

Single encounter
causes high impact

General characteristics of gear determining ranks

impact impact
Fishery Method Size Weight Mobility Footprint
HIMI Demersal Trawl 3 Large Heavy High Large
HIMI Midwater Trawl 3 Large Heavy High Large
MIF Demersal Trawl 3 Large Heavy High Large
GAB Shelf and Slope Trawl 3 Large Heavy High Large
SET Otter Trawl 3 Large Heavy High Large
NWS Northwest Slope Trawl 3 Large Heavy High Large
CSF Trawl 3 Large Heavy High Large
WDW Western Deepwater Trawl 3 Large Heavy High Large
NPF Otter Trawl 3 Large Heavy High Large
TSF Otter Trawl 3 Large Heavy High Large
SET Danish Seine 2 Large Intermediate Intermediate Intermediate
GHAT Scale Autolongline 2 Large Intermediate Low Intermediate
CSF Autolongline 2 Large Intermediate Low Intermediate
GHAT Shark Gillnet 2 Intermediate Intermediate Low Intermediate
CSF Demersal Longline 2 Intermediate Intermediate Low Intermediate
BSS Dredge 3 Small Heavy High Intermediate
Other line: trot, set, drop,
CSF hand 1 Small Intermediate Low Intermediate
CSF Hand Collection: Aquarium 1 Small Light High Small
CSF Trap (finfish/ crab) 1 Small Light Low Small
TSF Hand Collection: Lobster 1 Small Light High Small

Susceptibility Aspect B3.Selectivity
Five attributes of habitat describe its intringisseptibility to fishing gears, dependent upon getectivity. Fauna and substratum are
assessed separately because the elements congritutielectivity risk differ.
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Susceptibility Attribute B3.1. Removability/ mortality of flora/ fauna

The size, height, robustness, flexibility and stuual complexity of the attached invertebrate fawilhinfluence whether it will be removed

or killed by interaction with fishing gears. Gengrdarge, erect, rugose, inflexible and delictems living on the seabed (epifauna) are most
vulnerable, compared to small, low, encrustingifiee, robust or deep burrowing forms (infauna) jethare least vulnerable. Faunal scores
are derived from the Fauna score given to eachdidppe at the scoping stage (Scoping habifable 2). Faunal categories indicate which
column to consider in the Removability of Faunar&lLookup TableTable 20. Table 20outlines the relative risk associated with ‘form’
depending on the fishing method, and demonstratesrisk to selectivity by bottom-contact gears asiable.

Table 19. Description of Susceptibility Attribute B3.1: Removability/ mortality of flora/ fauna

Susceptibility Ranks

bioturbating infauna)

depths impacted by mobile

gears) are preferentially
removed or damaged.

robust or deep
burrowing types.

moderately robust or
shallow burrowing

types.

Aspect Attribute Concept Rationale 1 2 3
_Erect_, large, JgJessh Erect or medium .
) inflexible, delicate epifauna Low, robust or small sized (but < 30 cm), Tall, delicate or large
Removal/ mortality of and flora, and large or (<5 cm), smooth or moderately rugose or (> 30 cm high),
Selectivity Removability/ mortality structure forming delicate and shallow flexible t’ypes OR inflexible. OR rugose or inflexible,
of fauna/ flora epifauna/ flora (inc. burrowing infauna (at ' ! OR delicate or

shallow burrowing
types.

Description and decision rules

happens?

This is a complex attribute to score for reasons of high diversity in types of fauna and flora present, and non-standardized gear within a sub-fishery. For example, within demersal
trawl the range of factors that influence removability include footrope weight, use of chains, roller/ bobbin size, bridle configuration, door weight. The range of possible interactions
needs to be considered and a conservative approach taken. Note 'footprint' and 'intensity’ covered elsewhere. This attribute is questioning whether mortality occurs if the interaction

Semi-automated category using 'Fauna' score from images

Susceptibility Ranks

Fauna Categories: 0, 6, 9 -- Column 1

Category 6 may vary with gear type; expert check in

each case

Fauna Categories: 2, 8, BV -- Column 2

Category 2 may vary with gear type; expert check in

each case

Fauna Categories: 1, 3, 4, 5, 7, SG, HC -- Column 3

Automated

specific rank (Table 20)

See Removability of Fauna/Flora lookup table for ge  ar-
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Table 20. Lookup Table for scoring of Susceptibily Attribute B3.1.:

Removability of Fauna/Flora

Column 1

Column 2

Column 3

Ranks for Removability / mortality of Fauna/ Flora

Low, robust or small
(<5 cm), smooth or
flexible types, OR
robust or deep
burrowing types

Erect or medium
sized (but < 30 cm),
moderately rugose or
inflexible, OR
moderately robust or
shallow burrowing
types

Tall, delicate or large
(> 30 cm high),
rugose or inflexible,
OR delicate or
shallow burrowing

types.

Fishery Method
BSS Dredge 3 3 3
CSF Hand Collection: Aquarium 1 1 1
CSF Trap (finfish/ crab) 1 2 2
CSF Demersal Longline 1 2 2
CSF Trawl 1 2 3
CSF Autolongline 1 1 3
CSF Other line: trot, set, drop, hand 1 1 2
GAB Shelf and Slope Trawl 1 2 3
GHAT Shark Gillnet 1 2 3
GHAT Scale Autolongline 1 1 3
HIMI Demersal Trawl 1 2 3
HIMI Midwater Trawl 1 2 3
MIF Demersal Trawl 1 2 3
SET Otter Trawl 1 2 3
SET Danish Seine 1 2 3
TSF Otter Trawl 1 2 3
TSF Hand Collection: Lobster 1 1 1
NWS Northwest Slope Trawl 1 2 3
WDW Western Deepwater Trawl 1 2 3
NPF Otter Trawl 1 2 3
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Susceptibility Attribute B3.2. Areal extent

This attribute estimates the areal extent of hacdsaft grounds as a proportion of the sub-fislaeea, stratified by deptié4ble 21and

Table 22. Hard grounds occur in patches within large sedinplains, tend to increase habitat complexitytgpatally provide attachment
surfaces for fauna, and consequently act as sue®d@ faunal distribution. Hard grounds are galietess common than soft sediments, and
may be rare at some depths i.e. upper and mid sidpe southeast of Australia (rank 3 indicateghhisk of risk to interactions with fishing
gears). Rare habitats may contain rare speciegjemdnstrate a reduced capacity to recover. Therdsto be some regional consideration
of this attribute. Most often the extent and dimition of habitat types defined at this scale iskmmwn, so these ranks have been determined
by estimates of hard versus soft grounds provigeiishers for some areas, and acoustic surveyseindtific mapping also for some areas.
Information to score this attribute is containedhivi the Habitat database ‘Substratum Hardnegsbate, and can be scored from sediment

size derived from the Substratum score given tddigtat at the scoping stage (Scoping habitable 2).
Table 21. Description of Susceptibility Attribute B3.2: Areal Extent

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
Effective degree of impact e
- How much of each greater in rarer habitats: C_orr_1mon & Lo Moderately COmon Rare (<1%) within
Selectivity Areal extent s F ; S within the sub- (1-10%) within the X
habitat is present rarer habitats may maintain | .. s the sub-fishery.
) fishery. sub-fishery.

rarer species.

Description and decision rules Susceptibility Ranks

This attribute will frequently be difficult to estimate because the finer scale distribution of habitats is
usually not known - but in cases where a rare habitat is known and mapped it is important to incorporate
this into the scoring, otherwise use the lookup table based upon expert opinion. The attribute is related to
the 'Depth zone and feature type' attribute used in Encounterability, but will permit finer scale evaluation See Areal Extent lookup table for rank (Table 22)
in cases where mapping has been completed. Note also, there is an element of Productivity covered too,
since rarer habitats may have less capacity to recover, i.e. be less resilient. This attribute estimates the %
of the habitat type with a depth zone (sub-biome).

Table 22. Lookup Table for scoring of Susceptibilig Attribute B3.2: Areal Extent

Ranks Hard substratum Soft substratum Gravel substratum
Coastal Margin (<25m) 2 1 2
Inner shelf (25-100m)
Outer shelf (100-200m)
Upper slope (200-700m)
Mid-slope (700-1500m)

1
1
1
1

W W [w N
NN NN
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Susceptibility Attribute B3.3 & B3.4. Removability of substratum & Substratum hardness

Substratum hardness and clast size influencesageass, degree of impact, residual effect, andritaptly, the structure of the sessile
invertebrate community preseftable 23) Substratum type will strongly influence whethenot the seabed will be degraded by contact of
fishing gears, e.g. hard rocky bottom is intrinjcenore resistant to impact, and prevents theaisertain gears, whereas, softer sedimentary
or weathered rock is more susceptible being braeierand intermediate sized components, such asi@suthat form attachment sites for
sessile animals, can be permanently removed. Satiimé&om types are less resistant, but are maitker to impact. They accumulate
relatively rapidly, and are ‘re-worked’ by burrowianimals that turn over the sediment and creafecaistructures such as mounts and pits
that are used by other seabed surface dwellerscdi®@ Removability of substratum, use the Substrattore from habitat scoping (Scoping
habitats:Table 2), and refer as directed to the appropriate colimthe associated lookup tablEaple 24). To score Substratum Hardness

(Attribute B 3.4) use the Substratum score fromithalkcoping (Scoping habitafable 2).

Table 23. Description of Susceptibility Attribute B3.3: Removability of Substratum

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
Intermediate sized clasts Immovable (bedrock | <6cm 6cmto3m
(~6 cm to 3 m) that form and boulders >3 m). (transferable). See (removable). See
L Removability of Certain size classes ; f See Removability of | Removability of Removability of
Selectivity attachment sites for sessile
substratum can be removed substratum lookup substratum lookup substratum lookup
fauna can be permanently
table for gear table for gear table for gear
removed o o o
specific rank specific rank specific rank

Description and decision rules

Checks are particularly important for friable hard bottom such as when sedimentary rocks are present as so

includes the dead biogenic matrix formed by stony and deepwater reef-building corals.

ft ledges or slab boulders in canyon heads. Removable substratum

Semi-automated category using Substratum score from images

Susceptibility Ranks

Categories 5 and 6 -- column 1

check image +/- expert opinion in each case

Categories 0 - 3 (mud, fine and coarse
sediments, gravel/ pebble), X -- column 2

Automated

See Removability of Substratum lookup table for gea  r specific
rank (Table 24)

Category 4 (cobble/ boulder/ slab) -- column 3

check image +/- expert opinion in each case
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Table 24. Lookup Table for scoring of Susceptibili Attribute B3.3: Removability of Substratum

Column 1

Column 2

Column 3

Ranks for Removability of substratum

Immovable (bedrock and|
boulders >3 m)

< 6 cm (transferable)

6 cm to 3 m (removable)

Fishery Method
BSS Dredge 1 2 3
CSF Hand Collection: Aquarium 1 1 2
CSF Trap (finfish/ crab) 1 1 1
CSF Demersal Longline 1 1 1
CSF Trawl 1 2 3
CSF Autolongline 1 1 1
CSF Other line: trot, set, drop, hand 1 1 1
GAB Shelf and Slope Trawl 1 2 3
GHAT Shark Gillnet 1 1 1
GHAT Scale Autolongline 1 1 1
HIMI Demersal Trawl 1 2 3
HIMI Midwater Trawl 1 2 3
MIF Demersal Trawl 1 2 3
SET Otter Trawl 1 2 3
SET Danish Seine 1 2 3
TSF Otter Trawl 1 2 3
TSF Hand Collection: Lobster 1 1 1
NWS Northwest Slope Trawl 1 2 3
WDW Western Deepwater Trawl 1 2 3
NPF Otter Trawl 1 2 3
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Table 25. Description of Susceptibility Attribute B3.4: Substratum hardness

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3
- Composition of Harder substratum is Hard (igneous or Soft (sedimentary or .
SR s s substrata intrinsically more resistant indurated) lithotypes | weathered) lithotypes SRRMETE

Description and decision rules

Automated category using Substratum score from images Susceptibility Ranks
Category 5 (igneous/ metamorphic rock) Automated 1
Category 4, 6, 7 (sedimentary rock, cobble/ boulder/ slab, biogenic substrata) Automated 2
Categories: 0 — 3, X (mud, fine sediments , coarse sediments, gravel/ pebble) Automated 3

Susceptibility Attribute B3.5. Seabed slope

Some fisheries target steep grounds that occunegontinental slope, seamounts, plateaus and rankshing impact may be greater on
steep slopes because gravity (or latent energgfergrassists in moving habitat structures sudboasders downhill once they are dislodged,
and faunal densities are often grealale 26) This attribute assesses the relative risk of chfrmknown features as they are represented
within primary depth zones (those of greater sigd higher) Table 27).

Table 26. Description of Susceptibility Attribute B3.5: Seabed slope

Susceptibility Ranks

Aspect Attribute Concept Rationale 1 2 3

Gravity or latent energy transfer
assists movement of habitat
structures e.qg. turbidity flows, larger See Slope lookup See Slope lookup See Slope lookup
clasts. Greater density of filter table for rank table for rank table for rank
feeding animals found where
currents move up and down slopes.

Mobility of substrata once
Selectivity Seabed slope dislodged; generally higher
levels of structural fauna

Description and decision rules Susceptibility Ranks
This attribute can be applied at the habitat scale of depth zone (sub-biome) or feature. Many habitats of the
upper slope are relatively steep compared to the shelf; many habitats of canyons are relatively steep
compared to adjacent plains and terraces. Numerically, if data are available, ranks should be split at 1 degree,
1-10 degrees, >10 degrees. Decision rule : canyons and seamounts = rank 3; upper slope, rank =2, unless the
substratum is identified as rocky bank when rank =1. Where a feature does not appear within a sub-biome it is
indicated by a dash.

See Slope lookup table for rank (Table 27)
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Table 27. Lookup Table for scoring of Susceptibilig Attribute B3.5: Seabed slope

Ranks Plains Terraces Canyons | Seamounts / Bioherms Rocky banks/ Fringing reefs
Coastal Margin 1 - - 3 (Bioherms) 1
Inner shelf 1 -- -- 3 (Bioherms) 1
Outer shelf 1 - 1
Upper slope -- 3 (seamounts) 1
Mid-slope 1 3 (seamounts)
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Level 2 PSA Methodology: Community Component

The objective of the community assessments isantity whether a community is at
potential risk from fishing through significant aelges to properties such as species
composition, structure and function, and distribatiThis is a daunting task at best in
data rich analyses, and elsewhere potentially dvelwing. Most commonly there is
information on a subset of species in a commuagywhen research has focused on the
predators and prey of a species of commercial itapoe, thus supporting the definition
of a “relevant subsystem”. Where a more complattupe of membership is known
there is justification for a “full” description a@he system, recognizing that seldom are
all species in a community or environment fully tmo Therefore three general kinds
of techniques could be applied, depending on & kef knowledge of trophodynamics
in the system: topological analyses, qualitativelats, and quantitative models. The
first two techniques are suitable for the leveesquantitative approach whereas the
last technique is a level 3 approach.

Some of the community metrics widespread in comigwedology are measures of the
systems’ resilience or stability. They measureathiéity of the system to maintain its
integrity while being perturbed and to return ®ptevious state. However, many of
these attributes can only be derived from quantéanalyses, and are therefore
unsuitable for use at this level. Some are derfx@u both productivity and
susceptibility aspects of an ecosystem or commumitytherefore difficult to map into
either productivity or susceptibility streams i tturrent PSA analysis method which
has been developed and applied to the individuadiep. While we acknowledge that
modification to our rationale may be necessaryhenfuture, we have taken the view that
any attributes that are intrinsic to the commusiggbility to maintain itself such as
growth, or stability, the attributes are deemeadorctivity” but if related to
exploitation or removal then they are deemed “Spisoiity”.

The ramifications of potential perturbations incamenunity will be dependent on the
connectedness of the species and their abilitgftoence the other species. We used
qualitative techniques of response to perturbadiwhtopological analyses to derive
metrics such as key players, error sensitivity bieae we considered to be productivity
attributes. Identifying the high risk species fridm PSA analyses for species provided a
starting point for these qualitative analyses. Myuantitative susceptibility measures
such as the number of species that are fishedhoglatrisk logically places a functional
group at risk of loss of function, and if severes twhole community may be at risk.

Cumulative effects on species from all fisheriegehaot been addressed in these
assessments, but remain an important risk for axaamity. While a species might be
caught in many fisheries, the overall catch ratghtbe relatively low. If the population
biomass is small or the species represent a signifiproportion of a functional group
the impact could be severe. Alternatively, if itsrhass is large or it represents a very
small portion of a functional group the impact migk small. Whilst we do not address
this problem in this stage, we developed seveshEfiy-specific spatial metrics, such as
the % overlap of the fishery with the communityesss®d and the proportion of the total
catch per species caught by sub-fishery within ¢batmunity to derive proxy
susceptibility attributes for the community. Thast attribute might be integral to
determining cumulative effects in the future.
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The following table (Table 1) is a list of all dlttntes identified as being relatively
simple to calculate within the bounds of the semasgitative method, i.e. do not
require explicit quantitative data such as requicgdecosystem modelling or stock
assessments. Some attributes will require knowlefigfee community members and
some build on individual risk ratings from spedrRSA analyses. The rankings of high,
medium and low follow the rationale for speciest &@me attributes, e.g. topological
analyses and diversity measures, rankings havieesst determined or are arbitrary
until we have results from more community analysedetermine an appropriate range.

Species compilations

All communities around Australia were populatediatiy with species from the CAAB
distribution database. Subsequently we modifidd lising information from various
sources and in particular the South East Translitsts derived their species
composition from: the sub fishery species listdudimg the threatened and endangered
species, a local ecosystem study (Bax & William8®@001, Bulman et al. 2000,
Bulman et al. 2001 and FRDC trophic modelling prbj@002/028) in progress,
Williams & Bax 2001), and literature.

Species were first extracted from the CAAB datalimgeonly about half of the species
in CAAB have associated distributional (string dafdnerefore additional species were
added by comparing with the sub fishery lists,ttbphic modelling project and the SEF
ecosystem study species. Considerable cross-clyeskis required since our
communities were mostly smaller than the area@ftib fisheries and distributions of
some fishery species were sometimes restricteceisanot within our community.
Marine mammal and bird distributions are likelyb® inaccurate as the sources were
often inconsistent. Species composition and distidbal data for invertebrates was
unavailable for this analysis. Invertebrates wesgricted to those which were primarily
of fishery interest and those which were mobilessile or attached invertebrates
(including infauna) are dealt with in the Habitablyses.

Pelagic community species lists were the mostatiffito compile as there was no base
distributional data available in CAAB. Species webgained initially form relevant
sub-fisheries such as the SBT or skipjack tunafigs. Some species were added from
information on FishBase. Most information was oféal from studies on midwater
fishes and tunas (Young and Blaber1986, Young aadsD1990, 1992, Young et al.
2001, Williams & Koslow1997). These lists are likéo be incomplete and will need
some expert verification.
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Table 1. Community attributes calculated for PSAlgsis.
Property Component Attribute Rationale Aspect High | Med | Low
Productivity | Life-history Mean growth rate (Hhigh, High mean growth rate of community members meaRsoductivity
more productive) higher productivity.
Mean length at maturity Low mean length at maturity would suggest species
(Jennings et al., Fig 12.10). {H | higher growth rates and therefore more productive.
low, more productive)
Diversity/Species Species richness (S) £Hhigh Higher species richness means higher productivity o <50 | 50- | >30
Composition richness, more resilience) higher resilience to perturbation. Could indicateog 300 | O
redundancy in functional groups.
Taxonomic distinctness Low phylogenetic biodiversity indicates significant
(presence/absence datd)(Hy: | impact or higher risk of loss of biodiversity from
high richness, more resilient) | impact. This index is independent of sample sizen C
be monitored for loss af* from impact (of fishing)
Trophic structure Mean trophic levelfléw, can | Low mean trophic level would indicate specjes
also indicates change) probably of smaller size and higher growth rates.
% of functional groups with total Redundancy guards against impact. <30 30>50
number of members per group> 50
5 or 10 (KR: more groups, less
susceptible)
Number of top predators (n High number of top predators means productive syste <3 3-10( >10
predators <2) (ki high number, | supporting them, therefore not significantly impatt
more stable)
Attack sensitivity (lt low AS, Calculated from topological analysis see Appendix 2
high resilience to impact)
Error sensitivity (bt low ES, Calculated from topological analysis see Appendix 2
high resilience)
Key players (bl high value, Calculated from mean of influence and fragmentation
high risk) dominator tree analysis metrics see Appendix 2.
Number of high risk species | The more high risk predators relying on high riskyp
which eat high risk prey lessens the resilience to effects of perturbation
Susceptibility | Trophic structure [L % of functiommbups fished If high number of functional groups is fished, theBelectivity >50 | 30-| <30
(total all gear types) (Ho: highef community structure and diversity at risk. 50
the number more susceptible the
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Property Component Attribute Rationale Aspect High | Med | Low
community is)
% of functional groups with highIf high number of functional groups have more theBelectivity >50 | 30-| <30
proportion of species fished i.e| half species membership fished, then commupity 50
>50% species (5 high % structure and diversity susceptible.
means community structure
susceptible)
% of mean functional group risk If species within functional groups have high riskelectivity >30 5- | <56
rating (Hy: higher; higher risk) | ratings then functional group is at risk. 30

Fishery specific % jurisdictional overlap of High overlap, more of community available, highkris | Availability >65 | 30- | <30

fishery with community (lgt 65
high overlap, more vulnerable)
% actual effort overlap of efforf High effort overlap, more of community availablégtn | Encounterabilityy >50 | 10-| <10
in fishery with community (| risk 50
high overlap, more vulnerable)
Mean trophic level of catch frommMonitor; can be calculated directly from catchstat | Selectivity <3 3- >3.5
sub fishery (Ho: lower trophic 3.5
level, higher risk)
% of functional groups fished byIf high number of functional groups is fished, theSelectivity >50 30- | <30
sub fishery/gear (K higher the | community structure and diversity at risk. 50
number more susceptible the
community is)
Number of trophic levels If a gear is indiscriminate in selectivity of fish@nd| Selectivity >3.0 | 20-|1
captured by gear (i more trophic levels, then community is more susceptibole 3.0
trophic levels , less impact
discriminating, higher
susceptibility of community)
% sub fishery catch of total High proportions of sub-fishery catch of total d¢aicSelectivity >50 | 10-| <10
catch overall all gear types ¢H | considered to indicate high selectivity thereforgk 50
high proportion of total catch, | from sub fishery. Could also be a proportion |of
more impact of fishery on cumulative risk in future iterations
community)
% of fished species with high | If high proportion of species have high Post-capiuPost-capture >60 | 30- | <30
PCM from species PSA ¢H mortality, risk to community is higher mortality 60

higher number, higher risk)
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Fig 1. A generic food web for use in ERAEF commyaitalyses.
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Trophic structure

A generic food web structure was decided upon @eioto organise the community into
functional groups for derivation of some metricgy(E). The generic structure is based
around several ecosystem models: the Eastern Bassrodel developed for the
South East Fishery region from southern NSW to @vils Promontory in Victoria
(Bulmanet al.2002, 2006), the Atlantis model developed for$loeith East region
(Fultonet al.2004), the North West Shelf model (Bulman 2008) tre West Florida
Shelf model (Okey & Mahmoudi 2002). This approasBumes dietary information is
available for most of the “indicator” species sattthey are allocated into appropriate
trophic groups. Decisions regarding single spegiespings will need to be made in
each community around Australia. Therefore, eachraanity trophic structure will be
based largely on a generic approach but will béviddalised to accommodate the
relevant commercially or ecologically significapegies. By individualising each
community food web structure, they will not be ditg comparable. However,
identifying the high risk species, which will masten include the target species, is
necessary for the qualitative and quantitative fa@th analyses. However, it will also
result in some of the metrics being high risk beeanf the single-species state of the
group, rather than a “diluted” risk result if tregdeted species were subsumed in an
aggregate group.

For this case study, we chose the South Eastensificn biotone communities, in
which the 110-250m community was identified in 8t Otter trawl fishery as the most
vulnerable community (Fig 2). In all, there six amomities associated with the
continental shelf and slope. The Eastern pelagigipce overlays this biotone, and the
associated depth zones are the coastal (0-20(oipglagic (0- 600 m) and
mesopelagic (> 600 m) zones.

i /766
767
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Fig 2. The South Eastern Transition boundariesn(paiO & 80) for offshore
communities and the mesoscale communities (cornebpo to those between points
69 to 85 and shown shaded tan) within the SoutbteEa8iotone for shelf
communities.

Productivity attributes

Semi-quantitative

Measures of growth & reproductive productivity welerived as the average of the
mean growth rate and mean length at maturity dhallindividual fish species of the
community. These measures were collected in the &&Abase (CSIRO) for those
species which were identified from the fishery, leoer the community was broader
than that fished therefore data for the additiapaicies was collated initially from the
FishBase database (Froese and Pauly 2005). Idéa$iydata would be inspected for
appropriateness of the values and we would searatata from local stocks.

Taxonomic diversity was measured using the taxooaliversity routines in Primer
(Clarke and Warwick 2001). These measures weredinglied to communities to
explain large-scale patterns in species distrilougiod disturbance and because of
disadvantages of the basic species richness (8%,imechich we also provide. It assumes
that taxonomic diversity relates to ecological deity crucial to maintaining ecosystem
stability during disturbance. We used an index Wwhises presence/absence data only
and is suitable for our methodology. Only the ftslmmunity was tested because we
considered that this was the only group in whichhae reasonable confidence about
the species composition. The average taxonomimdiaessA") is the average
taxonomic distance between spedci&s every other species, summed over all species.
This measure is probably a useful tool for monitgrior loss of diversity particularly

for lightly-exploited communities. For the southrsgdowever, where exploitation has
been evident for nearly a century, disturbancdréaey high and therefore evidence of
further loss of diversity is uncertain. Comparisath other communities will provide
further information about the range of values amialsequent rankings.

Other attributes that we consider as productiMitytates are the mean trophic level of
the community. Ideally this measure would be weadhising biomass but in its
absence a non-weighted value was be used. Theemnwhtop predators is a measure
of how productive the system is that supports th@erefore a higher number means
more productive and less impact is likely. A redbstribute is the number of species in
the functional groups because the larger numbspe€ies in a functional group guards
means a certain amount of redundancy and thusothenanity is resilient to loss of
species. Using a generic structure that is comgisigross all communities for this
attribute and others reliant on structure, will\pde a range of values, for ranking.

Qualitative analyses

From single- to multi-species analysis of risk

The underlying basis for our level 2 community gealcan be derived from the same
principles supporting single species analysesval [e Here we show how the basic
attributes used to rank productivity and susceliifof a single species lead to
mathematical formulations describing the dynamfasiolti-species systems. This will
lead us to two complimentary aspects of ecosystemry: system stability and
perturbation response.
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Using the basic formulation of logistic growth

Ny Ni(l—&j—ci (1)
dt K

the change d in the population abundaNad species over timet is a function of its

per capita growth rateand the ratio of its own population level to ataer carry
capacityK, the latter of which is set by the level of resms and habitat available in the
environment. The population growth rates the sum of all births and deaths of a
population {.e.r = per capita rate of birth minus per capita rdtdeath), and thus in,
this parameter makes intrinsic to this single sge@rmulation all resources that
benefit and all hazards that befall the populatisnmulti-species equations the
individual rates of birth and death are detailecbading to their biological or physical
source. Also included I8 a constant rate of fishery harvest.

Left to itself, a population undergoing logistiowth will rise from a low level of
relative abundance to a final equilibrium leiel Graphing this rise over time produces
the sigmoid curve of figure 2. We may read intesth curves the rationale supporting
our level 1 analysis. When we try to describdlaites of productivity we are pointing
towards features distinguishing a relatively fasg in abundance from a slow rise, and
a relatively high carrying capacity from a low one.

Figure 2. General sigmoid curves for logistic papoin growth. Dashed-line
describes, relative to solid-line, a populationhvatslower growth rate and lower
carrying capacity.

When we take into account the susceptibility obpuation to effects of fishing we are
concerned about whether a population can sustaimesnovery from the extra source of
mortality imposed by a fishery harvest. In a sistgd manner, this too can be
understood through the formulation of logistic gtbwHere we examine the change in
the growth rate of population in relation to a ajpaim abundance through the use of
partial derivatives. Taking the partial derivatieequation (1) with respect b, we
have

ae%ﬂz_ﬁNi+£i
oN, \D Ki N
which describes change in a population’s per capiath rate due to a change in its
abundance. Note that this is evaluated in referémequilibrium conditions (as
denoted by the asterisk). Ignoring for now the@&s of fishing and considering only

the first term on the right side, equation (2)gei$ that under logistic growth a change
in the population level away from equilibrium wilé countered by an equal change in

(@)
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the growth rate in the opposite direction equaktdli/K;. Hence any deviation away
from carrying capacity (which in the absence diifig is merely the carrying capacity
K), either positive or negative, will be opposedtsat the system will return to its
equilibrium level. This, in effect, demonstrategative feedback and thus defines the
stability properties of the population. Considgrihe effects of a constant rate of
harvestC, equation (2) shows that the tendency of a retweyquilibrium can be
weakened or reversed by the teBiN;, the level of harvest in relation to the populatio
size. This term, which is positive in sign, intuoes positive or destabilizing feedback
into the dynamics of the population. When thisifpesterm becomes greater than the
negative one, then the population will declinextretion. Taken in total the right
side of equation (2) lays down the attributes neiassessing the susceptibility of a
population to harvest in terms of population grovete, abundance, carrying capacity
and rate of harvest. This equation, of course ike terms of a single-species, and
expanding to a multi-species formulation requires tve specify the sources of birth
and death for each species in a community, asigéneral form of the Lotka-Volterra
equation$

ﬂ:Ni[i%Nj—KJ—q. (3)
=1

dt

where there are equations, and withy; signifying per capita density-dependent
interaction terms, ank] the density independent parameters (such as imtingrand
emigration). The; terms can portray all possible interactions betwsggecies, such as
predator-prey (with a +, — pair of interaction srdirect competition (—, —), mutualism
(+, +), commensalism (0, +), amensalism (0, —peartral interactions (0O, 0).
Interactions between species can also be convénpmortrayed as a signed digraph.
For instance, the signed digraph in figure 3 regmessa three species food chain with
predator-prey relationships, and self-regulatianefach species.

Figure 3. Signed digraph of three species commutiarge circles are population
variables, and direct interactions between spebirg, predator and prey, are shown as
links ending in an arrow, for a positive effect,sonall circle, for a negative effect. A
link connecting a species to itself denotes sejéilaion.

There is a direct correspondence between the leskpgrtrayed in signed digraphs the
partial derivatives from a set of Lotka—\Volterraiatjons. For the three species system
of figure 3, there are nine partial derivatives—emeh for the three species with
respect to themselves, and six for each speciésrespect to each other. These then
give us the community (or Jacobian) matrix for sggtem

? This presentation has adopted a Lotka—Volternafitation to illustrate analyses of
community dynamics, however an equivalent presiemtabuld proceed via a
formulation based on input-output or compartmemwfmodels.
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Note the similarity between the diagonal elemefthis matrix and the terms on the
right side of the single species model in equati)n While the diagonat; terms in
equation (4) would appear equivalentf&; within equation (2), they are in fact not.

In the single-species modeglaccounted for all sources of birth and deathjitie
multi-species model these attributes are dividedrajrthe other species. For instance,
reading along the second row of this community imatme sees that species two
derives a positive influence, or births, from egtapecies one ¢51), has a negative
self-effect from intraspecific interactionsot-), a positive self-effect from harvest
(+C2/Np), and finally a negative influence from speciagéhvia predation losses (—

a2,3).

Perturbation response and system stability

In determining the risk of a community to effectdishing we are concerned with two
aspects of ecosystem dynamics: response to pditurtzand system stability. We will
briefly describe the basic analyses involved, deg@irements, and methodological
options for different levels of knowledge of thestgm. In predicting the effects of a
perturbation, we are concerned with new equilibriawels that populations will move
towards after one or more species in the systermgracted by a change in a parameter
controlling a rate of growth. While the communityatrix details all direct effects
between species, the ultimate effects of a pertiotbare transmitted to many, if not all
species in a community. These effects can be ssdéisrough the adjoint of the
community matrix. The adjoint matrix details tleedback cycles produced from a
perturbation, and can be used to predict changpenies abundances. Methods for
interpreting adjoint matrix analyses are discussddambacheet al. (2002, 2003a).

For example, the adjoint matrix for the three seesystem described by figure 3 and
equation (4) is

adjoint(A) =
C
[02,2'\‘2 '72][03,3'\‘3 '&] +a33N03,N;3 —01 N1[03,3N3 _&] a1oNia 53N,
N, N3 N3
c o) c c
a,,N,| agsNg ——= a; N, ——= | @33N —— =l a N, —— |a,5N
21 2[ 33N3 N, 1Ny N, 33Nz N, 12Ny N, 23N>
C
a31Nz83,N; (aan _&]as,st [aan _&][‘72,2'\‘2 _72] +a1,N N,
Ny Ny N,
5)

Effects of a perturbation are read down the coloimime species through which a
disturbance is directly acting. For instance,gading down the third column,
decreasing the harvest rate of species three atibe an increase in the abundance of

N

species one, via feedback cytﬁé2 NCES 2, and a decrease in the abundance of

species two via feedback cycTe(allN1 _Cl/ Ny )a 2'3N2. Note the response of species
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three is determined by no linkage or interacticsoagted with itself. Rather, to know
the fate of that population one must know or haeasared most of the parameters
regulating all other species in the communityis this sort of complexity and demand
for community interaction data that makes precisangjtative analyses of communities
so difficult and rare. There are, however, qualilemeans by which ecosystem models
can be analysed (Dambacher et. al. 2002, 2008a&itHer quantitative or qualitative
analyses of perturbation response, we can attriimkdor a whole community based on
the summed expectation of change in abundancé!feoulations in the system. Risk
at a community level can be based on assessindhamhgecies predicted to have a
relatively large decrease in abundance due totarpetion also have elevated levels of
risk assigned from level 1 analyses.

Mathematical determinations of community stabilityolve analysis of the values and
balance of system feedback cycles, and also prdoeedthe community matrix A.
Here we are concerned if population levels can mnemwlase to either fixed values or
values that oscillate regularly according to therinal dynamics of the system. The
‘closeness’ defines a ‘local’ attractor or equililn of the system. A system’s stability
depends on the signs of its eigenvalugswhich are the roots of the characteristic
equation formed by the equality

|A-M| =0 (6)

where | is the identity matrix and ‘| | denothe matrix determinant. The resulting
characteristic polynomial is of the form

aO\n + al\n-1 + a2an-2 +...+ an = 0. 7
A system can be stable if and only if all eigeneslof A have negative real parts
ReAi (A) <0 i=1,2,3,..,n (8)

(Lyapunov [1892] 1992). Stable systems are abfeamtain equilibrium around a
local attractor and are buffered against specigaaion, while unstable systems are
likely to diverge from former equilibria and suffgpecies loss.

If all elements of A are known or measured, onepraceed directly through a
quantitative analysis. Typically, however, quaanstion of the elements of A is
incomplete or imprecise, while the sign of the edats are well known, as in the
information contained in the signed digraph of fg8. In this latter situation one can
proceed via qualitative analyses to assess théitstalba system (May 1974,
Dambacher et. al. 2003b). For example, in figufa)3a four variable system is
conditionally stable, and all species can coextsminteraction strengths are within a
limited region of parameter space. We considerdeenarios whereby a species is
severely reduced or eliminated, effectively leawantipree variable system. Removal of
N4 in figure 3(b) leads to a neutrally stable systehere N2 and N3 are no longer
controlled by a common predator. The most efficmsumer of N1 will overwhelm
the other consumer, ultimately leading to extinciod the latter and a two variable
system. Here N4 effectively acts as a keystonegboe, whereby its removal causes
subsequent extinctions in the system. In figu¢e) 3emoval of basal resource variable
N1 leaves a system entirely unstable and no spe@ggersist.
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Figure 3. Signed digraph of a) system that candpelitionally stable, and two possible

systems resulting from b) removal of N4, which oaity be neutrally stable and where

N2 or N3 will likely perish, and c) removal of spes N1 leaving a completely unstable
system where no species can persist.

Topological analyses

Allesina and Bodini (2004) introduced the notiordoiminator trees for analysis of
extinction risk in ecological communities. Origilyadeveloped for optimization of
computer programming and code generation for fletworks (Lengauer and Tarjan
1979, Georgiadis and Tarjan. 2004), the conceptddminator tree is extended to
ecological systems by identifying structural depamdes among species that are critical
for resource flow through a food web. One sped@sinates another if it is a singular
source of resource flow within a network, with gresumption that its removal would
precipitate downstream extinctions of other spettiascan gain resources through no
other source. In figure 4, there is non-redundessvurce flow to speciesd, ande via
speciesa. Thus specieais a dominant of these three species and its rahvesuld
cause their demise. Removal of spebigs d, e, orf would not completely eliminate
resource flow to any other species.

a. flow graph b. dominator tree

Figure 4. a) Flow graph of example ecosystem, whgstem resources r flow into and
through basal speciesandb and then on to other variables. b) Dominator tfiegame
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system showing serial dependencies within flow lgrapdapted from Allesina and
Bodini (2004).

The risk of the entire system to secondary eximstican be assessed through the
measure of “error sensitivity”

domi
ES= Z' N il )|) 9)

i£r
and the maximum impact of the removal of particsjaecies can be assessed through
the measure of “attack sensitivity” (Allesina anddii 2004)

AS= max{w}mi Zr. (20)

Dominator trees that are configured as a lineainchdl have a greatest possible value
of error sensitivity of 0.5, as in figure 5a, ahdte with a star-like configuration will
have a minimum value equal to 1/(N-1), as in figbibe Values of attack sensitivity can
range between 0 and 1. Low values of ES and ABtdesystems least prone to
secondary extinctions. We will employ a modifiestsion of equation (10) to assess
the mean attack sensitivity for m number of spegitdsat are deemed to have high risk
in level 1 analyses

Zm {'don{l] }Di Zr

ASmearhlghrlsk _j=

(11)
m

b.

Figure 5. Dominator trees illustrating the full genof extinction susceptibility, where
in a) there is maximum risk with a probability obGor secondary extinction upon
removal of any one species, and in b) there is dskaof secondary extinction.
Adapted from Allesina and Bodini (2004).

Our final metric for qualitative risk analysis Isat of defining “key players” (Borgatti
2003) in a community, which can be defined by twitedent criteria. A key player can
be a node that, when removed, causes the greasssble fragmentation to the
network (Fig 6a). Alternately, a key player candentified as the node through which
the greatest number of other nodes can be reachefiugnced within a given path
length (Fig. 6b). In figur&, which is based on a food web of 189 demersalispec
from the SE Australian shelf, jackass morwoNgadactylus macropteruss, by the
influence method, a key player that reaches 98%6l @ther species within a path
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length of 3 links. Were this species deemed a haihfrom level 1 analysis, then this
would contribute towards a high risk rating for tenmmunity at large.

a. fragmentation method

a2

b. influence method

Figure 6. Key players (denoted by asterisks)fimoa web, as determined by analysis
of a) greatest fragmentation from removal of aleimpde, and b) greatest number of
nodes influenced or reached through given numbknks (here set to a path-length of

two links).
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Figure 7. Key player analysis of SE Australian sbemersal food web. Jackass
morwong (no. 247) reached 98% of all other speaieetwork within path length of 3
links. All trophic links are shown in a) and othose directly connected to key player
are shown in b).

Susceptibility attributes
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Susceptibility metricssensuthe ERAEF method, refer to measures relatingnookels
or exploitation of species in the community. Thetine we derived were tentatively
assigned to the four aspects of susceptibility uis¢ke species level PSA - availability,
encounterability, selectivity and post-capture mldst. For example, the % overlap (by
area) of each community by the sub-fishery deteechiior both demersal and pelagic
provinces/biotones, were considered availabilifyeass. However, the refinement of
this metric, the actual area of each communityefitor the overlap of the effort, was
considered an encounterability aspect. This metais determined from the number of
shots in each one Kngrids recorded in the available commercial logtsodiis was
more difficult to determine for the sub-fisheribat reported in half-degree grids only
as it was too coarse for our analysis. In our etanthe jurisdictional boundary of the
South East Shark and Scalefish Fishery (SESSF)apgethe South East Transition
110-250m community by 100% thus the availabilityref community to fishing was
deemed high. The encounterability aspect, the davef the actual effort with the
community, based on 2001-2004 commercial logbod& (fig 8), was 99.6% and also
ranked high. The encounterabilities of nearly ladl adjacent communities by the otter
trawl sub-fishery were also high in this province.

Several attributes were considered to be selegtgipects. They were based on the
proportions of species fished of the community,rttezan trophic level of the catch and
number of trophic levels caught within the commuiy the gear. We used
community-specific catch data and knowledge ofttbphic structure of the community
to determine them. We also derived selectivity mgtbased on the individual species
risk scores from the species PSA analyses. Matiyeo$pecies identified in the
community composition were not identified as batagght by the fishery so their PSA
scores had not been calculated. For those spa@asalculated risk scores in the same
way as for the fishery-related species. We thed tisese scores to identify and rank
functional groups with high risk species, basedhanrationale that if they comprise of
many high risk species they are at risk of disarptf function, leading to similar
disruption of the community.

Similarly, we used the post capture-mortality sedrem the species PSAs to derive a
community level post-capture mortality score. Fme@es not caught in the fishery
post-capture mortality is not an issue, however usual pre-cautionary practice of
scoring high in the absence of data was used.
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g South Eastern Transition
| Province
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Fig 8. Map of the communities and effort intensitfaumber of shots in 2004) in the South Eastern
Transition Province. Numbers in parentheses reféne % overlap of the South East Trawl (SET) otter
trawl sub-fishery and each demersal community. e the contours shown and effort do not map
exactly due to low precision of matching co-ordasat

Results for the South East Transition 110-250m canity

As mentioned in previous sections, we used thesagsent of the otter trawl subfishery
of the SESSF as a case study. From the Level 1 cotyrSICA analysis, the South
Eastern Transition 110-250m community was iderttifis the most vulnerable unit of
analysis for many of the fishing hazards. This camity lies within a region of the
fishery that has been well-studied over many yérerefore, we have arguably the best
data sets with which to trial the community levedproach. For as many attributes as
possible we derived scores for this community. WHiis data set is good particularly
for fish and some other higher vertebrates, tha fitatinvertebrates are sparse,
therefore, our analysis focused only on fish.

The quantitative metrics were calculated for ahfspecies in the community
composition list (Table 2).Qualitative and taxonoranalyses are still in progress.
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Table 2. Preliminary attributes of South East Titaors 110-250m community.

Potential
Aspect Attribute Value Risk
Ranking
Productivity . . Mean growth 2.60
Life-history
Mean length at maturity 38.10
Diversity/Species Species richness (S) 334 M
Composition Taxonomic distinctness” 445
. Mean trophic level 3.19
Trophic structure
Number of top predators 24
% of functional groups with total number of
0.41 M
members per group>say 5 or 10
Attack sensitivity .025 L
Error sensitivity .01 L
Key players: influence & fragmentation Y M
Number of high risk species which eat high 1 L
risk prey
0 . .
Susceptibility| Trophic structure % of functional groups fished (total all gear 1.00 H
types)
% of functional groups with high proportion 0.59 H
of species fished i.e. >50% species )
% of mean functional group risk rating 0.53 H
YRTTT PR - -
Fishery specific % Jurlsd|_ct|onal overlap of fishery with 1.00 H
community
% actual effort overlap of effort in fishery
. . 0.99 H
with community
Mean trophic level of catch from sub fishery
(Ho: lower trophic level, higher risk) 3.37 M
% of functional groups fished by sub
g 0.7 H
fishery/gear
Number of trophic levels captured by gear | 2.13
3 -
% sub fishery catch of total catch overall al 0.40 M
gear types
% of fished species with high PCM from
. 1.00 H
species PSA
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2.4.2 and 2.4.3 Level 2 PSA (steps 2 and 3)

Summary of Species PSA results

The results in the Tables below provide detailthefPSA assessments for each species, separatele bythe fishery, and by taxa where
appropriate. These assessments are limited ta dinpacts from fishing, and the operational objexis to avoid over-exploitation due to
fishing, either as over-fishing or becoming ovesh&d. The risk scores and categories (high, medidow) reflect potential rather than
actual risk using the Level 2 (PSA) method. Forcgmeassessed at Level 2, no account is takeredéwel of catch, the size of the
population, or the likely exploitation rate. To @ss actual risk for any species requires a Leasis&@ssment which does account for these
factors. However, recent fishing effort distributsoare considered when calculating the availatalitybute for the Level 2 analysis, whereas
the entire jurisdictional range of the fishery amsidered at Level 1.

The PSA analyses do not fully take account of mameant actions already in place in the fishery thay mitigate for high risk species.

Some management actions or strategies, howevebecaocounted for in the analysis where they extstse include spatial management
that limits the range of the fishery (affecting gadaility), gear limits that affect the size of amals that are captured (selectivity), and handling
practices that may affect the survival of specfesr @apture (post capture mortality). Managemeématiagies that are not reflected in the PSA
scores include limits to fishing effort, use ofdatimits (such as TACs), and some other contrath ss seasonal closures.

It should be noted that the PSA method is likelgenerate more false positives for high risk (sgeaissessed to be high risk when they are
actually low risk) than false negatives (specieessed to be low risk when they are actually higt).rThis is due to the precautionary
approach to uncertainty adopted in the PSA metivbdreby attributes are set at high risk levelhiemabsence of information. It also arises
from the nature of the PSA method assessing pateather than actual risk, as discussed aboves $bme species will be assessed at high
risk because they have low productivity and arenegg to the fishery, even though they are raredyéir caught and are relatively abundant.

In the PSA Tables below, the “Comments” columnsedito provide information on one or more of tHeing aspects of the analysis for
each species: use of overrides to alter suscaptibdores (for example based on use of obsertear dataking account of specific
management measures or mitigation); data or infaomaources or limitations; and information thapgorts the overall scores. The use of
over-rides is explained more fully in Hobday e{2007).
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The PSA Tables also report on “missing informati¢the number of attributes with missing data thatéfore score at the highest risk level
by default). There are seven attributes used teegmoductivity and four aspects (availability, ennterability, selectivity and post capture
mortality) used to score susceptibility (though@anaerability is the average of two attributes). &tribute or aspect is scored as missing if
there are no data available to score it, and idesaulted to high risk for this reason. For sopecses, attributes may be scored on
information from related species or other supplaargrinformation, and even though this informatisindirect and less reliable than if
species specific information was available, thisasscored as a missing attribute.

There are differences between analyses for TERespand the other species components. In partidalaet, by-product and by-catch
species are included on the basis that they anerkibm be caught by the fishery (in some cases ety rarely). However TEP species are
included in the analysis on the basis that theyoitcthe area of the fishery, whether or not thexre ever been an interaction with the fishery
recorded. For this reason there may be a highgoption of false positives for high vulnerabilitgrf TEP species, unless there is a robust
observer program that can verify that species dameract with the gear.

Observer data and observer expert knowledge arerten sources of information in the PSA analypesticularly for the bycatch and TEP
componentsThere is no observer program currently in placdha fishery. {OR} The level of observer data fors fishery is regarded as
[high, medium, low]{Go on to briefly justify this on the basis of ld\wd observer coverage, length of time in placailability of data,
adequacy of taxonomic resolution, etc — see detalicoping section. This may need a group disondsist to be consistent across
fisheries}.

A summary of the species considered at Level 2asgnted below, sorted by component, by taxa witbhimponents, and then by the overall
risk score [high (>3.18), medium (2.64-3.18), lowsA)].

This summary is generated from the PSA workbookmadented in the ERA results report as per praidable below.
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Summary of Habitat PSA results

A summary of the habitats considered at Level@@ésented below, and is sorted by the overallstske (high, medium, low), by sub-biome,
and by SGF score (Habitat type). These are sogtedl® in fishery, taxa and 2D P& S category byhhignedium and low.

Productivity score Susceptibility score Overall risk Overall risk score (2D Risk ranking Rational
(Average) (Multiplicative) value (P&Sm) multiplicative) override e

Summary of Community PSA results

Similar summaries will be presented for the Levebfhmunity results. Communities not evaluated ahaus not complete.
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2.4.4 PSA Plot for individual units of analysis (Step 4)

The average productivity and susceptibility scdoeeach unit of analysis (e.g. for
each species) are then used to place the individut of analysis on 2D plots (as
below). The relative position of the units on thet pvill determine relative risk at the
unit level as per PSA plot below. The overall ngltue for a unit is the Euclidean
distance from the origin of the graph. Units that in the upper third of the PSA
plots are deemed to be at high risk. Units witfS&Rcore in the middle are at
medium risk, while units in the lower third ardatv risk with regard to the
productivity and susceptibility attributes. Theidigns between these risk categories
are based on dividing the area of the PSA plotsequal thirds. If all productivity
and susceptibility scores (scale 1-3) are assumbd equally likely, then 1/30f the
Euclidean overall risk values will be greater t8ab8 (high risk), 1/%8 will be
between 3.18 and 2.64 (medium risk), and®M@l be lower than 2.64 (low risk).

Paste plots here, as in the example below, focohgponents that were examined at
Level 2. These results are generated in the PSkbook in the ranking worksheet.

PSA plot for target species

PSA-Target Species

3.0

~ ~
o o

(<- Low) Susceptibility (High ->)

10 15 2.0 25 3.0

(<-High Productivity ~ (Low->)

PSA plot for byproduct species

PSA plot for discards/bycatch species
PSA plot for TEP species

PSA plot for habitats

PSA plot for communities

The overall risk value for each unit is the Euctidalistance from the origin to the
location of the species on the PSA plot. The wigsthen divided into three risk
categories, high, medium and low, according tariglevalues Figure 17). The cut-
offs for each category are thirds of the totalrdisition of all possible risk values
(Figure 17).

Figure 17. Overall risk values in the PSA plot. Lefpanel. Colour map of the distribution of the
euclidean overall risk values. Right panel. The PSlot contoured to show the low risk (blue),
medium risk (orange) and high risk (red) values.



Level 2
139

The PSA output allows identification and prioritipa (via ranking the overall risk
scores) of the units (e.g. species, habitat tygmsmunities) at greatest risk to fishing
activities. This prioritization means units withettowest inherent productivity or
highest susceptibility, which can only sustain ltheest level of impact, can be
examined in detail. The overall risk to an indivadlunit will depend on the level of
impact as well its productivity and susceptibility.

2.4.5 Uncertainty analysis ranking of overall risk (Step 5)

The final PSA result for a species is obtaineddmkimg overall risk value resulting
from scoring the productivity and susceptibilityrgutes. Uncertainty in the PSA
results can arise when there is imprecise, incbmemissing data, where an average
for a higher taxonomic unit was used (e.g. avegegeera value for species units), or
because an inappropriate attribute was included.ntimber of missing attributes,
and hence conservative scores, is tallied for eadof analysis. Units with missing
scores will have a more conservative overall rigkig than those species with fewer
missing attributes, as the highest score for ttrdbate is used in the absence of data.
Gathering the information to allow the attributebscored may reduce the overall
risk value. Identification of high-risk units withissing attribute information should
translate into prioritisation of additional resdafan alternative strategy).

A second measure of uncertainty is due to the seteof the attributes. The influence
of particular attributes on the final result foumit of analysis (e.g. a habitat unit) can
be quantified with an uncertainty analysis, usindante Carlo resampling technique.
A set of productivity and susceptibility scores &arch unit is calculated by removing
one of the productivity or susceptibility attribatat a time, until all attribute
combinations have been used. The variation (stdrdkzariation) in the productivity
and susceptibility scores is a measure of the teiogy in the overall PSA score. If
the uncertainty analysis shows that the unit windldreated differently with regard to
risk, it should be the subject of more study.

The validity of the ranking can also be examined¢typaring the results with those
from other data sources or modelling approachdshtnge already been undertaken in
specific fisheries. For example, the PSA resulthefindividual species (target,
byproduct and bycatch and TEP) can be comparedstgaitch rates for any species
or against completed stock assessments. These deonsawill show whether the
PSA ranking agrees with these other sources ofrirdon or more rigorous
approaches.

The following analysis is based on statistical infation generated in the PSA
workbook under the following headings for both spe@nd habitats:

» Availability of information

» Correlation between attributes

* Productivity and susceptibility risk values

» Overall risk values
Profroma text and tables as well as examples afteesnder each of the above
headings are outlined below and form part of thé\E&Sults report under this
section.
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Availability of information

The ability to score each species based on infeomain each attribute [varied/did
not vary] between the attributes (as per summaomjeWith regard to the
productivity attributes, [least known productivéttribute] was missing in [X]% of
[units], and so the most conservative score wad,wgkile information on [best
known productivity attribute] could be found or @alated for [Y% of units]. The
current method of scoring the susceptibility atitds provides a value for each
attribute for each species — some of these arallmasgood information, whereas
others are merely sensible default values.

Summary of the success of obtaining information othe set of productivity and susceptibility
attributes for the species. Where information on arattribute was missing the highest score was
used in the PSA.

Results from PSA workbook ranking worksheet (speoidy).

Productivity Attributes | Average Average Trophic
age at Average Average size at | Reproducti level
maturity | max age | Fecundity | max size | Maturity |ve strategy| (fishbase)

Total species scores for
attribute

n species scores with
attribute unknown,
(conservative score

used)
% unknown information
Susceptibility Attribute Encounter
Availability | ability Selectivity PCM
Bathymetry
overlap Habitat

Total species scores for
attribute

n species scores with
attribute unknown,
(conservative score
used)

% unknown information

Each species considered in the analysis had intamgor an average of [A, (B%)]
productivity attributes and [C (D%)] susceptibildjtributes. This meant that, on
average, conservative scores were used for lesgH94] of the attributes for a single
species. [Units] had missing information for betwe and G] of the combined [H]
productivity and susceptibility attributes.

Results Overall uncertainty distribution in PSA Wawok ranking graphs worksheet
Paste Species uncertainty distribution histograre fexample below)
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Overall Uncertainty Distribution

0 1 2 3 4 5 6 7 8 9 10 11
Uncertainty (number of missing attributes)

Species: Overall uncertainty distribution - frequercy of missing information for the combined
productivity and susceptibility attributes

Habitats: Eleven attributes were used in the haBi&A. All attributes were scored
according to Habitat attribute tables 9-27 (ERAEE&thbdology). Only attributes that
could be ranked were utilized and therefore thezena missing attributesefample
below]

SET OT. Habitats. Overall Uncertainty Distribution
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Habitats: Overall uncertainty distribution- frequen cy of missing information for the combined
productivity and susceptibility attributes

Correlation between attributes
In situations where attributes are strongly cotezlanly one of them should be
included in the final PSA (Stobutzki et al., 2001).

Species component: The attributes selected foryatadty and susceptibility
[were/were not] strongly correlated (as per cotr@tamatrix below for Productivity
and susceptibility). The strongest productivityibtite correlation was between
[attribute J and attribute K], while the strongsssceptibility correlation was between
[attribute L and attribute M]. This correlation &ss suggests that each attribute
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[was/was not] “measuring” a different aspect of fin@t] characteristics and [all/not
all] attributes were suitable for inclusion in tR8A.

Correlation matrix for the species productivity attributes. The correlation (r) is based on the
scores within each attribute pair. Results from PSAvorkbook ranking graphs worksheet.

Age at Max age Fecundity Max size Min size Reproduc Trophic
maturity at tive level
maturity strategy

Age at maturity X

Max age X

Fecundity X

Max size X

Min size at maturity X

Reproductive strategy X

Trophic level X

Correlation matrix for the four species susceptibity attributes. The correlation (r) is based on
the scores within each attribute pair. Results fronPSA workbook ranking graphs worksheet.

Availability ~ Encounterability — Selectivity Post-capture
mortality
Availability X
Encounterability X
Selectivity X
Post-capture mortality X

Habitat Component: The attributes selected for petidity and susceptibility
[were/not] strongly correlated (as per correlatoatrix below for productivity and
susceptibility). There was [X] correlation betweble productivity attributes
Regeneration of Fauna and Natural disturbancgXx})=The susceptibility correlation
could not be calculated between the Availabilitd amy other aspect, because there
was no variation in the Availability score. Theveal/X] correlation between the
attributes used to calculate Encounterability ael@&ivity. All attributes were
suitable for inclusion in the PSA.

Correlation matrix for the habitat productivity att ributes. The correlation (r) is based on the
scores within each attribute pair. Results from PSAvorkbook ranking graphs worksheet.

Productivity Correlation Matrix

Regeneration of fauna

Natural disturbance

Regeneration of fauna

X

Natural disturbance

X

X

Correlation matrix for the three habitat susceptibility attributes. The correlation (r) is based on
the scores within each attribute pair. Results fromPSA workbook ranking graphs worksheet.

Susceptibility Encounterability score Selectivity score
Correlation Matrix Availability score (average) (average)
Availability score X

Encounterability score

(average) X X

Selectivity score

(average) X X X

Productivity and susceptibility risk values
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Productivity and susceptibility risk values for $jges

The average productivity score for all [units] Wast Y] (mean = SD of scores
calculated using n-1 attributes) and the mean gtibidéy score was [X = Y] (as per
summary of average productivity and susceptibddgres as belowhndividual
scores are shown Bection 2.4.2 and 2.4.3 Summary of PSA results. The
[small/large] variation in the average of the bet&pped values (using n-1
attributes), indicates the productivity and susitéfiyy scores [are/are not] robust to
elimination of a single attribute. Information faisingle attribute [does not/does]
have a disproportionately large effect on the potiglity and susceptibility scores.
Information was missing for an average of [Z] atites out of [Y] possible for each
[unit].

Productivity and susceptibility risk values for itats

The average productivity score for all habitats Wwas Y] (mean + SD of scores
calculated using n-1 attributes) and the mean gtibiéy score was [X + Y] (as per
summary of average productivity and susceptibdgres as belowdividual

scores are shown Bection 2.4.3 Summary of PSA results. The smaj@aariation

in the average of the boot-strapped values (usib@ttributes), indicates the
productivity and susceptibility scores are robostlimination of a single attribute.
Information for a single attribute [does not/doleaye a disproportionately large effect
on the productivity and susceptibility scores.

Overall Risk Values

Overall Risk Values for Species

The overall risk values (euclidean distance orRB@ plot) could fall between 1 and
4.24 (scores of 1&1 and 3&3 for both productivitydesusceptibility respectively).
The mean observed overall risk score was [X], witnge of [Y — Z]

The actual values for each species are shown itio8et4.2 and 2.4.3 Summary of
PSA results. A total of [A units, (B%)] were cladsas high risk, [B (C%)] were in
the moderate risk category, and [D (E%)] as lo.ris

Results Frequency distribution of the overall PSA riskues (Paste frequency
distribution histogram from workbook ranking shibete. Example below)
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Multiplicative Overall Vulnerability Value Distrib ution
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Euclidean Overall Vulnerability Value

Frequency distribution of the overall risk values gnerated for the [X units] in the [fishery sub-
fishery] PSA.

Overall Risk Values for Habitats

The overall risk values (euclidean distance orRR8@& plot) could fall between 1 and
4.24 (scores of 1&1 and 3&3 for both productivitydasusceptibility respectively).
The mean observed overall risk score was [X}, wittange of [Y- Z]

The actual values for each habitat are shown itic@e2.4.3 Summary of PSA
results. A total of [X] units, (%) were classedhégh risk, [X] units, (%) were in the
medium risk category, and [X] (%) as low risk

2D Multiplicative Overall Vulnerability Value Distr  ibution
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Frequency distribution of the overall risk values gnerated for the [X] habitat types in the
[fishery sub-fishery] PSA.

The distribution of the overall risk values of gfflecies is shown on the PSA plot
below. The species are distributed in the [all/loleé/upper right] parts of the plot,
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indicating that [both high and low risk units] gretentially impacted in the [fishery
sub-fishery].

Results Plot for all species in the sub-fishery RIS& values (Paste frequency
distribution histogram from workbook ranking shibete. Example below)

PSA, ALL SPECIES
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PSA plot for all [units] in the [fishery sub-fishery]. Species in the upper right of the plot are at
highest risk.

The number of attributes with missing informatisrof particular interest, because
the conservative scoring means these units magdyed at higher risk than if all the
information was known. This relationship betwees dlverall risk score and the
number of missing attributes shows that an increatiee number of missing
attributes (and hence conservative scores usadjs@s a skew to higher risk values.
This suggests that as information becomes avaitabkaose attributes, the risk
values may decline for some units.

All attributes are treated equally in the PSA, heareinformation on some attributes
may be of low quality. [discuss these attributésculss any problems with assembling
the data]

2.4.6 Evaluation of the PSA results (Step 6)

The following analysis is based on statistical infation generated in the PSA
workbook under the following headings for both spe@nd habitats:

» Statistics

» Discussion
Profroma text and tables as well as examples ofteesnder each of the above
headings are outlined below and form part of thé\E€sults report under this
section.
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Species Components: an example
*Evaluation example below: update as appropriabe form is less well prescribed,
and so a template for this section is not possible*

The PSA analysis of the South East Trawl fisherg pr@sented to a SETMAC
meeting on 22 November 2005. The PSA methodologysthrece been reviewed and
revised. The following results reflect the reviseethodology (as at 90ctober
2006.

Species Component:

The PSA analysis of the South East Trawl fisherg m@sented to a SETMAC
meeting in Melbourne on 22 November 2005. Followdiggussion at that meeting,
some changes were made to the analysis. The chiorgedividual species are
described in detail in Document L2.1. The PSA methogy has since been reviewed
and revised. The following results reflect the sed methodology (as at 30 April
2006), as well as the changes for individual sygecie

Overall

A total of 600 species were considered. For mostisg there was little missing data.
The average number of missing attributes was OuB4foa possible 12. Of the 600
species assessed at Level 2, expert over ridesuserteon 166 species. Of the 159
species assessed to be at high risk, 4 had marethmassing attributes.

Summary of average productivity, susceptibility @verall risk scores.

Component Measure

All species Number of species 600
Average of productivity total (range 1-3) 1.94
Average of susceptibility total (range 1-3) 1.99
Average of overall risk value (range 1.41-4.24) 2.84
Average number of missing attributes 0.84

Target species Number of species 28
Average of productivity total 1.74
Average of susceptibility total 2.55
Average of overall risk value 3.10
Average number of missing attributes 0.07

Byproduct species Number of species 95
Average of productivity total 1.81
Average of susceptibility total 2.27
Average of overall risk value 2.95
Average number of missing attributes 0.47

Discard species Number of species 276
Average of productivity total 1.83
Average of susceptibility total 222
Average of overall risk value 291
Average number of missing attributes 0.9Y

TEP species Number of species 201
Average of productivity total 2.19
Average of susceptibility total 1.44
Average of overall risk value 2.66
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Component Measure
Average number of missing attributes 0.92

PSA (productivity and susceptibility) risk categesifor each species component

Risk Category High Medium Low Total
Target species 15 11 2 28
Byproduct species 39 28 28 95
Discard species 99 79 98 216
TEP species 6 121 74 201
Total 159 239 202 600

PSA (productivity and susceptibility) risk categesifor each taxon.

Risk Category High Medium Low Total
Chondrichthyan 58 27 3 88
Invertebrate 0 2 23 25
Marine bird 4 57 18 79
Marine mammal 1 47 1 49
Marine reptile 0 6 1 7
Teleost 96 100 156 352
Total 159 239 202 600

Target species
15 target species/stocks are classified as highXisas medium risk, and 2 as low

risk. There was very little missing data.

The following species are classified as high r&ttiool shark, saw shark, gummy
shark (Bass Strait and South Australian stocksg, lorange roughy (eastern,
southern, western and Cascade stocks), blue ex@léreblue grenadier, gemfish (east
and west), jackass morwong, and mirror dory.

These species are classified as medium risk: ehtfista redfish, flathead, John dory,
blue warehou (east and west), spotted warehowergievally, inshore and offshore
ocean perch.

These species are classified as low risk: schodlivghand royal red prawn.

These results are generally consistent with motaldd assessments of the target
species, with the exceptions of blue warehou drdrdirevally which are currently
classified as overfished (Caton and McLoughlin 20&ver trevally has a medium
risk score in this analysis because its produgtigihigh (therefore scores low) due to
its low age and size at maturity, and its suscéjpyilis medium because a high
proportion of its core range within the fisheryedamot overlap with fishing effort.
Much of the silver trevally catch is taken in Stat@ers. Blue warehou has a medium
rather than a high risk score because its prodtictsrhigh (therefore scores low) due
to its relatively short lifespan, and low age aiz st maturity. Several species have a
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high risk score because a high proportion of tbeie range is covered by this fishery,
leading to a high susceptibility score.

Byproduct species
Of the 95 byproduct species, 39 are classifiedgis fiisk, 28 as medium risk and 28
as low risk. There was very little missing data.

16 of the high risk species are chondrichthyanschvare classified as high risk due
to their low productivity and high susceptibilitgeven of these are likely to be found
only in southern Australia; eight are widely dilstried, but are temperate species, so
could form local stocks in southern Australia; @sma tropical species, so is unlikely
to form a local stock in the area of this fishery.

Seven of the high risk chondrichthyans are founer éive inner shelf (0-110m), ten
over the outer shelf (110-250m), nine over the usfEpe (250-565m), four over the
mid-upper slope (565-820m), three over the midsl@20-1100m), and two over the
lower slope (1100-3000m). Most of the species ooger more than one of these
bathymetric zones (which explains why the numbeithé previous sentence don’t
add to the total number of high risk chondrichtts)an

The other 23 high risk species are teleosts thag hehigh proportion of their core
range covered by this fishery, and therefore haweesl as highly susceptible. Two of
these are likely to be found only in southern Aaigtr 20 are more widely distributed,
but are temperate species, so could form locakstwcsouthern Australia; one is a
tropical species, so is unlikely to form a localct in the area of this fishery.

Nine of the high risk teleosts are found over tiveer shelf (0-110m), 12 over the
outer shelf (110-250m), 17 over the upper slop®{2&m), 11 over the mid-upper
slope (565-820m), seven over the mid-slope (82®dM0and none over the lower
slope (1100-3000m).

Discard species
Of the 276 discard species, 99 are classifiedgts gk, 79 as medium risk and 98 as

low risk. Of all the species components, discauts$the highest proportion of
missing attributes, with an average of almost dtrébate missing.

More than a third of the high risk bycatch speearschondrichthyans with low
productivity and high susceptibility. Of the 38 higsk chondrichthyans, 14 of these
are likely to be found only in southern Austral4; are more widely distributed, but
are temperate species, so could form local statksuthern Australia; three are
tropical species, so are unlikely to form a lo¢atk in the area of this fishery.

16 of the high risk chondrichthyans are found dterinner shelf (0-110m), 20 over
the outer shelf (110-250m), 18 over the upper s(@p6-565m), 16 over the mid-
upper slope (565-820m), 13 over the mid-slope (B200m), and one over the lower
slope (1100-3000m).

The rest of the high risk discard species are s¢éte@nd almost all of these score high
risk because of high susceptibility. These spedlidsave a high proportion of their
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range covered by this fishery, live in habitats wetthey are likely to be encountered
by the gear, and are the right size to be seldntede gear.

Of the 61 high risk teleosts, four of these arelliko be found only in southern
Australia; 21 are more widely distributed, but teperate species, so could form
local stocks in southern Australia; seven are talppecies, so are unlikely to form a
local stock in the area of this fishery. Six spediave missing productivity
information, and for four species the distributibimformation needs checking. 15
species (mostly whiptails) are benthopelagic sygettiat will only be at risk in this
fishery if the net is flown off the bottom.

16 of the high risk teleosts are found over theeirshelf (0-110m), 19 over the outer
shelf (110-250m), 35 over the upper slope (250-562mh over the mid-upper slope
(565-820m), 14 over the mid-slope (820-1100m), faxudl over the lower slope
(1100-3000m).

TEP species
Of the 201 TEP species, 6 were classified as h#fh 121 as medium risk and 74 as

low risk. Risks for TEP species were lowered coasitlly by use of observer
information, provided in the ISMP report and attRAEF workshop held at
Queenscliff in August 2005.

All seabirds were assigned a low selectivity, aseober data show that although
many birds are observed, only a small percentagigeske come into contact with the
gear, and of these very few die. Of the 79 marirdshn the analysis, 57 were
classified as medium risk and 18 as low risk. Hdwahiti petrel, long-tailed jaeger,
Pacific albatross, and Chatham albatross) wersifiled as high risk, but this was due
to lack of information. These species are simiapthers in the analysis: it is highly
likely that missing information can be found whigbuld eliminate them from the
high risk category.

Of the 49 marine mammals, one was classified dsgg, 47 as medium risk, and
one as low risk. The Australian fur seal is at higk due to its low productivity and
high susceptibility. Observer reports show thatssaee frequently encountered in the
fishery, and do come into contact with the gearer@V it appears that the total
Australian fur seal population has increased iemégears (Stewardson and Knuckey
2005).

Dolphins were assigned a low encounterability, lzeovers report that although
dolphins are seen occasionally bow riding, theydbinteract with the gear. Whales
were also assigned a low encounterability, as #éneyot reported as seen by
observers. Risk scores were reduced for the lavbate species, due to their being
assigned a low selectivity because of their large. s

The three TEP shark species were classified asumedsk as observers report very
few interactions as most of these species are iashibose that are caught are
generally released alive.

For the seven species of marine reptiles, six wkassified as medium risk, and one
as low risk. Sea snakes were medium risk due todadata. Turtles were assigned a
low encounterability as observers reported that #re not seen in this fishery — their
risk category was medium.
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Of the 61 syngnathids, one was classified as h#t) eight were classified as
medium risk due to a high overlap with the fishenyd the rest were low risk as they
had little or no overlap with the area of the fighdhe spiny pipehorse was classified
as high risk. This species is restricted to soatstern Australia, and has been seen
entangled in fishing gear by observers (40 obsemsitin 2004).

Habitat Component:

The PSA analysis of the habitats of the South Ees#l fishery was presented to a
SETMAC meeting on 22 November 2005. The PSA metloggydchas since been
reviewed and revised. The following results refkbet revised methodology (as at 26
April 2006).

Overall

A total of 158 habitat types were considered. Twemie attributes were scored for all
habitats. About a third of the total species fefbieach risk category. Risk Ranking
categories have been adjusted following the PSA&das stakeholder feedback and
expert opinion. The resulting 2D PSA risk rankifigs M or L) including overrides
are considered in the following discussion. Ovesidre made according to the
rationales discussed in the evaluation and arediedl in the table above which lists
all habitats assessed in the PSA. Overrides aategary adjustment only, the
Productivity and Susceptibility scores could notdgusted further to automatically
over ride overall risk values.

Summary of average productivity, susceptibility awverall risk scores.

Component Measure

All habitats Number of habitats 158
Average of productivity total 2.13
Average of susceptibility total 2.08
Average of overall risk value (2D) 3.01
Average number of missing attributes 0

PSA (productivity and susceptibility) risk categewifor the habitat component
Risk Category High Moderate Low Total
Total Habitats 46 58 54 158

PSA (productivity and susceptibility) risk categsifor sub-biome (depth zone) fished (before oderri
adjustment).

Coastal Inner- Outer- Upper- Total
2D Risk Score| Margin shelf shelf slope Mid-slope | habitats
High 0 0 19 15 25 59
Medium 0 5 4 25 11 45
Low 0 23 31 0 0 54
Total Not in fishery 28 54 40 36 158

PSA (productivity and susceptibility) risk categarifor sub-biome fished after Risk Ranking adjustme
(stakeholder/expert override).

Coastal Inner- Outer- Upper- Total
2D Risk Score| Margin shelf shelf slope Mid-slope | habitats

High 0 0 18 12 16 46
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Medium 0 5 5 28 20 58
Low 0 23 31 0 0 54
Total Not in fishery 28 54 40 36 158

No inner shelf habitats are classified as high, fisis medium risk, and 23 as low
risk. Eighteen outer shelf habitats produce higk sicores, 5 medium and 31 are at
low risk. Of the upper slope 12 are classified igh hisk, 28 at medium and no upper
slope habitats appear at low risk. Habitats at shighe depths are either at high risk
(16) or at medium risk (20), none are consideredrisk.

Discussion

The broad operating depth range of the sub-fishieggther with the detailed data
available to define habitats, results in many déife habitat types (158) being
identified and assessed. This has the effectahiiding large numbers of habitat
types in each risk category. However, these detaigbitat types can be readily
aggregated into a smaller number of general categtor interpretation. This is
because many types are similar, differing in omg cespect of substratum or
geomorphology or dominant fauna, and thereforagtitrg similar PSA scores and
the same risk rankings. For example, one gengralwill group together the habitats
of a depth zone characterized by similar substratndhgeomorphology but different
large fauna (sponges, crinoids, octocorals or mo@dmunities).

The distribution of risk values for SET otter trawlapproximately equal: 54 (34%)
low, 58 (37%) medium and 46 (29%) high. High risibhat types were identified on
the mid-slope, upper slope and outer shelf typeésibuon the inner shelf. Medium
risk habitats were from these depth zones butiatdoded five types on the inner
shelf.

Factors contributing to the high risk ranking ofi#bitats included the relatively high
overall level of disturbance of bottom trawling ahe large number of continental
slope habitats fished — where there is very higérlap of fishing effort on the entire
upper slope, and extensive use of the mid-slopeevyr@ductivity is lowest. There is
potentially high removability of epifauna that daege, erect or delicate, particularly
where habitats have low ruggedness (low angle aidaccessibility) and low
resistance (e.g. sediments). In overview,

» 16 high risk mid-slope habitats included severégaries of hard bottom
which are low-relief, mostly sub-cropping, frialdedimentary rocks or mud
stones (present as slabs, boulders or cobblesyyviaaare probably sediment
veneers over hard bottom, with large, erect orcdédi epifauna consisting of
octocorals, crinoids, small sponges and sedentanyads. Outcropping rocky
habitat with low encounterability eliminated marpngplex and diverse types
from the high risk category. Several types of boftom habitats are
characterized by large, erect or delicate epifabiabitats of seamount and
canyon features are included in this depth zone.

» 15 high risk habitats on the upper slope also oeduseveral low-relief hard
bottom habitats, but featured epifauna dominateldime sponges not seen on
the mid-slope. Several types of soft bottom haébisae characterized by large,
erect or delicate epifauna. The most importanhe$é soft seabed types is
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based on bryozoan communities, which are restrictednarrow zone on the
extreme outer shelf and upper reaches of the gdppe. Habitats of canyon
features are included in this depth zone.

» 12 high risk outer shelf habitats are mostly seitiment seabed types, with
some rock bottom which is mostly low-relief, sulmgping sedimentary rocks
or cobble. Epifauna is characteristically domiddtg large sponges, with
sedentary and mixed epifauna dominant in some tyfesimportant
bryozoan based epifauna occurs on the extreme siuéft

Factors contributing to the medium risk ranking8fhabitats, as for high risk types,
included the relatively high overall level of didbance of bottom trawling and the
large number of continental slope habitats fish@dhere there is very high overlap of
fishing effort on the entire upper slope, and esitemuse of the mid-slope where
productivity is lowest. High outcrop habitats agpm this category because despite
low encounterability by bottom trawling, there iscertainty about the degree of
ruggedness that prevents trawl access using néwdbgy. In overview,

» 18 mid-slope medium risk habitats are mostly softdm types characterized
by bioturbators (and include no visible fauna).bkts include several
categories of hard bottom which are mostly lowefelsub-cropping, friable
sedimentary rocks (present as slabs or cobbled)waat are probably
sediment veneers over hard bottom, with epifaumsisting of small
encrusting animals. Categories with no fauna axed by the low
productivity of the mid-slope, and in the casedt bottom types can
probably be eliminated at Level 3. However, in sarases such as
seamounts, the fauna of hard bottom habitat typpsas to have been
removed by trawling. High relief, hard rock is inded as medium risk despite
it having a low encounterability score. This isagerfeature of the mid-slope,
probably only present at seamounts, canyons oe dedris flows at the bases
of large canyons.

» 28 upper slope medium risk habitats are an equabifrsoft and hard bottom
types. Soft types are characterized by small spgrencrustors and
bioturbators, while several types of rock bottonialibare mostly low-relief,
sub-cropping, friable sedimentary rocks (presera@ss or cobbles), and what
are probably sediment veneers over hard bottone Bpifauna consisting of
small sponges and encrustors.

» 5 outer shelf medium risk habitat types includecoaping and subcropping
rock bottom present as sedimentary rocks or cobliteepifauna dominated
by large and small sponges and crinoids.

» 5inner shelf medium risk habitat types are safireent types characterized
by large sponges and mixed epifaunal communities.

Fifty four habitat types, all on the continentagéBhscore at low risk. This result is
driven in large partly by its relatively high pratlivity (compared to the slope) based
on a faster regeneration time of fauna, and adaptaf fauna to a greater degree of
natural disturbance. There are several other&etpfs for the inner shelf including a
large overall area (151,000 sq km or 60% of the 8&Ween 25 and 1,500 m depth),
low overlap by trawl effort (11%), large areas elfatively invulnerable habitat
(dynamic, naturally disturbed sediment plains Jiitte emergent fauna), and a
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relatively high proportion of unencounterable rockgf existing as hard, high relief
outcrop (areas unquantified but known to be vemydaespecially in the western half
and NE of the fishery). In overview,

» 31 outer shelf low risk habitat types are predomilyssoft sediment types
with small sponges, encrusting, burrowing or na&uA small number (4) of
hard bottom types have small sponges, encrusting euna

« 23 inner shelf low risk habitat types are predomilyasoft sediment types
with a variety of fauna from large sponges to hib#ators. A small number (4)
of hard bottom types have large sponges or mixddieya.

2.4.7 Decision rules to move from Level 2 to Level 3 (Step 7)

For the PSA overall risk values, units that faltte upper third (risk value > 3.18)
and middle third (2.64 < risk value < 3.18) of t8A plots are deemed to be at high
and medium risk respectively. These need to béothes of further work, either
through implementing a management response to sslthe risk to the vulnerable
species or by further examination for risk withie fparticular ecological component
at Level 3. Units at low risk, in the lower thindsk value <2.64), will be deemed not
at risk from the sub-fishery and the assessmeartrisluded for these units.

For example, if in a Level 2 analysis of habitatdy, two of seven habitat types were
determined to have risk from the sub-fishery, dhlyse two habitat types would be
considered at Level 3.

The output from the Level 2 analysis will resulfaur options:

» The risk of fishing on a unit of analysis withiramponent (e.g. single
species or habitat type) is not high, the ratiomaocumented, and the impact
of the fishing activity on this unit need not beessed at a higher level unless
management or the fishery changes.

» The risk of fishing on a unit is high but managetrstrategies are introduced
rapidly that will reduce this risk, this unit nerdt be assessed further unless
the management or the fishery changes.

» The risk of fishing on a unit is high but thereagditional information that can
be used to determine if Level 3, or even a new gament action is required.
This information should be sought before actiotaigen

* The risk of fishing on a unit is high and there aoeplanned management
interventions that would remove this risk, therefthe reasons are
documented and the assessment moves to Level 3.

At Level 2 analysis, a fishery can decide to furiheestigate the risk of fishing to the
species via a Level 3 assessment or implement agearent response to mitigate the
risk. To ensure all fisheries follow a consistertigess in responding to the results of
the risk assessment, AFMA has developed an ecalogsk management framework.
The framework (see Figure below) makes use of xistieg AFMA management
structures to enable the ERAs to become a pammhal fisheries management,
including the involvement of fisheries consultato@mmittees. A separate document,
the ERM report, will be developed that outlines thasons why species are at high
risk and what actions the fishery will implementéspond to the risks.
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Figure x: Ecological Risk Management Framework
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2.4.8 High/Medium risk categorisation (Step 8)

Following the_Level 2 PSAcoring of target, bycatch and byproduct, and $géties,
the high and medium risk species have been dividedive categories that highlight
potential reasons for the higher risk scores. Thasegories should also help identify
areas of uncertainty and assist decisions regapbsgible management responses for
these species. The categories are independenpanigs are allocated to each
category in the order the categories are presdmgiedv. Thus, while in principle a
species could qualify for both Category 1 and @iilitonly appear in Category 1
because that was scored first. The five categareprogrammed into the PSA excel
spreadsheets for each fishery according to theviwtlg algorithms:

» Category 1: Missing data(>3 missing attributes in either Productivity or
Susceptibility estimationRationaleA total of more than 3 missing attributes (out
of 12 possible) could lead to a change in riskesdothe information became
known. This is because where information is miséomgn attribute, that attribute
is automatically scored as high risk. The choic8 aftributes was identified using
sensitivity analysis.

» Category 2 Spatial overlap

* 2A.Widely distributed (More than 80% of the full range of a species is
outside the jurisdictional boundary of the fishefgationaleThese
species may have refuge outside the fishery.

» 2B. Low overlap(<20% overlap between effort and the species
distribution inside the fishery)Refers to the preferred Availability
attribute used to calculate Susceptibility. Ratlen#@his cutoff (20%) has
no strong rationale, other than being a low peagmbverlap. Additional
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work to determine what threshold might be applieablrequired.
However, the categories are to be used as a guidednagement, and
additional effort to decide on cutoffs may be mased if the categories are
just used as a guide. A similar analysis couldtertaken for the
encounterability and selectivity attributes, bugréhis more information
available for availability (overlap) for most spesiand overlap may be
more informative about risk. A subtle change iifig practice could
modify encounterability or selectivity, while toage availability requires
a major change in fleet location, which will beieaso detect.

» Category 3 Low (susceptibility) attribute score (One of the susceptibility
attribute scores = 1)Rationale These species may be scored high risk based on
productivity risk alone, even if their susceptityilis very low.

» Category 4 Spatial uncertainty (No detailed distributional datavailable
Availability was calculated using less reliable mpisyg data or distributional
categories: Global/Southern Hemisphere/Australith stock likelihood overrides
where necessary. Rationatke absence of fine scale catch and species
distribution data (e.g. TEP species) means thasubstitute attribute
(precautionary) was used. Spatial data should bghgo

» Category 5 Other. risk score not affected by 1-4 consideatbve

Categorisation results - High risk species — an ergle
Of the 58 species classified as high risk in theBGAishery, 3 had missing data

(Category 1), 32 are widely distributed outsidefthiery (Category 2A), and 2 had
low overlap inside the fishery (Category 2B). Thesre 21 other high risk species.

High risk Description Total
Category
High risk - Missing data for more that 3
Category 1 attributes 3
Category 2A High risk - Widely distributed outside fishery 32
Category 2B High risk - Low overlap inside fishery 2
High risk - One susceptibility attribute scored
Category 3 low 0
Category 4 High risk - Spatial uncertainty 0
Category 5 High risk -other 21
Total High 58

It is important to stress that this categorizatioes not imply a down-grading of risk.
It is intended as a tool to focus subsequent dssons on risk treatment and identify
needs for further data. Sensitivity analysis topghgicular cutoffs has not been
undertaken in a formal sense, and may not be edjuis these categories are
intended as guides to focus further consideratfdhehigh risk species. These
categories may also indicate the presence of fadseives in the high risk species
category, but only further analysis or data caemeine this.
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2.5 Level 3

» Review work already done at Level 3 (stock assesgmeeological modelling
ect)
* Link back to Level 2 results

At the conclusion of Level 2, a number of units rhaye been identified as being at
high risk because of the activities of the fishdiye options are (i) a management
response to reduce the risk, (ii) provision of &ddal information to justify that the
high risk is managed, or (iii) investigation of thigh risk unit with a Level 3
approach. Before proceeding to a new Level 3 inyason, suitable existing
information to further understand the risks shdwéddentified. The stakeholders for a
fishery can assist the Level 3 development by ifieng such information; the known
information is reported in Table 28 below.
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Table 28. Identification of information regarding high risk units of analysis in sub-
fishery name. Example words are added to assist tttempletion of this table.

Component and issue | Assessment Action plan Current researcll Previous research
exists exists underway should provide
information on this
issue
Target Species
Component
Fish Species X Stock
assessment for
eastern stocks
completed in
2006. status
classified as
overfished
Fish Species Y No No No None known
Byproduct/Bycatch
Component
Shark species Z No No No This species was

investigated in
northern Australia,
and found to be
very rare in deep
water, breeding
females all come
into estuaries, and
hence the overlap
with the fishery is
probably
overestimated.

TEP component

Bird species Z

Bycatch action
plan for fishery
(2004) describes
the measures
taken to reduce
encounters with
this species

Research projec
FRDC 2003/555
is underway.
Goal is to
develop a bait
that sinks
quickly

t

Habitat Component

No high risk unit

Although no
high risk units
were identified,
there is ongoing
work to describe
the habitat types
on the grounds
where th
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3. General discussion and research implications

The format of content here is less well prescrilzed] so a template for this section is
not possible

An example is provided for an assessed fishery:

Fishery: Southern and Eastern Scalefish and Skahlery (SESSF)
Sub-Fishery: otter trawl component of Commonwealdawvl Sector

The SESSF otter trawl fishery is multi-speciesdistthat catches over 80 species of
commercial value. It operates southward from BaoeynPoint in NSW, around
Victoria and Tasmania and west to Cape Jervis irtfSAustralia, over depths from the
inner shelf to the lower slope. The fishing metligdd is demersal otter trawling.

Twenty species (or species groups) are managed Ug€s. The quota species are
extremely diverse, ranging from mid-water predatorsshore, mid-shelf and upper
slope demersal species. The SESSF trawl fisheny important component of the
Australian fishing industry, taking the largestnage and supplying most of the fresh
fish for Sydney and Melbourne.

3.1 Level 1

No ecological components were eliminated at Level 1
A number of hazards (fishing activities) were ehatied at Level 1. Those remaining
included:

» Fishing (direct and indirect impacts on all 5 egital components)

» Gear loss (impact on TEP species)

» Translocation of species (impact on habitats)

» Discarding catch (impact on TEP species)

« Navigation/steaming (impact on target species)

» Activity/presence on water (impact on target speeaied communities)

» Fishing through physical disturbance (impact onitagdhand communities)

Significant external hazards included other fisk®in the region, coastal development,
and other extractive activities.

Risks rated as major or above (risk scores 4 orebg all related to direct or indirect
impacts from primary fishing operations. Severeantp (risk score 5) were confined to
habitats and byproduct/bycatch species.

3.2 Level 2

The two components that Level 1 analyses suggestes at severe risk from fishing
were byproduct/bycatch species and habitats. Biisssment was confirmed by the
Level 2 analyses. Of the 600 species assessedyar@Xound to be at high risk, with
138 of these in the by-product and by-catch catego48 of the 158 habitats assessed
were also found to be at high risk from trawling.
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3.2.1 Species at risk

Of the six TEP species found to be at high riskr faf these (all bird species) had a
significant number of missing attributes. A resbgvdority is to undertake a more
thorough literature search to reduce this uncestagnd in all probability eliminate any
bird species from the high risk category. Of thma@ing two TEP species, seals are
known to be caught in significant numbers by tragjiand trials have been conducted
to develop seal exclusion devices for use in soants pf the fleet (e.g. blue grenadier
factory trawlers). A code of conduct to reduce seathes has been implemented by
SETFIA. Growing seal populations are likely to regent an ongoing challenge to trawl
fishermen in avoiding capture of this protectedcggme Although explicit population
models of seals have not been developed, it iswdilgely that current catch levels
represent a threat to ecological sustainabilitthif species. A large number of
syngnathid species was assessed at Level 2, buboelspecies, spiny pipefish, was
found to be at potentially high risk. Further as&yof ISMP data should be undertaken
to assess the spatial and seasonal charactedbtiasches of this species, which may
help to suggest possible mitigation measures.

About half the target species were assessed togagentially high risk. All these
species are currently managed under the quota reareag system, and quantitative
stock assessments (equivalent to Level 3 analgsesjvailable for a number of these
species. Several species are indeed overfishedréderange roughy stocks, eastern
gemfish, school shark). Formal harvest strategiealf quota species were
implemented in 2005, and application of these afias should ensure that overfished
species recover and that other quota species asubject to overfishing into the
future.

The majority of species judged to be at high rigkeweither by-product species (39) or
discard species (99). A significant number of theghin both categories are
chondrichthyan (shark and ray) species which géigdrave low productivity. Some
within this group are likely to be false positivespecially those with wide distributions
or that are mainly tropical. However there stilin@n a considerable number of
chondrichthyan species that are endemic to southesiralia and that are highly
susceptible to capture by trawling. Of the 54 migk chondrichthyans, 21 are found
only in southern Australia, and these should bddhas of further analysis and/or
specific management action (see table below). Aendetailed risk analysis of
chondrichthyan species in southern Australia isdpeindertaken currently within an
FRDC project (FRDC 202/033), and results from ghigly should be available shortly.

Of the considerable number of teleost species midgyde at high risk, many may be
false positives. Almost a half of these are widdbtributed and would only be at risk
from the otter trawl fishery if they constitutedc#d stocks within the range of the
fishery. Further information on stock structure tiois group would be valuable in
assessing risk. About 15 high risk species aresified as benthopelagic, most of these
being whiptails. These could be at risk from mid@vdrawling, or where nets are
sometimes flown off the bottom as in some orangegg fishing. A more detailed
analysis of which of these species might be vulierto this form of fishing would be
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valuable. For only six of the 84 high risk telesgécies is there a reasonable level of
confidence that they could genuinely be at higk, msainly due to restricted southern
distribution and high susceptibility to the geargtable below). More detailed analysis
of logbook and observer data for these speciesiisanted, as well as a search for any
information on relative or absolute abundance feamveys or from catch records from
other fisheries in the area.

The high risk chondrichthyan species are foundl ategth ranges in the fishery.
Allowing that many species are found across sespih categories, the following
number of high risk species is found by depth:

Inner shelf (0-110m) 23
Outer shelf (110-250m) 30
Upper slope (250-565m) 27
Mid-upper slope (565-820m) 20
Mid-slope (820-1100m) 16
Lower slope (1100-3000m) 3

As with the chondrichthyans, the high risk tele@sts distributed across all depths
fished, with number of species at each depth liseddw (the same species can occur at
multiple depths):

Inner shelf (0-110m) 25
Outer shelf (110-250m) 31
Upper slope (250-565m) 52
Mid-upper slope (565-820m) 38
Mid-slope (820-1100m) 21
Lower slope (1100-3000m) 4

Closer evaluation of the distribution of high risk-product and by-catch species has
reduced the core set to 21 chondrichthyans angtlegsts, which all have a large
overlap in range and depth distribution with threhéry, and are restricted in distribution
to southern Australia. This core set is listechia table below. These species are found
at a wide range of depths covering all depthsdhafished. Since spatial management
(use of seasonal and permanent spatial closurgshbenthhe best way to mitigate risks
for many of these species, a more detailed anabyste spatial and seasonal
distribution of catches (based on logbook, ISMR], survey data) would be very
worthwhile. Study of habitat associations of higdk ispecies may also be informative
for selection of mitigation measures, and may iagicatural spatial refuges from
trawling (and hence lower levels of risk). Howegensideration needs to be given to
risk from other fishing methods in such analysespBsed MPAs in south eastern
Australia will also provide refuges for at leastrespecies, though the coverage at
some depth ranges of these MPAs may be inadequagerdnge of high risk species.

In considering spatial management for protectiohigh risk species, a key concern is
the mobility of species and their movement into antof protected areas (be they
natural refuges or areas closed to fishing by MBAfsshery closures). A current FRDC
proposal aims to examine this important issue.
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Finally, much of the uncertainty in translating sigs identified by Level 2 analyses as
potentially high risk into actual risk categori¢sras from the lack of data on abundance
of these species (against which to judge the swedtdity of catches). The current
proposal to develop a system of fishery indepensgienteys for the SESSF should take
into account the needs for such data for by-prododtdiscard species currently
assessed as potentially high risk.
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Priority high risk byproduct and bycatch species

Distribution and depth information for chondrichéimg is from Last and Stevens (1994), unless oteermated; and for teleosts it is from

Daley et al. al. (1997) and FishBase

Taxa Scientific name Common name role average Distribution Core depth
logbook range
catch
(kg)
2001-04
Probably endemic to eastern Australia — from resrttNSW to
eastern Tasmania; caught in SE trawl from 1992-188& very
Chondrichthyan | Centrophorus harrissoni  Harrisoogfigh BP 0| few left in areas where previously targeted (Daeyal 1998) 400-800m
Cephaloscyllium Inshore on the continental shelf of southern Alistfeom
Chondrichthyan | laticeps Draughtboard Shark BP 808ervis Bay (NSW) to Recherche Archipelago (WA) o6
Cephaloscyllium sp. A
[in Last & Stevens, Southeastern Australia from Port Stephens (NSVPoi
Chondrichthyan | 1994] Whitefin Swell Shark BP 112Lincoln (SA) 240-550m
Southeastern Australia from Coffs Harbour (NSWB&achport
Chondrichthyan Hydrolagus ogilbyi Ogilbys Ghost &hal BP 29| (SA) 120-350m
Southern Australia from Moreton Bay (QId) to Jurkeay
Chondrichthyan Myliobatis australis Southern EdRpey BP 9,740 (WA), and possibly NZ to 85m
Now thought to be endemic to southern AustraliagBt
Chondrichthyan Squalus mitsukurii Green-Eyed Ddygfis BP 17,134| pers.comm.) 180-600m
Australian Angel
Chondrichthyan Squatina australis Shark BP 59,684 Southern Australia from Sydneyadtiriest Island (WA) to 130m
Chondrichthyan | Aptychotrema rostrata shovelnose ray | DI 0 | Eastern Australia from Moreton Bay (Qld) &rvds Bay (NSW) to 50m
orange spotted
Chondrichthyan | Asymbolus rubiginosuscatshark DI 0 Eastern Australia from Port Macquéxi8W) to southern NSW 40-79m
Chimaera sp. A [in Last
Chondrichthyan | & Stevens, 1994] southern chimaera DI 0 Southerstralia from Eden (NSW) to Abrolhos Islands (WA)  03850m
East coast of Australia between Moreton Bay (Qfd) dervis
Chondrichthyan | Dipturus australis common skate DI Bay (NSW) 50-180m
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Taxa Scientific name Common name role average Distribution Core depth
logbook range
catch
(kg)
2001-04
Southern Australia from Eden (NSW) to Rechercheniuglago
Chondrichthyan Dipturus cerva white spotted skate | D 0 (WA) 20-470m
Southern Australia from Shellharbour (NSW) to Gatah
Chondrichthyan Dipturus gudgeri bight skate DI OWA) 400-550m
Chondrichthyan Dipturus sp. B grey skate DI 0 Seattern Australia from Jervis Bay (NSW) to EuclaA\wW 450-600m
whitley's (melbourne) Southeastern Australia from Wollongong (NSW) to il
Chondrichthyan Dipturus whitleyi skate DI 0/ (WA) to 170m
Chondrichthyan | Galeus boardmani sawtail shark DI Foom Noosa (QIld) to Carnarvon (WA) 150-640m
Notoraja sp. A [in Last
Chondrichthyan | & Stevens, 1994] blue skate DI 0 Southern Austifatien northern NSW to Perth 840-1120m
Chondrichthyan Pavoraja nitida peacock skate DI Outlgastern Austalia from Newcastle (NSW) to EYkA] 30-390m
Widespread Australian endemic — Swain Reefs (Q@iddrt
Chondrichthyan | Torpedo macneilli electric ray DI Bledland (WA) 90-750m
sandy-backed
Chondrichthyan Urolophus bucculentusstingaree DI 0 Endemic to Australia 100-230m
green-backed Southeastern Australia from Stradbroke Island (@ddortland
Chondrichthyan Urolophus viridis stingaree DI 0 (Vic) 80-180m
Teleost Cyttus australis Silver dory BP 23,493 Beut Australia WA to NSW 10-350m
Teleost Dannevigia tusca Australian Tusk BP 140 ti8ou Australia — GAB to Bass Strait 115-400mM
Teleost Chaunax endeavouri coffinfish DI 0 Eastaustralia from Newcastle (NSW) to Bay of Fires (Yas  50-300m
Teleost Eptatretus longipinnis hagfish DI 0 Southiustralia — off Robe and Cape Douglas (SA) to 40m
Teleost Maxillicosta whitleyi whitley’s scorpionfis DI 0 | Southeastern Australia from Southport(Q@BA 20-140m
Southeastern Australia from Broken Bay NSW to adoun
Teleost Psychrolutes marcidus smooth-head blobfigh 0 | Tasmania 600-1200m
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Residual risk

As discussed elsewhere in this report (Sectioth&) ERAEF methods are both
hierarchically structured and precautionary. Thedld (SICA) analyses are used to
identify potential hazards associated with fisramgl which broad components of the
ecological system they apply to. The Level 2 (P8Adlyses consider the direct impacts
of fishing on individual species and habitats (eatthan whole components), but the
large numbers of species that need to be asseasdeleanature of the information
available for most species in the PSA analysegdithese analyses in several important
respects. These include that some existing managemeasures are not directly
accounted for, and that no direct account is taiehe level of mortality associated
with fishing. Both these factors are taken intocact in the ERAEF framework at

Level 3, but the analyses reported here stop atll2vThis means that the risk levels
for species must be regarded as identifying pakrdther than actual risk, and due to
the precautionary assumptions made in the PSA semlyhere will be a tendency to
overestimate absolute levels of risk from fishing.

In moving from ERA to ERM, AFMA will focus scarcesources on the highest priority
species and habitats (those likely to be mosshtfrom fishing). To that end, and
because Level 3 analyses are not yet availabledést species, AFMA (with input from
CSIRO and other stakeholders) has developed gneteto assess “residual risk” for
those species identified as being at high poterisklbased on the PSA analyses. The
residual risk guidelines will be applied on a spediy species basis, and include
consideration of existing management measuresunggritly accounted for in the PSA
analyses, as well as additional information abbetiévels of direct mortality. These
guidelines will also provide a transparent prodessncluding more precise or missing
information into the PSA analysis as it becomeslaliz.

CSIRO and AFMA will continue to work together talnde the broad set of
management arrangements in Level 2 analyses, asd thethods will be incorporated
in future developments of the ERAEF framework. GSIRas also undertaken some
preliminary Level 3 analyses for bycatch specieséveral fisheries, and these or
similar methods will also form part of the ovefaRAEF framework into the future.

3.2.2 Habitats at risk

The Level 2 habitat PSA analyses have highlightexhge of habitat types likely to be
at high risk from trawling. These habitat typese@oloth hard and soft ground (the
former still able to be trawled), and generallyahse habitats with large, erect and
fragile epifauna of various types, as well as lolygrg bryozoan beds near the shelf
break. High risk habitats have been identifiedlladepth ranges deeper than 100m.

The best options available for managing (the usBrsenthic habitats assessed as high
risk are likely to involve regulating access thrbdgng-term or permanent spatial
closures. These can be gear-specific to acknowldughighly different levels of risk
from different gears, but also need to take accotinumulative effects of different sub-
fisheries. Long term or permanent spatial closad®owledge that habitat protection
requires a different response than short term agigul of access, such as seasonal
closures to protect spawning stocks.
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Initially, the information required for an informendanagement response includes
knowledge of what habitats exist, how much of egpke there is, and where they are
found. So that goals can be clearly defined, @$® necessary to know whether a
habitat is essential to maintaining a part of tkldry ecosystem (is important for
commercial species), or has important biodivensiyies. The Level 2 analysis
provides an evaluation of what habitats exist r@evant level of detail for risk
assessment, some coarse scale information on ¢leerftuch” and “where”, and some
insights into their value to the fishery and toddersity values. However the issue of
“how much” and “where” requires further analysiadaover time, further data
collection).

Additional information to that used in the risk @ssment does exist, and would enable
an examination of management options. Primarilyithfiner scale information on
habitat distribution (how much and where), but infation on the role of habitat for
ecosystem function (e.g. providing refuge for conmuia species) is available in some
cases.

A feature not highlighted in the Level 2 assesssienthat many high to medium risk
habitats are scarce, while low risk habitats caexiensive. This suggests that any
spatial closures would need to be carefully locaded, if this is possible, relatively
small areas may be effective to protect certaintaatypes. For example, the hard
bottom habitat types of the mid-slope (a mix ofthémd medium risk types) are
estimated to make up as little as 12% of its tatah (~38,000 sq km). Only a
proportion of this is encounterable by trawl, prg scope to protect pristine habitats
while minimizing the impact on present fishing sities. MPA implementation will
also have a strong influence on protecting mid-slogrd bottom habitat types due to
the extensive coverage of the cinder cone seamoftfraeuthern Tasmania. In contrast,
the relatively large inner shelf (~150,000 sq kennade up by large areas of low risk,
relatively invulnerable habitats (dynamic, natyralisturbed sediment plains with little
emergent fauna) which have been used traditiof@adlfrawling, together with
considerable areas of hard, high relief rocky @mgadhat is too rugged for trawl access.

Hard bottom habitat types of the upper slope (awohixigh and medium risk types) are
estimated to make up only about 27% of the totpkeuglope area — but the upper slope
is relatively small (about half the area of the slidpe at ~19,000 sq km). While not all
hard bottom is presently encountered by trawlughyer slope as a whole is very widely
trawled. Present trawl effort overlap is estimaaetetween 65 and 90% and has
expanded recently. The distribution of effort frother sub-fisheries, particularly auto-
longline, is extensive and also expanding and atd&the need to consider cumulative
overlap and impact across sub-fisheries. This @oation of many high to medium risk
habitats, high and expanding overlap, and smalladivarea identifies the upper slope as
a high priority for both further analysis and matigpn.

Any consideration of spatial management for halpitatection should also involve an
analysis of the extent to which it would or wouldt help mitigate impacts on high risk
species. A key element of this is to examine tesgstem services provided by
complex fishery habitat to commercial species i prey.
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3.2.3 Communities at risk

This component of the methodology not completedHerLevel 2 stage

3.3 Key Uncertainties / Recommendations for Researc  h and Monitoring

In assessing risk to byproduct, bycatch and TERigpgit is not possible to assess
absolute risk without supplementary informationetther abundance or total mortality
rates, and such data are not available for themmagdrity of such species. However it
may be possible to draw inferences from informathat may be available for some
species, either from catch records of occurreram Wther fisheries, from fishery
independent survey data, or from examination afdsan CPUE from observer data.
Such data should be sought and examined for ttrertsl species identified in this
analysis.

In assessing risk to habitats, similar issues almsgeneral we do not have detailed
information on the amount of each habitat type gmef the area of the fishery, nor of
its spatial distribution. However some data andrimiation do exist from which
inferences can be drawn, and piecing this togethitre form of maps, particularly for
those habitats identified as high risk, should pearity.

Specific recommendations arising from this assessmelude:

» Obtain information on missing attributes for therfbird species at high risk.

* Obtain information on location of capture of sppigefish.

e Obtain missing information for 10 teleost specieligh risk.

» Consider risk of bentho-pelagic species (such aptails) in more detail; in
particular, consider the location and depth ofafsmid-water trawling and the
species that may be impacted by this fishing method

« Examine detailed observer data for the 21 chonthyam and six teleost
byproduct and bycatch species at high risk and digtributions restricted to
southern Australia; collate information on propamtiof shots for which each of
these species is observed, and if possible wegldeta to estimate total catch
of each species.

» For the six priority high risk teleost byproductdanycatch species: search for
any information on relative or absolute abundanamfsurveys or from catch
records from other fisheries in the area; perfordetailed analysis of the spatial
and seasonal distribution of catches; study hahgsbciations.

* More detailed assessments have been conducteddnga of chondrichthyan
species (FRDC 202/033 Rapid assessment of susiénady ecological risk of
shark and other chondrichthyan by-catch speciemtakthe SSF, SENTF,
SETF and GABTF). In some instance these assessigntsach a Level 3
analysis for these species, and should be exaraimgdised to update or over-
ride the Level 2 assessments reported in this sisayhen this report becomes
available.

» The current proposal to develop a system of fisirgpendent surveys for the
SESSF should take into account the need for abweddata for potentially high
risk byproduct and bycatch species.
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Map (to the extent that data allow) spatial disttibns of key high risk species
and habitats, to identify possible candidate afeafishery closures (taking into
account protection afforded by future MPAS in seeéist region).

Further targeted research and data collectiondterchining high risk habitat
distribution is required.

Examine the ecosystem services provided by confidb&ry habitat to
commercial species and their prey.
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Glossary of Terms

Assemblage

Attribute

Bycatch species
Byproduct species

Community
Component

Component model

Consequence

Core objective
End point
Ecosystem

External factor

Fishery method
Fishery

Habitat

Hazard identification

Indicator

Likelihood

A subset of the species in the commtlratycan be easily
recognized and studied. For example, the set okslzand
rays in a community is the Chondricythian assenslag
A general term for a set of propertielatiag to the
productivity or susceptibility of a particular urat
analysis.

A non-target species capturedighary, usually of low
value and often discarded (see also Byproduct).

A non-target species capturedfishery, but it may have
value to the fisher and be retained for sale.

A complete set of interacting species.

A major area of relevance to fisherigls regard to
ecological risk assessment (e.g. target speciestdyand
byproduct species, threatened and endangered specie
habitats, and communities).

A conceptual description of thedaotp of fishing
activities (hazards) on components and sub-comgsnen
linked through the processes and resources thartnaieie
the level of a component.

The effect of an activity on achietiregoperational
objective for a sub-component.

The overall aim of management foomponent.

A term used in risk assessment to dethetebject of the
assessment; equivalent to component or sub-componen
ERAEF

The spatially explicit association obébiand biotic
elements within which there is a flow of resoursg;h as
nutrients, biomass or energy (Crooks, 2002).

Factors other than fishing thaeeiffachievement of
operational objectives for components and sub-
components.

A technique or set of equipment tsddrvest fish in a
fishery (e.g. long-lining, purse-seining, trawling)

A related set of fish harvesting actidtiegulated by an
authority (e.g. South-East Trawl Fishery).

The place where fauna or flora complet@rad portion of
their life cycle.

The identification of actie$ (hazards) that may impact
the components of interest.

Used to monitor the effect of an actiwty a sub-
component. An indicator is something that can be
measured, such as biomass or abundance.

The chance that a sub-component wilaffected by an
activity.
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Glossary

Operational objective

Precautionary approach

PSA

Scoping

SICA

Sub-component

Sub-fishery
Sustainability
Target species
Trophic position

Unit of analysis

A measurable objective foomponent or sub-
component (typically expressed as “the level ofo¢sinot
fall outside acceptable bounds”)

The approach whereby, rié tisauncertainty about the
outcome of an action, the benefit of the doubt &hbe
given to the biological entity (such as speciebjtaaor
community).

Productivity-Susceptibility Analysis. Used aJel 2 in
the ERAEF methodology.

A general step in an ERA or the first stefne ERAEF
involving the identification of the fishery histqry
management, methods, scope and activities.

Scale, Impact, Consequence Analysis. UseewatILL in
the ERAEF methodology.

A more detailed aspect of a compoRenexample,
within the target species component, the sub-comisn
include the population size, geographic range,thed
age/size/sex structure.

A subdivision of the fishery on the ibaxf the gear or
areal extent of the fishery. Ecological risk isessed
separately for each sub-fishery within a fishery.

Ability to be maintained indefiniyel

A species or group of species wtegsteire is the goal of
a fishery, sub-fishery, or fishing operation.

Location of an individual organiemspecies within a
foodweb.

The entities for which attribute® scored in the Level 2
analysis. For example, the units of analysis ferTarget
Species component are individual “species”, whole f
Habitats, they are “biotypes”, and for Communities
units are “assemblages”.
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Appendix A: General summary of stakeholder feedback

Date

Format
received

Comment from stakeholder

Action/explanation
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Appendix B: PSA results summary of stakeholder disc ussions
Level 2 (PSA) Document L2.1. Summary table of stakelder discussion regarding PSA results.

For example: the following species were discus$édeaSETMAC meeting on 22 November 2005 in Mellmeur Selected high risk species
were discussed.

TAXA_NAME SCIENTIFIC_NAME COMMON_NAME | ROLE IN | Comments from SETMAC meeting 22 Action Outcome
FISHERY | Nov-2005, and follow-up






