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Background 

Section 43 (2) of the Fisheries Management Act 2007 requires that a management plan for a fishery:  

1. identify the impacts or potential impacts of the fishery on its associated ecosystem or 

ecosystems, including impacts on non-target species of fish or other aquatic resources; and 

2. identify any ecological factors that could have an impact on the performance of the fishery. 

Following the identification of the ecological impacts and ecological factors Section 43 (2) of the Act also 

requires that for the most serious risks strategies for addressing these risks be developed.  

The ‘2014 ESD risk assessment of the South Australian Spencer Gulf Prawn Fishery’ provided a 

comprehensive analysis of the impacts and potential impacts of the fishing activity, as well as identifying 

ecological factors that could impact on the performance of the fishery. This document updates the work 

undertaken in the 2014 ESD risk assessment. 

Method 

The ecological risk assessment of the effects of fishing (ERAEF) framework process, developed by 

Hobday et al (2011) undertaken in 2014, has been updated in this document. The ERAEF has two 

components a Productivity Susceptibility Analysis (PSA) of species and a Consequence Spatial Analysis 

(CSA) of habitat. The 2014 ESD risk assessment only undertook the PSA. The CSA methodology has 

been developed to address PI 2.4.1 of the Marine Stewardship Council (MSC) certification. The CSA is 

the ‘PSA Habitat’ component of the ERAEF. 

The 2014 PSA was updated (from a previous assessment of 195 species caught on a bycatch survey in 

2007) to assess an additional 18 species. These included 16 species identified on a 2013 bycatch 

survey (including 1 EPBC Act-listed species), and another 1 listed species and 1 cetacean species of 

conservation interest reported to have been involved in an interaction with the SGPF based on logbook 

data. Based on the PSA of the additional 17 species, 1 was assessed as high risk, 12 as moderate risk 

and 4 as low risk. 

The CSA used the spatial analysis of trawl footprint of the SGPF, combined with habitat and sediment 

maps were used to identify the main habitat that the fishery commonly encounters. The main habitat was 

identified as ‘Fine-Flat-Small encrusting’ habitat which is characterised as being a flat surface structure 

of fine sand/mud sediment, with biota predominantly comprising of mixed small/low-encrusting 

invertebrate communities. Based on scores of consequence and spatial attributes against predetermined 

criteria, this Fine-Flat-Small encrusting habitat was assessed as medium risk. 

The second component of the ESD risk assessment is the ‘National ESD Reporting Framework for 

Fisheries’ developed by Fletcher et al. (2002). The initial steps of this analysis involved identifying the 

issues relevant to the fishery and then prioritising these issues (Fletcher et al. 2005). The Fletcher model 

has traditionally included target and non-target species. However, the risk analysis of non-target species 

is undertaken through the PSA and the assessment of the target species in the fishery, Western King 

Prawn (Penaeous (Melicertus) latisulcatus), is undertaken annually in the stock status advice note 

prepared by SARDI. While the impact of the fishing gear on the ecosystem is now assessed by the CSA. 

Given the risk assessment of the fishing activity on the target species, bycatch and habitat is undertaken 

through other processes the Fletcher model has been used just to assess the risk of general ecosystem 

impacts and external impacts on the fishery through component trees. 
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National ESD Reporting Framework for Fisheries 

The ‘National ESD Reporting Framework for Fisheries’ developed by Fletcher et al. (2002) has been 

used to assess the risks for general ecosystem impacts and external impacts on industry. The ‘National 

ESD Reporting Framework for Fisheries’ is described in pages 22 to 26 of the ‘2014 ESD Risk 

Assessment of the Spencer Gulf Prawn Fishery’. 

The ‘2014 ESD Risk Assessment of the Spencer Gulf Prawn Fishery’ also developed component trees 

for Non-retained species, Community Wellbeing and Goverance. A non-retained species component tree 

was not developed for this document, as the PSA assesses the risk of non-retained species. A new 

component tree was not developed for Community wellbeing as Community Wellbeing issues were 

considered (by the Research Sub-committee) facets of the fishery that could not be controlled. While a 

component tree was not developed for Governance as governance around the management of the 

fishery is considered to be of an extremely high standard. 

Productivity Susceptibility Analysis (PSA) 

The 2016 risk assessment for the GSVPF utilized outcomes for the species components for the Spencer 

Gulf Prawn Fishery (SGPF) in the absence of specific by-catch survey information from the GSVPF. The 

risk outcomes for these components were informed from a PSA report of individual target, by-product, 

discard and TEP species recorded from a 2007 SGPF trawl by-catch survey (Currie et al. 2009). 

The PSA approach assumes the risk to an ecological component will depend on: 

1. the productivity of the species, which will determine the rate at which it can recover after potential 

depletion or damage by fishing activity; and  

2. the extent of the impact due to the fishing activity, which will be determined by the susceptibility 

of the species to the fishing operations of the fishery. 

An updated Productivity Susceptibility Analysis (PSA) of all species was undertaken by the SGWCPFA 

Research Sub Committee on 20 May 2019. Present at this meeting was James Brook (Conservation 

Council SA), Simon Clark (EO SGWCPFA), Chay Haldane, Ashley Lukin, Tony Lukin, Craig Noell 

(SARDI), Greg Palmer (Chair) and Steve Shanks (PIRSA). This updated PSA included: 

• Species identified on the 2013 bycatch survey (Burnell et al. 2015); 

• EPBC Act-listed and cetacean species that were not identified on the 2007 or 2013 bycatch 

survey but are reported to have been involved in an interaction with the SGPF within the last five 

years; 

• Revised PSA scores, where applicable, for 2007 bycatch survey species previously assessed as 

high or medium risk (Currie et al. 2009; PIRSA 2014b). 

For specific information on the PSA method applied, refer to pages 28 to 31 of the ‘2014 ESD risk 

assessment for the Spencer Gulf Prawn Fishery’ (PIRSA 2014). 

The 2014 PSA was updated (from a previous assessment of 195 species caught on a SGPF by-catch 

survey in 2007) to assess an additional 18 species including 16 species identified on a 2013 SGPF by-

catch survey (including 1 EPBC Act-listed species), and another 1 listed species and 1 cetacean species 

of conservation interest reported to have been involved in an interaction with the SGPF based on 

logbook data. PSA of the additional 17 species identified 1 species assessed as high risk, 12 species as 

moderate risk and 4 species as low risk. 
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Consequence Spatial Analysis (CSA) of habitat 

 

The MSC assessment and certification of a fishery includes a requirement that ‘the Unit of Assessment 
(UoA) (i.e. the fishery) does not cause serious and irreversible harm to habitat structure and function’ 
(referred to as the Habitats outcome indicator, PI 2.4.1, MSC 2018a). To enable assessment of PI 2.4.1 
the MSC subsequently developed the Consequence Spatial Analysis (CSA) methodology, based on the 
‘habitat PSA’ component of the ERAEF (Hobday et al. 2007, 2011; Williams et al. 2011). The CSA was 
structured around a set of attributes that describe fishing gear impacts (consequence) and the habitat 
(spatial) for each habitat being affected by the gear type(s) (Table 1).  

Table 1. Consequence and spatial attributes for the CSA. 

Consequence attributes Spatial attributes  

Habitat productivity 
1. Regeneration of biota 
2. Natural disturbance  

1 .  Gear footprint 
2 .  Spatial overlap 
3 .  Encounterability 

Gear-habitat interaction 
3. Removability of biota  
4. Removability of 

substratum 
5. Substratum hardness 
6. Substratum ruggedness 
7. Seabed slope 

 

The CSA methodology was applied to the SGPF as described in the MSC Fisheries Certification Process 
v2.1 (MSC 2018b). It comprises four main steps: 

1. Define the habitat; 
2. Score the consequence attributes; 
3. Score the spatial attributes; and 
4. Determine the CSA score and equivalent MSC score. 

Details of each step, including rationale for justification of the proposed scores, are provided in Appendix 
1. 

Research sub-committee consultation on ESD risk assessment 

A Spencer Gulf and West Coast Prawn Fishermen’s Association (SGWCPFA) Research Sub-committee 

meeting was held on 20 May 2019 to consult on the PSA, CSA and the component trees under the 

Fletcher model. 

Consultation on the PSA involved going through the PSA undertaken by SARDI (See Table 6) and 

determining if the scoring provided under the PSA model headings (i.e. Availability, Encounterability, 

Selectivity and Post-capture mortality) accurately reflected the status of each of the species. 

Based on this analysis the Research sub-committee developed a list of species they considered to be 

high risk (Table 2). Snapper and King George Whiting were ranked as high risk under the PSA analysis, 

they were excluded from further management arrangements as management of these stocks in Spencer 

Gulf are undertaken regularly through the Marine Scalefish Fishery. No performance report for these 

species was required. A non designated holothurian species was also considered not to require a 

performance reports as it was considered an anomaly as it did not reference a specific species.  
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Table 2: Species ranked as a high risk under the PSA analysis (species with blue font contributed to more 

than 2% of the by-catch composition). 

Scientific name Common name 

Repomucenus calcaratus Spotted Dragonet 

Thamnaconus degeni Bluefin Leatherjacket 

Lepidotrigla papilio Spiny Gurnard 

Pseudocaranx wrighti Skipjack Trevally 

Parequula melbournensis Silverbelly 

Foetorepus calauropomus Common Stinkfish 

Pseudorhombus jenynsii Smalltooth Flounder 

Scobinichthys granulatus Rough Leatherjacket 

Diodon nicthemerus Globefish 

Acanthaluteres vittiger Toothbrush Leatherjacket 

Sardinops sagax Australian Sardine 

Gonorynchus greyi Beaked Salmon 

Neoplatycephalus richardsoni Tiger Flathead 

Sepioteuthis australis Southern Calamari 

Neosebastes bougainvillii Gulf Gurnard Perch 

Upeneichthys vlamingii Bluespotted Goatfish 

Parapriacanthus elongatus Elongate Bullseye 

Sepia novaehollandae a cuttlefish (not designated) 

Cynoglossus broadhursti Southern Tongue Sole 

Sillaginodes punctata* King George Whiting 

Pagrus auratus* Snapper 

Holothuria (Thymiosycia)hartmeyeri* a holothurian (not designated) 

TEPS  

Tursiops truncatus Common Bottlenose Dolphin 

* These species were considered not to require a performance report due to existing management arrangements 

and, in the case of the holothurian species, the consideration of it being an anomaly.  

Following the development of the list of high risk species by the research sub-committee, additional 

species were also identified as species of interest, that were not classified as high risk but due to either 

the fact they make up more than 5% of the total catch, are a species from a commercial fishery or meet 

the criteria of a Threatened, Endangered or Protected species (TEPs), would require consideration of 

management arrangements. It was also viewed that these criteria for listing species as ‘species of 

interest’ were consistent with Sections SA 3.4.2.1 and SA 3.4.2.2 of the Marine Stewardship Council 

(MSC) Fisheries Standard 2.01. 

Table 3: Species of interest for consideration of management arrangements. 

Scientific name Common name Family name 

Filicampus tigris Tiger Pipefish Syngnathidae 

Histiogamphelus cristatus Rhino Pipefish Syngnathidae 

Leptoichthys fistularius Brushtail Pipefish Syngnathidae 

Phycodurus eques Leafy Seadragon Syngnathidae 

Phyllopteryx taeniolatus Common Seadragon Syngnathidae 

Stigmatopora argus Spotted Pipefish Syngnathidae 

Hyporhamphus melanochir Southern Garfish Hemiramphidae 

Ibacus peronii Eastern Balmain Bug Scyllaridae 

Portunus armatus Blue Swimmer Crab Portunidae 

The committee also considered the CSA report for habitats prepared by SARDI (see Table 7). No 

alterations to the CSA report for habitats provided by SARDI were made by the Research sub-

committee. 

The committee analysed the component trees for general ecosystems and external impacts on industry 

provided in the ‘2014 ESD Risk Assessment for the Spencer Gulf Prawn Fishery’. The subject matter 

and the scores for each subject matter in the component trees were reassessed and where appropriate 

modifications were made. Figures 1 and 2 in the results show the new component trees developed for 
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General ecosystem and External impact on Industry developed through the consultation undertaken on 

20 May 2019 through the Research sub-committee. 

Risk Ratings 

Several risk ratings have been updated from the ‘2014 ESD Risk Assessment for the Spencer Gulf Prawn 

Fishery’. Further, the component trees for Community Wellbeing and Governance have been removed as 

they are not required to meet the requirements for the Act and haven’t been used in making management 

decisions in the fishery. Additionally, the ‘economic’ component of the ‘External Impacts on the Fishery’ 

has been removed as the risks are not ecological in nature. 

 

For those ratings that were updated risk was calculated in accordance with Fletcher et al. 2002. 

 

From the consequence and likelihood scores, the overall risk value was calculated (i.e. risk = consequence 

x likelihood). The calculated risk values were then linked to one of the colour-coded risk categories, the 

relationship for which is illustrated by a risk matrix (Table 4). 

 

Table 4. Risk matrix of consequence and likelihood. The numbers in the cells indicate the risk value, and the 

colours indicate risk categories (see Appendix 2for more details) (source: Fletcher et al. 2002). 

 
 

Table 5. Relationship between risk value, risk category, management response and reporting requirements 

(source: Fletcher et al. 2002). 
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Results 
Table 6: Updated PSA undertaken by SARDI. Highlighted cells indicate revised scores (green = -1, red = +1). Revised scores that resulted in a different 

combined score and risk are indicated with arrows (red = increased risk, green = reduced risk). 
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Table 7: Additions in species classified as high risk or ‘species of interest’ from assessment reported in ‘2014 ESD risk assessment of the Spencer Gulf 
Prawn Fishery’ (pp 78-82) compared to updated assessment. (NOTE: no species classified as high risk in the ‘2014 ESD risk assessment of the Spencer 
Gulf Prawn Fishery’ dropped to a lower category in the updated PSA) 

 
Scientific name Common name Classification Change 

Sardinops sagax Australian Sardine Risk increased to High 

Leptoichthys fistularius Brushtail Pipefish Added to species of interest 

Phycodurus eques Leafy Seadragon Added to species of interest 

Phyllopteryx taeniolatus Common Seadragon Added to species of interest 

Stigmatopora argus Spotted Pipefish Added to species of interest 

Hyporhamphus melanochir Southern Garfish Added to species of interest 

Portunus armatus Blue Swimmer Crab Added to species of interest* 

Sillaginodes punctata King George Whiting Removed as separate management programs 

Pagrus auratus Snapper Removed as separate management programs 

*Blue Swimmer Crab was recognised as a species of interest in the ‘2014 ESD risk assessment of the Spencer Gulf Prawn Fishery’ but not included in the table of species of high risk or interest.  
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Table 8: CSA undertaken by SARDI. 
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Fig. 1: General ecosystem component tree for the Spencer Gulf Prawn Fishery. For explanation of colour-coded risk 
categories see page 28 of the ‘2014 ESD risk assessment of the Spencer Gulf Prawn Fishery’. 

• The only component changed from the ‘2014 ESD Risk Assessment of the Spencer Gulf Prawn 

Fishery’ was the score in the component tree for “Oil Spills”, which is changed from ‘moderate’ to 

‘low’. 

Consequence: 3, Likelihood: 1, Risk rating 3 (Low) 

- Consequence of an oil spill occurring were considered less severe, as prawn vessels generally 

carry low volumes of oil. 

- Likelihood of an oil spill was considered low given measures and procedures in place to prevent 

event and there has been no record of an oil spill from a prawn vessel. 
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Fig: 2. External impacts component tree for the Spencer Gulf Prawn Fishery.  

The following changes to the ‘external impacts on industry’ component tree were made from the 

component tree in the ‘2014 ESD Risk Assessment of the Spencer Gulf Prawn Fishery’. 

Under the subheading of access, the following issues were added: 

Cumulative closures 

Consequence: 3, Likelihood: 5, Risk Rating (Low) 

• Cumulative impact of closures on the fishery’s operations (economic and ecological). Closures 

include self-imposed closures, marine parks, aquaculture zoning, defense areas and fisheries 

closures for other species. 

• Due to the increasing number of closures there is a risk the cumulative effect reduces the fishing 

area available to operate in, which either reduces harvestable areas or displaces the fleet to 

currently low fished areas. 

• Identification of the cumulative impact identifies the financial and ecological risks to the fishery. 
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Interactions with other fisheries’ management strategies 

Consequence: 3, Likelihood: 6, Risk Rating (High) 

- As the prawn fishery overlaps with other fisheries, the management strategies and 

arrangements applied in other fisheries may impact on the prawn fishery. 

- Closures can have an impact on fishing operations. 

- It is likely spatial closures are used to manage other fisheries. 

- The consequence on the prawn fishery are both financial and subsequently the impacts of the 

fishery on the ecosystem.  

Under the subheading of anthropogenic following issues were added: 

Single point pollution 

No consequence or likelihood rating provided  

- A single pollution source could impact juvenile habitat and affect recruitment, either through 

direct acute toxic impacts or indirectly though habitat modification. 

Ocean acidification 

No consequence or likelihood rating provided  

- Can have an impact on juveniles or morphology of adults, impacting on their mortality. 

Heat wave events 

No consequence or likelihood rating provided  

- Fish die off events are increasing in frequency, extended periods of hot weather may have 

direct impacts on species or indirectly through algal blooms. 

- The impact of heat waves or resultant algae blooms on prawn species is unknown. 

Under the subheading of anthropogenic following issues were modified: 

Sewage 

Consequence: 2, Likelihood: 4, Risk Rating (Moderate) 

- In 2014 ESD Risk Assessment sewage was not rated.  

- Identified through EPA habitat assessment reports sewage is a cause of habitat decline in some 

areas  

- Concern was related to habitat quality for juvenile prawns in the littoral zone. 

Agricultural runoff 

Consequence: 2, Likelihood: 4, Risk Rating (Moderate) 

- In 2014 ESD Risk Assessment agricultural runoff was not rated. 

- Identified through EPA habitat assessment reports 

- Concern was related to habitat quality for juvenile prawns in the littoral zone. 

Stormwater 

Consequence: 2, Likelihood: 4, Risk Rating (Moderate) 

- Large single event may have a significant impact on ecosystem/ juvenile prawn recruitment. 

Illegal marine dumping 

Consequence: 2, Likelihood: 4, Risk Rating (Moderate) 

- Illegally dumped gear can impact directly on the safety of vessels, given the risk of hookups. 

- While consequence is minor likelihood is possible. 

- Risk categorization as moderate needs to be identified. 

- Reefs alter the ecosystems diversity in a given area. 
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Coastal development/ habitat impact 

Consequence 3, Likelihood 3, Risk Rating (Low) 

- Habitat modification may impact on recruitment to the fishery and ecosystem. 

Dredging 

Consequence: 3, Likelihood: 3, Risk Rating (Low) 

- Impact on habitat and species directly. 

Commercial shipping oil spill 

Consequence: 3, Likelihood: 1, Risk Rating (Low) 

- Impact of commercial shipping oil spill has occurred in the past, will lasting impact on 

recruitment to the fishery. 

- The likelihood is low due to no recorded spills and the consequence is high (3) reflective of the 

potential volume that could be lost from a boat having lower consequences than previously 

assessed. 

- Consequence changed from moderate to low 

Exotic Species 

Consequence 3, Likelihood 3, Risk Rating (Moderate) 

- Increased from low to moderate. 

- Exotic species can impact on the marine ecosystem and its ecosystem services, affecting the 

fishery. 

 

Performance reports  

PSA Analysis 

Where a target, by-product or by-catch species was classified in the review of the 2014 as a high risk 

species or a species of interest unique to the 2014 assessment, performance reports were developed to 

address this risk. All other target, by-product or by-catch species classified as a high risk species, or 

species of interest, the previous performance report (PIRSA 2014) is considered to still apply.  
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Table 9: Performance Report for new High risk and ‘species of interest’ species 

Species scientific name 
Common 

name 
Risk/ 

Importance 
rating 

Notes 

Sardinops sagax 
Australian 

Sardine 

High risk 

Stock assessment program for Australian Sardine – 
consistent with discussions around King George 
Whiting and Snapper, no additional management 
actions required.  

Leptoichthys fistularius 
Brushtail 
Pipefish 

Species of 
interest 

TEPS species – by-catch program in place for TEPS 
species, both through survey and commercial fishing – 
industry is proactive in voluntarily closing areas known 
or likely to include preferred habitat of sygnathids. 

Phycodurus eques 
Leafy 

Seadragon 

Species of 
interest 

Phyllopteryx taeniolatus 
Common 

Seadragon 

Species of 
interest 

Stigmatopora argus 
Spotted 
Pipefish 

Species of 
interest 

Hyporhamphus 
melanochir 

Southern 
Garfish 

Species of 
interest 

Tursiops truncatus 

Common 
Bottlenose 

Dolphin 

High 
Monitor interactions with TEPS through Wildlife 
Interaction Logbooks annually 
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Table 10: Performance Report for other High and Moderate Risks 

Component Risk/Issue Description 
Risk/ 

Importance 
rating 

Objective Strategies 

External 
Impacts on 
industry 

Interactions with other 
fisheries management 
strategies  

The risk of external 
factors impacting on the 
fishery  

High 

Sufficient biological and 
environmental information 
exists to inform 
management decisions  

Collect fishery-dependent information through 
commercial logbooks. 
Maintain the fishery-independent prawn survey 
program. 
Assess the status of the stock through the 
quantitative stock assessment. 
Collect appropriate environmental data to aid 
assessment.  

Anthropogenic, water 
quality, sewage 

Moderate 
Collect appropriate environmental data to aid 
assessment. 

Anthropogenic, water 
quality, Agricultural run-off 

Moderate 
Collect appropriate environmental data to aid 
assessment. 

Anthropogenic, water 
quality, storm water 

Moderate 
Collect appropriate environmental data to aid 
assessment. 

Illegal marine dumping Moderate 
Collect appropriate environmental data to aid 
assessment. 

Exotic species  Moderate 

Collect fishery-dependent information through 
commercial logbooks. 
Maintain the fishery-independent prawn survey 
program. 
Assess the status of the stock through the 
quantitative stock assessment. 
Collect appropriate environmental data to aid 
assessment.  
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Appendices 
APPENDIX 1: CONDUCTING THE CONSEQUENCE SPATIAL ANALYSIS (CSA) 
 

DEFINING THE HABITAT (STEP 1) 

The main habitat type(s) commonly encountered by the SGPF was determined by examining the spatial 
overlap between: (1) broad-scale marine benthic habitats (Suppl. Fig. S1 in Jones et al. 2018); (2) 
sedimentary facies (Fig. 8 in O’Connell et al. 2016) in Spencer Gulf; and (3) each trawl intensity category 
within the fishery’s trawl footprint (based on effort from 2001/02–2018/19 using the density-derived method 
described in Noell 2017) (Fig. A1). Areas of low (0.5–1 h km-2 yr-1) and medium (1–10 h km-2 yr-1) trawl 
intensity predominantly comprises subtidal soft habitat (87% and 76%, respectively), which mostly consists 
of mixed skeletal sand (69% and 64%) (Table A1). The area of high trawl intensity (>10 h km-2 yr-1) 
comprises subtidal soft (60%) and seagrass habitat (32%), each of which consist mostly of rhodolith 
1gravelly sand (74% and 93%, respectively) (Table A1). When compared to the trawl footprint total area, 
most of the area is occupied by subtidal soft habitat (77%), the proportion of seagrass diminishes (to 16%), 
and the sedimentary facies consists of either mixed skeletal sand (49%) or rhodolith gravelly sand (26%) 
(Table A1). 

Although the overlap between the benthic habitat map and the trawl footprint has been quantified, the 
values are not absolute. The benthic habitat map represents the collation of available spatial data from 
several sources; however, these data varied in resolution and collection method, which can introduce 
uncertainty into the resulting map (Jones et al. 2018). Nevertheless, the overlap of the benthic habitat map 
and the trawl footprint is considered appropriate for broadly identifying the main habitat trawled by the 
SGPF and conducting the CSA.  

Based on the predominant habitat and sedimentary characteristics, and when matched to nomenclature 
used by the MSC to define habitat in terms of substratum, geomorphology and characteristic biota, one 
main habitat type was identified. The SGPF operates in the benthic zone with substrate consisting of fine 
sandy or muddy sediment (Table A2). The geomorphology of this environment is generally flat, with simple 
surface structure and mixed small/low-encrusting invertebrate communities (Table A2). The main habitat 
type commonly encountered by the SGPF can therefore be abbreviated as ‘Fine-Flat-Small encrusting’. 

 
1 Rhodolith beds are made up of both living and dead unattached nodules of crustose coralline algae, which are 
sometimes called ‘popcorn’ by fishers. Rhodolith beds have important ecological roles as they often host a high 
biodiversity of organisms through attachment or providing spaces to live in (Baker 2015). 
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Fig. A1. Average trawl intensity of the SGPF from 2001/02–2018/19, and benthic habitat (Jones et al. 2018) and 
sedimentary facies (O’Connell et al. 2016) of Spencer Gulf. 
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Table A1. Area of overlap (km2) between benthic habitat and sedimentary facies for each trawl intensity category of the SGPF. Shaded bars indicate the predominance 
of habitat-sediment combination by trawl intensity category (colour) and total trawl footprint (i.e. sum of low, moderate and high intensity) (black). 
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Table A2. Habitat nomenclature (Table PF9, MSC 2018b). Shaded text indicate characteristics of the main habitat 
type within the trawl footprint of the SGPF. 

Substratum  Geomorphology  Biota  

Fine (mud, sand)  

• Mud (0.1 mm)  

• Fine sediments(0.1–1 mm)  

• Coarse sediments (1–4 mm)  

Flat  

• Simple surface structure  

• Unrippled/flat 

• Current rippled/directed 
scour  

• Wave rippled  

Large erect 
Dominated by:  

• Large and/or erect sponges  

• Solitary large sponges  

• Solitary sedentary/sessile 
epifauna (e.g. ascidians/ 
bryozoans)  

• Crinoids  

• Corals 

• Mixed large or erect 
communities  

Medium  

• Gravel/pebble (4-60 mm)  

Low relief  

• Irregular topography with 
mounds and depressions  

• Rough surface structure  

• Debris flow/rubble banks  

Small erect/encrusting/burrowing 
Dominated by:  

• Small, low-encrusting 
sponges  

• Small, low-standing sponges  

• Consolidated (e.g. mussels) 
and unconsolidated bivalve 
beds (e.g. scallops)  

• Mixed small/low-encrusting 
invertebrate communities  

• Infaunal bioturbators  

Large  

• Cobble/boulders (60 mm–3 
m)  

• Igneous, metamorphic, or 
sedimentary bedrock (>3 m)  

Outcrop  

• Subcrop (rock protrusions 
from surrounding sediment 
<1 m)  

• Low-relief outcrop (<1 m)  

No fauna or flora  

• No apparent epifauna, 
infauna, or flora  

Solid reef of biogenic origin  

• Biogenic (substratum of 
biogenic calcium carbonate)  

• Depositions of skeletal 
material forming coral reef 
base  

High relief  

• High outcrop (protrusion of 
consolidated substrate >1 
m)  

• Rugged surface structure  

Flora 
Dominated by:  

• Seagrass species  

 

Classifying the biome, sub-biome and their features 

The biomes, sub-biomes, features and their associated depths emphasis the differences that exist in the 
fauna and life-history characteristics between depth zones and provide a way to estimate the spatial extent 
of the habitat(s) (MSC 2018c). The spatial overlap between the trawl footprint and bathymetry of the gulf 
indicate that half of the footprint is within the coastal margin (in depths 10–25 m), while the other half is on 
the inner shelf (in depths 25–60 m) (Table A3). The features of these sub-biomes are of the sediment 
plains type (Table A3). 

Table A3. List of biomes, sub-biomes and features (Table PF10, MSC 2018b). Shaded text indicate characteristics 
relevant to the trawl footprint of the SGPF. 

Biome  Sub-biome  Feature  

Coast  (0-25 m) 
Shelf (25-200 m) 
Slope (200-2,000 m) 
Abyss (>2,000 m)  

Coastal margin (<25 m) 
Inner shelf (25-100 m) 
Outer shelf (100-200 m) 
Upper slope (200-700 m) 
Mid-slope (700-1,500 m)  

Seamounts 
Canyons 
Abyss 
Shelf break (~150–300 m) 
Sediment plains 
Sediment terraces 
Escarpments 
Plains of scattered reef 
Large rocky banks  
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SCORING THE CONSEQUENCE ATTRIBUTES (STEP 2) 

The seven consequence attributes are divided into two groups: habitat-productivity attributes (2) and 

gear-habitat interaction attributes (5) (Table A4). The overall consequence score is the weighted 

arithmetic mean of all seven attributes, with individual scores for the habitat-productivity attributes 

multiplied by 2 to reflect their increased importance. 

Table A4. Consequence and spatial attributes for the CSA. 
Consequence attributes Spatial attributes  

Habitat productivity 
1. Regeneration of biota 
2. Natural disturbance  

1 .  Gear footprint 
2 .  Spatial overlap 
3 .  Encounterability 

Gear-habitat interaction 
3. Removability of biota  
4. Removability of substratum 
5. Substratum hardness 
6. Substratum ruggedness 
7. Seabed slope 

 

Habitat productivity  
 
Regeneration of biota  
Biotas have different intrinsic rates of growth, reproduction and regeneration, which are also 
variable in different conditions of temperature, nutrients and productivity. Because habitat depth has 
an influence on these conditions, it is considered an appropriate proxy for regeneration of biota 
(MSC 2018c). Further, the type of biota is relevant due to different growth rates. In the absence of 
specific data on biota regeneration, as is the case for the SGPF, the predominance of small 
encrusting biota throughout the trawl footprint indicates that a score of 1 should be assigned to this 
attribute (Table A5).  
 
Table A5. Scoring regeneration of biota based on age, growth and recolonization of biota (Table PF12, MSC 
2018b). 

Sub-biome  Using available data  Using surrogate when data are not 
available  

Annual  Less than 
decadal  

More than 
decadal  

No 
epifauna  

Small 
erect/ 
encrusting  

Large erect 
(sponges)  

Large erect 
(ascidians 
and 
bryozoans)  

Seagrass 
communitie
s/ mixed 
faunal 
communitie
s/ hard 
corals  

Crinoids/ 
solitary/mix
ed 
communitie
s/ hard and 
soft corals  

Coastal 
margin 
(<25 m)  

1  2  3  1  1  1  1  2  1  

Inner 
shelf (25-
100 m)  

1  2  3  1  1  2  2  2  2  

Outer 
shelf 
(100-200 
m)  

1  2  3  1  1  3  2  3  3  

Upper 
slope 
(200- 700 
m)  

1  2  3  1  1  3  3  3  3  

Mid-slope 
(700-
1,500 m)  

1  2  3  1  2  3  3  3  3  

increase towards the head of the gulf (Nunes and Lennon 1986). Inverse estuaries are characterised by 
an outflow of dense, saline water in bottom layers and an inflow of oceanic water in surface layers. In 
Spencer Gulf, this density-driven circulation is influenced by the earth’s rotation, such that the dense 
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saline outflows occur along the eastern side, whereas surface inflows occur along the western side 
(Kämpf et al. 2009).  
Although the maximum depth of Spencer Gulf is 87 m (at its entrance in the south), the entire trawl 
footprint occurs in depths 10–60 m. Therefore, a score of 1 is assigned to this attribute (Table A6).  
 
Table A6. Scoring natural disturbance (Table PF13, MSC 2018b). 

 
Attribute  Score  
1  2  3  
Natural 
disturbance  

Regular or severe 
natural 
disturbance  

Irregular or 
moderate natural 
disturbance  

No natural 
disturbance  

Natural 
disturbance (in 
absence of 
information)  

Coastal margin 
and shallow inner 
shelf (<60 m)  

Deep inner shelf 
and outer shelf 
(60-200 m)  

Slope (>200 m)  

 
Gear-habitat interaction  
 
Removability of biota  
Removability of biota is influenced by the size, height, robustness, flexibility and structural complexity of 
the biota. Large, erect, inflexible or delicate biota are more susceptible to physical damage than small, 
low, flexible, robust or deep-burrowing biota (MSC 2018c). Given that the biota associated with the trawl 
footprint predominantly consists of mixed small/low-encrusting invertebrate communities, and that 
demersal trawl is exclusively used by the SGPF, a score of 1 is assigned to this attribute (Table A7).  
 
Removability of substratum  

This attribute relates to how susceptible the substratum is to removal by the fishing gear. For example, 

substrata that comprise large bedrock and boulders are highly resistant to impact. Although soft 

sediment is less resistant to impact, it is generally more resilient because it accumulates relatively rapidly 

and is altered by burrowing fauna (MSC 2018c). Nevertheless, given the high likelihood of removability, 

it is considered high risk. Since the substratum of the Fine-Flat-Small encrusting habitat encountered by 

the SGPF predominantly comprises fine sandy or muddy sediment, and that this substratum is exposed 

to demersal trawling throughout the trawl footprint, a score of 3 is assigned to this attribute (Table A7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A7. Scoring the removability of biota and substratum attributes (Table PF14, MSC 2018b). 
Gear type  Removability of biota  Removability of substratum  
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Low, robust, 
small (<5 cm), 
smooth, or 
flexible biota  
OR robust, 
deep- 
burrowing biota  

Erect, medium 
(<30 cm), 
moderately 
rugose, or 
inflexible biota  
OR moderately 
robust, 
shallow- 
burrowing biota  

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

Immovable 
(bedrock and 
boulders >3 m)  

<6 cm 
(transferable)  

6 cm–3 m 

(removable)  

Hand 
collection  

1  1  1  1  1  2  

Demersal 
longline  

1  1  2  1  1  1  

Handline  1  1  2  1  1  1  
Trap  1  2  2  1  1  1  
Bottom gill 
net or other 
entangling 
net  

1  2  3  1  1  1  

Danish 
seine  

1  2  3  1  2  3  

Demersal 
trawl 
(including 
pair, otter 
twin-rig, and 
otter multi-
rig)  

1  3  3  1  3  3  

Dredge  3  3  3  1  3  3  

 
Substratum hardness  
Substratum hardness considers whether the seabed is likely to degrade when it is interacted by the 
fishing gear (MSC 2018c). Unlike hard rocky substratum, which is intrinsically more resistant to impact, 
the fine sandy and muddy sediment throughout the trawl footprint of the SGPF is less resistant to impact. 
Therefore, a score of 3 is assigned to this attribute (Table A8).  
 
Substratum ruggedness  

Substratum ruggedness is based on the concept that accessibility of the fishing gear to the habitat is 

related to the ruggedness of the substratum (MSC 2018c). The geomorphology of the seabed 

throughout the trawl footprint of the SGPF is considered to primarily flat with simple surface structure, 

making it highly accessible. Therefore, a score of 3 is assigned to this attribute (Table A8). 

 

 

 

 

 

 

 

 

 

 

 

 

Table A8. Scoring the substratum hardness and ruggedness attributes (Table PF15, MSC 2018b). 
Gear type  Substratum hardness  Substratum ruggedness  
Hard (igneous, 
sedimentary, or 
heavily 
consolidated 
rock types)  

Soft (lightly 
consolidated, 
weathered, or 
biogenic)  

Sediments 
(unconsoli- 
dated)  

High relief (>1 
m), high 
outcrop, or 
rugged surface 
structure 
(cracks, 
crevices, 

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

Flat, simple 
surface 
structure 
(mounds, 
undulations, 
ripples), current 
rippled, wave 
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overhangs, 
large boulders, 
rock walls)  

subcrop, or low 
outcrop  

rippled, or 
irregular  

Hand 
collection  

1  2  3  3  3  1  

Demersal 
longline  

1  2  3  2  3  3  

Handline  1  2  3  2  3  3  
Trap  1  2  3  2  3  3  
Bottom gill 
net or other 
entangling 
net  

1  2  3  2  3  3  

Danish seine  1  2  3  1  1  3  
Demersal 
trawl 
(including, 
pair, otter 
twin-rig, and 
otter multi-
rig)  

1  2  3  1  3  3  

Dredge  1  2  3  1  1  3  

 
Seabed slope  
The seabed slope attribute considers that the impact of the fishing gear on the habitat concerning 
mobilisation of the substratum is influenced by slope (MSC 2018c). The seabed of the coastal margin 
and inner shelf waters in which the SGPF operates (depths of 10–60 m) is largely characterised as flat, 
low-degree (<1) plains with simple, homogeneous surface structure. Due to these characteristics of the 
seabed slope, a score of 1 is assigned to this attribute (Table A9).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A9. Scoring the seabed slope attributes (Table PF15, MSC 2018b). 

Gear type  Seabed slope  
Low degree (<1):  
Plains in coastal margin, inner 
or outer shelf or mid-slope OR  
terraces in mid-slope OR  
rocky banks/fringing reefs in 
coastal margin, inner or outer 
shelf, or upper or mid-slope  

Medium degree (1- 10):  
Terraces in outer shelf or upper 
slope  

High degree (>10):  
Canyons in outer shelf, or upper 
or mid-slope  
OR seamounts/bioherms in 
coastal margin, inner shelf, or 
upper or mid- slope  

Hand collection  1  2  3  
Demersal longline  1  2  3  
Handline  1  2  3  
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Trap  1  2  3  
Bottom gill net or other 
entangling net  

1  2  3  

Danish seine  1  2  3  
Demersal trawl 
(including, pair, otter 
twin-rig, and otter 
multi-rig)  

1  2  3  

Dredge  1  2  3  

 
SCORING THE SPATIAL ATTRIBUTES (STEP 3)  
 
The spatial score is the geometric mean of the three spatial attributes (Table A4).  
 
Fishing gear footprint  
Interpretation of fishing gear footprint, as one of the three spatial attributes for the CSA, differs to that for 
trawl footprint. The trawl footprint of the SGPF is a cumulative estimate of total area impacted by trawling 
over a specified timeframe, whereas the fishing gear footprint reflects the relative impact of the gear on 
the habitat it encounters, and is considered in terms of gear size, weight and mobility (MSC 2018c). 
According to the MSC Standard (2018a), only a single encounter is needed using a demersal trawl to 
cause an impact. Therefore, a score of 3 is assigned to this attribute (Table A10).  

 
Table A10. Scoring the gear footprint attributes (Table PF16, MSC 2018b). 

Gear type  Gear footprint score  

Hand collection  1  
Handline  1  
Trap  1  
Demersal longline  2  
Bottom gill net or other entangling 
net  

2  

Danish seine  2  
Demersal trawl (including pair, otter 
twin-rig, and otter multi-rig)  

3  

Dredge  3  

 
Spatial overlap  
Spatial overlap is defined as the overlap between a habitat’s range and the UoA’s fishing area within the 
‘managed area’ (MSC 2018c). In this case, the Fine-Flat-Small encrusting habitat (≈ subtidal soft habitat) 
occupies 77% of the SGPF’s trawl footprint. Therefore, a score of 3 is assigned to this attribute (Table 
A11).  
 
Encounterability  

Encounterability is a measure of the likelihood of the fishing gear encountering the main habitat. In the 

absence of a specific measure, encounterability was estimated as the mean spatial overlap within the 

trawl footprint, weighted by the proportion of effort across the trawl intensity categories. Accordingly, 

spatial overlaps between Fine-Flat-Small encrusting habitat and high, moderate and low intensity areas 

of 60%, 76% and 87%, respectively (Table 1), were weighted by factors of 0.49, 0.48 and 0.03 to yield 

an overall encounterability of 69%. Based on this proxy measure of encounterability, a score of 2.5 is 

assigned to this attribute (Table A11). 

 

Table A11. Scoring spatial attributes (Table PF17, MSC 2018b). 
Spatial attribute  Score  
0.5  1  1.5  2  2.5  3  
Spatial 
overlap  

UoA 
overlap with 
a habitat is  
≤15%  

UoA 
overlap with 
a habitat is  
≤30%  

UoA 
overlap with 
a habitat is  
≤45%  

UoA 
overlap with 
a habitat is  
≤60%  

UoA 
overlap with 
a habitat is  
≤75%  

UoA 
overlap with 
a habitat is  
>75%  

Encountera
bility  

Likelihood 
of 

Likelihood 
of 

Likelihood 
of 

Likelihood 
of 

Likelihood 
of 

Likelihood 
of 
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encounter- 
ability is  
≤15%  

encounter- 
ability is  
≤30%  

encounter- 
ability is  
≤45%  

encounter- 
ability is  
≤60%  

encounter- 
ability is  
≤75%  

encounter- 
ability is  
>75%  

 
DETERMINING THE CSA AND MSC SCORES (STEP 4)  

Using the MSC RBF Worksheets, aggregated consequence and spatial scores were combined into a 

CSA score, which was then converted into an equivalent MSC score. As a result, an MSC score of 62 

was obtained for Fine-Flat-Small encrusting habitat. This falls within the Medium risk category and 

scoring guidepost of 60–79 (Table 6). 

 

APPENDIX 2: CONSEQUENCE AND LIKELIHOOD TABLES 

Consequence 

Likelihood 

 

 

 

 

 


