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Purpose of this paper 
This paper updates the SPRFMO Scientific Committee on an ecological risk assessment for deepwater 

chondrichthyans (sharks, rays and chimaeras) in the SPRFMO Convention Area. Productivity-Susceptibility 

Analysis (PSA) and Sustainability Assessment for Fishing Effects (SAFE) methods were used to assess potential 

vulnerability of deepwater chondrichthyan species to fishing using demersal trawl, midwater trawl and 

demersal longline gears. This work forms part of a requirement for SPRFMO to consider the impacts of fishing 

on non-target and bycatch species. Additional detail on the background and methods can be found in SC05-

DW10; Zhou et al. 2007, 2011, 2016; and Hobday et al. 2011.  

This paper details: 

• recommendations for the SC’s consideration 

• PSA and SAFE methods used, including modifications made to the input data 

• results arising from the PSA and SAFE assessments 

• methodological and data limitations in the assessment. 

Recommendations 
It is recommended that the SC: 

• Note that there a number of species assessed to be at high or extreme vulnerability to fishing using 

demersal trawl, midwater trawl and demersal longline gears.  

• Note that the results are precautionary as they may include false positives (species assessed to be at 

a higher vulnerability than reality) due to assuming that the degree of interaction with the fishing 

gear is higher than what actually occurs. They also include a number of categorisations that are driven 

by a lack of data. Where data is missing the methods apply a value that results in higher vulnerability 

• Note the results may also include some false negatives (species assessed to be low vulnerability that 

are actually higher in reality) due to a lack of reporting species interactions with fishing gears or poor 

species identification. 

• Note that there was reasonable alignment between the PSA and SAFE results at the upper end of the 

vulnerability spectrum. 

• Differentiation in vulnerability scores appears to be more sensitive to the susceptibility attribute 

assumptions than the productivity attribute assumptions, potentially meaning that mitigation 

strategies could be used to reduce vulnerability. 

• Note that results varied substantially from the results presented in SC5-DW10 due to the inclusion 

of fishing effort and species distribution data. Previous results were based on an estimate of high, 

medium or low overlap of species distribution with the entire SPRFMO area and resulted in a very 

high level of false positives. 

• Note that the SAFE method results in far more species in the low vulnerability category than the PSA 

assessment (i.e. the PSA gives a lot more false positives), which is an expected limitation of the PSA. 

• Note that the assessment has highlighted information gaps on the identification, productivity, 

distribution, stock structuring and other life history attributes for many species 

• Note that the PSA and SAFE assessments could be used as a tool for prioritising species that may 

require additional attention. Higher vulnerability species could be prioritised for immediate actions, 

but better information is needed for all species. 

• Note that the assessment has highlighted that additional work on post capture mortality and gear 

selectivity of deepwater chondrichthyans would aid future analyses and inform potential future 

mitigation strategies that would minimise risk associated with susceptibility.  

• Recommend to the SPRFMO Commission that identification protocols and biological data collection 

for deepwater chondrichthyans is strengthened for SPRFMO demersal fisheries. 

https://www.sprfmo.int/assets/SC5-2017/SC5-DW10-Preliminary-ERA-for-the-effects-of-bottom-fishing-on-deepwater-sharks-in-the-South-Pacific.pdf
https://www.sprfmo.int/assets/SC5-2017/SC5-DW10-Preliminary-ERA-for-the-effects-of-bottom-fishing-on-deepwater-sharks-in-the-South-Pacific.pdf
http://www.iotc.org/sites/default/files/documents/2013/06/IOTC-2013-WPNT03-INF03%20-%20Zhou%20et%20al%202008.pdf
http://scholar.google.com.au/scholar_url?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0165783610002481&hl=en&sa=T&ct=res&cd=0&ei=tuWAWozjMZaujwTfsrmQCw&scisig=AAGBfm0j_BKlmPvAnEg-1WPhWkTA-OM8tg&nossl=1&ws=1714x853
http://scholar.google.com.au/scholar_url?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0165783616302272&hl=en&sa=T&ct=res&cd=1&ei=i-WAWuanE66cjgTa9YHgDQ&scisig=AAGBfm0wOrNlIwa2X4zRs44tvBwglrD_eQ&nossl=1&ws=1714x853
https://www.researchgate.net/profile/Scott_Ling/publication/240305434_Ecological_risk_assessment_for_the_effects_of_fishing/links/5a30a1b30f7e9b0d50f8e803/Ecological-risk-assessment-for-the-effects-of-fishing.pdf?origin=publication_detail&ev=pub_int_prw_xdl&msrp=xiCVUq7OxO5z891SrDo3jA2ixgq5xWT7K46_7F8S6vBYwczMXCfw-oQjckctPCTYgf_qJz9OGFYVLRAAlLBK7tz_EGvpMZaJrmr7P1H7GjdIG3AwdpaS9sbn.B--o4LItZahPCuWhHikAHhtV3shSmwHClQ4orcUNYY6aaWjlXFYUa5YkqAgEdKNsiXNxUBw9gWZ1jGHTQxkGZsZmORSNNZ0lvqditA.Mn0wr8hcgQh0Ob0LzJux_KdtLXmhz2gcagQGkHlV1cjqX48jHA1H9kdl9xeFiCgXSEMAzU3me0cppIp6P4-gTqNhuXRbFl_kK_-KDA.WZzdyWuQB5nyTHHmljTUfHcSMlU1cYGi0JRj3eDCNs-Vva-LPxIa2EyCWMZyjFibhq0_hmqHz3Ps1ZVsbFvCQEMQAAtn4bcoORqYIA
https://www.sprfmo.int/assets/SC5-2017/SC5-DW10-Preliminary-ERA-for-the-effects-of-bottom-fishing-on-deepwater-sharks-in-the-South-Pacific.pdf
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Introduction 

Deepwater chondrichthyans, defined in this assessment as those that complete most of their life cycle below 

200 m depth. We applied Productivity-Susceptibility Analysis (PSA) and Sustainability Assessment for Fishing 

Effects (SAFE) methods to assess potential vulnerability of deepwater chondrichthyans to demersal trawl, 

midwater trawl and demersal longline gears in the SPRFMO area. One-hundred and twelve species 

potentially interact with these gears and were included in the assessment. The list of species included in the 

analyses was informed by expert input and literature review but may possibly be incomplete. This 

incompleteness is compounded by the rareness of interactions with deepwater chondrichthyans for typical 

trawl and longline operations in SPRFMO due to fishing strategies that specifically target other species. This 

analysis includes species whose distributions are known to overlap with SPRFMO gears but very few or zero 

records of interaction have been reported. Consequently, results can be considered precautionary as they 

may include many false-positives (i.e. species could be assessed to be ‘at risk of exposure to fishing gears’ 

but in reality may not interact with the gears).  

All species have undergone additional sensitivity analysis to explore the assumptions around the level of 

spatial overlap between species distribution and fishing effort. The sensitivity analyses provide information 

on the robustness of the results to uncertainties in the coarse (20 minute) geographic resolution of the input 

data and the quantity of change in attributes that would be required to alter the vulnerability grouping. Any 

large change in vulnerability observed in this sensitivity analysis could be used as an indicator that refining 

the spatial resolution of the study may be warranted. 

The analyses undertaken have highlighted information gaps for deepwater chondrichthyans, particularly in 

terms of their identification, distribution and stock structuring. The ERA results should aid the SC in 

prioritising where more information may be required to inform actions to manage deepwater 

chondrichthyans in the SPRFMO area. Advice that the SC could generate for the Commission may include: 

1. improving data collection (including species identification) or undertake further assessment to more 

accurately estimate fishing effects; 

2. encouraging research into possible mitigation strategies, for example work on gear selectivity and 

handling that could improve post-capture mortality 

3. implementation of management action(s) such as avoidance measures or catch/effort limits 

4. a combination. 

Methods used and modifications made to input data 

Productivity-Susceptibility Analysis 

PSA (Milton 2001; Stobutzki et al. 2002; Hobday et al. 2011) is based on scoring productivity and susceptibility 

attributes to derive estimates of relative vulnerability of each species to fishing gear. The productivity 

attributes (Table 1) are assumed to influence the intrinsic rate of increase (r) and the susceptibility attributes 

(Table 2) are assumed to influence the catch/removal component, in particular catchability, q (Hobday et al. 

2011). The productivity (P) score is defined as the average of the seven attributes. Susceptibility (S) is 

estimated as the product of four attributes (Table 2)—availability, encounterability, gear-specific selectivity 

and post-capture mortality (following Walker 2005). The susceptibility score is multiplicative as a low 

vulnerability for one attribute will act to reduce overall vulnerability, and vice versa. Attributes used in the 

PSA are scored a 1 (low vulnerability), 2 (medium vulnerability) or 3 (high vulnerability). In line with a 

precautionary approach, missing attributes are scored a 3. Vulnerability is interpreted as the 2-dimensional 

Euclidean distance from the origin (Hobday et al. 2011).  
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Table 1. Productivity attributes and vulnerability categorisations  

Attribute Low productivity (high 
vulnerability, score 3) 

Medium productivity 
(medium vulnerability, 
score  2) 

High productivity (low 
vulnerability, score  1) 

P1. Average age at maturity >15 years 5–15 years <5 years 

P2. Average maximum age >25 years 10–25 years <10 years 

P3. Fecundity 

(rescaled for deepwater 
chondrichthyans) 

<10 pups/egg cases per 
year 

10-20 pups/egg cases 
per year 

>20 pups/egg cases per 
year 

P4. Average maximum size 

(rescaled for deepwater 
chondrichthyans) 

>200 cm 70–200 cm <70 cm 

P5. Average size at maturity 

(rescaled for deepwater 
chondrichthyans) 

>150 cm 40–150 cm <40 cm 

P6. Reproductive strategy Live bearer Egg case layer Broadcast spawner 
(teleosts)* 

P7. Trophic level >3.25 2.75–3.25 <2.75 

Adapted from Hobday et al. 2011. * Not used in this assessment. 

The initial step was to compile life-history attribute (productivity) data for the species included in the analysis. 

Missing attributes were scored a 3. For numerous species, productivity data was not available and life-history 

attribute data was used from congeneric species most similar in terms of size and depth range distribution. 

Modifications were made to the P3: Fecundity, P4: Average maximum size and P5: Average size at maturity 

attributes as derived from Hobday et al. (2011). Fecundity metrics and vulnerability cutoffs were redefined 

to be relevant to deepwater chondrichthyans. The original Hobday et al. (2011) attribute values for P4: 

Average maximum size and P5: Average size at maturity described a strong negative relationship between 

size and productivity, which was based on frequency of sizes across >2000 Australian species, including 

teleosts and chondrichthyans. In contrast, small and large deepwater chondrichthyans can exhibit similar 

productivity. An analysis of the size-productivity relationship using data from the global database for 

deepwater chondrichthyans held by James Cook University estimated the relationship to be weaker than that 

previously used and the values for these attributes were rescaled according to the range in maximum size 

and size at maturity for deepwater chondrichthyans. 
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Table 2. Susceptibility attributes and vulnerability categorisations 

Attribute Low susceptibility (low 
vulnerability, score = 1) 

Medium susceptibility 
(medium vulnerability, 
score = 2) 

High susceptibility (high 
vulnerability, score = 3) 

S1. Availability <10% horizontal overlap 10-30% horizontal overlap >30% horizontal overlap 

S2. Encounterability  

(modified using gear depth 
data) 

Low vertical overlap with 
fishing gear (<10%) based 
on middle 90% of the 
fishing depth range by 
gear type 

Medium vertical overlap 
with fishing gear (10-30%) 
based on middle 90% of 
the fishing depth range by 
gear type 

High vertical overlap with 
fishing gear (>30%) based 
on middle 90% of the 
fishing depth range by 
gear type 

S3. Selectivity (scores vary 
by gear type)  

Demersal and midwater 
trawl: 0-15 cm; > 500 cm 
max. length  

Line: 0-40 cm; >500 cm 
max. length 

Demersal and midwater 
trawl: 15-30 cm; 400-500 
cm max. length 

Line: 40-80 cm; 200-500 
cm max. length 

Demersal and midwater 
trawl: 30-400 cm max. 
length 

Line: 80-200 cm max. 
length 

S4. Post-capture mortality 
(scores may vary by fishery 
and gear type) 

Evidence of post capture 
release and survival* 

Bycatch or discarded 
species (limited evidence 
of survival) 

Target or byproduct 
species (retained) 

Adapted from Hobday et al. 2011. * Not used in this assessment.  

S1: Availability was calculated as the proportion of overlap of species distribution within the SPRFMO area 

and the spatial footprint of fishing effort for each gear at 20 minute resolution. Fishing effort data from 

Australia and New Zealand bottom fisheries from 2012 to 2016 were used.  

S2: Encounterability was based on the vertical overlap between fishing effort and species depth ranges. The 

middle 90 percent of fishing depth records for each gear was defined as the ‘core depth range’. Using this 

method, outliers, zeros and data deemed to be implausible were discarded.  

Table 3. Depth of gears used for the PSA and SAFE assessments (see description above for method) 

S2: Depth of gears Depth min (m) Depth max (m) 

Demersal trawl 520 1069 

Midwater trawl 327 548 

Demersal longline 230 654 

 

The S1 and S2 attributes are given a score of 1 for <10% overlap and a score of 3 for >30% overlap. Between 

10-30% overlap, the score is proportional to the level of overlap. This allows for better differentiation of 

vulnerability based on vertical and horizontal availability. 

S3: Selectivity categorisations were informed by expert input (trawl) and an analysis of available literature 

(longline).  

S4: Post capture mortality (PCM) scores were based on those defined in Hobday et al. (2011) and a desktop 

analysis of the role of each species in each ‘fishery’ Target and byproduct species, which are assumed to be 

retained, were scored a 3 (high vulnerability) and bycatch and discard species were scored a 2 (medium 

vulnerability). 
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Sustainability Assessment for Fishing Effects 

The SAFE method (Zhou et al. 2007, 2011, 2016; Zhou and Griffiths 2008) as applied in ecological risk 

assessment provides an absolute measure of risk by determining the fishing mortality rate u (expressed as 

the estimated fraction of the population that has died as a result of fishing), as well as quantitative reference 

points associated with it. The method uses three parameters: spatial overlap, catchability and post capture 

mortality as described by Zhou et al. (2011) to determine the fishing mortality 𝐹𝐶𝑈𝑅𝑅  as: 

𝐹𝐶𝑈𝑅𝑅 =
∑ 𝑎𝑡

𝐴
𝑞ℎ𝑞(1 − 𝑠)(1 − 𝐸) 

where at and A represent the area fished and a species’ distribution area (i.e. spatial overlap), respectively, 

qh and q are the habitat-dependent encounterability and size- and behaviour-dependent catch rate 

(‘catchability’), E is the escapement rate (i.e. the amount of the population that does not get caught by 

fishing) and s is the post-capture survival rate. Methods for estimating spatial overlap vary depending on the 

fishery characteristics, including the configuration of gears. Similarly, qh, q, E and s vary depending on the 

biology of the species. Zhou et al. (2011) describe the different methods used for estimating the susceptibility 

parameters for trawl, longline and gillnet fisheries, with these methods underlying the model used for the 

SPRFMO assessments. Variance on the susceptibility/fishing mortality (y) axis is calculated based on the 

annual variability of fishing effort, such that ‘fisheries’ for species with relatively stable effort will exhibit less 

variability on this axis and vice versa. 

The SAFE method relates life history traits that inform natural mortality (M), growth rate and intrinsic rate of 
increase (r) to biological reference points using six formulae derived from Pauly (1980), Quinn and Deriso 
(1999), Hoenig (1983), Jensen (1996) and fishbase.org (see Zhou et al. 2011 for additional detail). The model 
uses the average of the six methods for defining the midpoint on the productivity (x) axis, with the variance 
being the minimum and maximum estimates from the formulae that are able to be applied. Where 
information is not available to inform application of one or more formulae, the model uses the average of 
the remaining methods for defining the mid-point.  

The reference points used in a SAFE assessment are defined below: 

1. Fmsm – Fishing mortality rate corresponding to maximum sustainable fishing mortality (MSM) 
at Bmsm (biomass that supports MSM, equivalent to MSY) 

2. Flim – Fishing mortality rate corresponding to limit biomass Blim, where Blim is defined as 50% 
biomass that supports the MSM 

3. Fcrash – Minimum unsustainable fishing mortality rate that theoretically may lead to 
population extinction in the long term. 

The result is that F can be considered against msm, lim and crash, giving an absolute measure of vulnerability. 

SAFE vulnerability categories are defined as: 

Low – F<Fmsm 

Medium – Flim>F>Fmsm 

High – Fcrash>F>Flim 

Extreme – F>Fcrash 

Spatial data  

Species distribution data were sourced from the FAO Catalogue of Species—Geonetwork database, the IUCN 

Red List and various sources in the published literature. The FAO Catalogue of Species generally had the most 

up-to-date distribution data, so this was used before searching other sources. Fishing effort data for Australia 

and New Zealand bottom fishing gears for 2012 to 2016 were used. Fishing effort data were aggregated to 

20 minute cells, with each cell defined as the ‘fished area’. 
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Overview of PSA and SAFE results  
Table 3. PSA and SAFE vulnerability categories for each species and each gear included in the assessment. 

DD denotes data deficient for PSA (11 species missing =>3 attributes) and SAFE (20 species for which F-

based reference points could not be calculated) 

  
Species 

Demersal trawl Midwater trawl Demersal longline Sum of 
vulnerability 
ranking scores* PSA SAFE PSA SAFE PSA SAFE 

Squalus fernandezianus High (DD) Extreme (DD) High (DD) Extreme (DD) High (DD) Extreme (DD) 21 

Mitsukurina owstoni High (DD) Extreme (DD) Medium (DD) Extreme (DD) High (DD) Extreme (DD) 20 

Oxynotus bruniensis High Extreme (DD) Medium Extreme (DD) High Extreme (DD) 20 

Apristurus ampliceps High (DD) Extreme (DD) Medium (DD) Extreme (DD) Medium (DD) Extreme (DD) 19 

Echinorhinus brucus High Extreme (DD) Medium Extreme (DD) Medium Extreme (DD) 19 

Apristurus garricki High (DD) Extreme (DD) Medium (DD) Extreme (DD) Medium (DD) Extreme (DD) 19 

Echinorhinus cookei Medium (DD) Extreme (DD) Medium (DD) Extreme (DD) High (DD) Extreme (DD) 19 

Chlamydoselachus 
anguineus Medium Extreme (DD) Medium Extreme (DD) Medium Extreme (DD) 18 

Apristurus exsanguis Medium Extreme (DD) Medium Extreme (DD) Medium Extreme (DD) 18 

Deania calcea High Extreme Medium Low High Extreme 17 

Centrophorus harrissoni Medium Extreme Medium Low High Extreme 16 

Zameus squamulosus High Extreme Medium Low Medium High 15 

Gollum attenuatus High (DD) Low High (DD) Low High (DD) Extreme 15 

Centroselachus crepidater High Extreme Medium Low Medium High 15 

Deania quadrispinosa Medium High Medium Low High Extreme 15 

Squalus griffini Medium Medium High Low High Extreme 15 

Squalus acanthias Medium High Medium Low Medium Extreme 14 

Somniosus antarcticus High High Medium Low Medium High 14 

Centrophorus squamosus Medium High Medium Low Medium Extreme 14 

Dalatias licha Medium Extreme Medium Low Medium High 14 

Pseudotriakis microdon High Low High Low High Medium 13 

Apristurus melanoasper High (DD) Extreme (DD) Medium (DD) Low (DD) Medium Low (DD) 13 

Chimaera carophila Medium Extreme Low Medium Low High 13 

Hydrolagus bemisi Medium High Low Low Medium Extreme 13 

Heptranchias perlo Medium Medium Medium Low Medium Extreme 13 

Etmopterus lucifer Medium High Low Low Medium Extreme 13 

Parmaturus macmillani Low Extreme (DD) Low Low (DD) Low Extreme (DD) 12 

Galeocerdo cuvier Medium Low Medium Low Medium Extreme 12 

Plesiobatis daviesi High Low (DD) High Low (DD) High Low (DD) 12 

Etmopterus molleri Medium Medium Low Low Medium High 11 

Squalus cholorculus High (DD) Low (DD) Medium (DD) Low (DD) High (DD) Low (DD) 11 

Lamna nasus High Low Medium Low Medium Low 10 

Odontaspis ferox High Low Medium Low Medium Low 10 

Etmopterus pusillus Medium High Medium Low Low Low 10 

Etmopterus viator High Low Medium Low Medium Low 10 

Centroscymnus owstonii Medium Low Medium Low Medium Low 9 

Apristurus australis Medium (DD) Low (DD) Medium (DD) Low (DD) Medium (DD) Low (DD) 9 

Hydrolagus lemures Medium Low Medium Low Medium Low 9 

Carcharhinus altimus Medium Low Medium Low Medium Low 9 

Scymnodalatias albicauda Medium (DD) Low (DD) Medium (DD) Low (DD) Medium (DD) Low (DD) 9 

Squalus megalops Medium Low Medium Low Medium Low 9 

Hexanchus nakamurai Medium Low Medium Low Medium Low 9 
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Taeniurops meyeni Medium Low Medium Low Medium Low 9 

Isurus paucus Medium Low Medium Low Medium Low 9 

Carcharhinus galapagensis Medium Low Medium Low Medium Low 9 

Bathytoshia lata Medium Low Medium Low Medium Low 9 

Apristurus longicephalus Medium Low Medium Low Medium Low 9 

Centroscymnus coelolepis Medium Low Medium Low Medium Low 9 

Cetorhinus maximus Medium Low Medium Low Medium Low 9 

Hexanchus griseus Medium Low Medium Low Medium Low 9 

Brochiraja heuresa Medium High Low Low Low Low 9 

Apristurus pinguis Medium Low (DD) Medium Low (DD) Medium Low (DD) 9 

Alopias superciliosus Medium Low Medium Low Medium Low 9 

Isurus oxyrinchus Medium Low Medium Low Medium Low 9 

Notoraja alisae Medium High Low Low Low Low 9 

Brochiraja vitticauda Medium High Low Low Low Low 9 

Brochiraja spinifera Medium Low Medium Low Medium Low 9 

Alopias vulpinus Medium Low Medium Low Medium Low 9 

Centrophorus moluccensis Medium Low Medium Low Medium Low 9 

Odontaspis noronhai Medium Low Medium Low Medium Low 9 

Euprotomicroides 
zantedeschia Medium Low Medium Low Medium Low 9 

Chimaera panthera Medium Low Medium Low Medium Low 9 

Euprotomicrus bispinatus Medium Low Medium Low Medium Low 9 

Apristurus platyrhynchus Medium Low (DD) Medium Low (DD) Medium Low (DD) 9 

Bathytoshia brevicaudata Medium Low Medium Low Medium Low 9 

Scymnodon ringens Medium Low Medium Low Medium Low 9 

Squalus albifrons Medium Low Medium Low Medium Low 9 

Somniosus longus Medium Low (DD) Medium Low (DD) Medium Low (DD) 9 

Apristurus albisoma Medium (DD) Low (DD) Medium (DD) Low (DD) Medium (DD) Low (DD) 9 

Cirrhigaleus australis Medium Low Medium Low Medium Low 9 

Centrophorus granulosus Medium Low Medium Low Medium Low 9 

Galeorhinus galeus Medium Low Medium Low Medium Low 9 

Apristurus sinensis Medium Low (DD) Medium Low (DD) Medium Low (DD) 9 

Carcharodon carcharias Medium Low Medium Low Medium Low 9 

Squalus montalbani Medium Low Medium Low Medium Low 9 

Etmopterus bigelowi Medium Low Medium Low Medium Low 9 

Tetronarce tremens Medium Low Medium Low Medium Low 9 

Etmopterus granulosus Medium Low Medium Low Medium Low 9 

Etmopterus litvinovi Medium Low Medium Low Medium Low 9 

Etmopterus unicolor Medium Low Medium Low Medium Low 9 

Rhinochimaera pacifica Medium Low Low Low Medium Low 8 

Dipturus innominatus Medium Low Low Low Medium Low 8 

Scymnodalatias sherwoodi Low Low Medium Low Medium Low 8 

Prionace glauca Medium Low Medium Low Low Low 8 

Pseudocarcharias kamoharai Low Low Medium Low Medium Low 8 

Hydrolagus trolli Medium Low Low Low Low Low 7 

Centroscyllium kamoharai Medium Low Low Low Low Low 7 

Chimaera lignaria Medium Low Low Low Low Low 7 

Harriotta raleighana Medium Low Low Low Low Low 7 

Brochiraja asperula Medium Low Low Low Low Low 7 
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Brochiraja leviveneta Low Low Low Low Low Low 6 

Rajella challengeri Low Low Low Low Low Low 6 

Typhlonarke aysoni Low Low Low Low Low Low 6 

Harriotta haeckeli Low Low Low Low Low Low 6 

Isistius brasiliensis Low Low Low Low Low Low 6 

Bathyraja eatonii Low Low Low Low Low Low 6 

Tetronarce nobiliana Low Low Low Low Low Low 6 

Scymnodalatias oligodon Low Low Low Low Low Low 6 

Zearaja nasuta Low Low Low Low Low Low 6 

Amblyraja hyperborea Low Low Low Low Low Low 6 

Notoraja sapphira Low Low Low Low Low Low 6 

Chimaera fulva Low Low Low Low Low Low 6 

Etmopterus pycnolepis Low Low Low Low Low Low 6 

Notoraja azurea Low Low Low Low Low Low 6 

Bathyraja shuntovi Low Low Low Low Low Low 6 

Hydrolagus cf affinis Low Low Low Low Low Low 6 

Dipturus acrobelus Low Low Low Low Low Low 6 

Squaliolus aliae Low Low Low Low Low Low 6 

Chimaera macrospina Low Low Low Low Low Low 6 

Hydrolagus homonycteris Low Low Low Low Low Low 6 

Bathyraja richardsoni Low Low Low Low Low Low 6 

Hydrolagus novaezealandiae Low Low Low Low Low Low 6 

* Score is for ranking purposes only.  
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PSA results 

Table 4. Summary of species’ vulnerability rankings and overall vulnerability scores (ranked by summed 

2D scores across the three gears) using the PSA method 

  Demersal trawl Midwater trawl Demersal longline     

Species 
Vulnerability 
ranking 

Sum of PSA 
2D 

Vulnerability 
ranking 

Sum of PSA 
2D 

Vulnerability 
ranking 

Sum of PSA 
2D 

Total 
Sum of 
PSA 2D* 

Number of 
missing 
attributes 

Squalus fernandezianus High (DD) 4.24 High (DD) 4.24 High (DD) 4.24 12.72 10 

Deania calcea High 3.46 Medium 3.01 High 3.64 10.11 0 

Gollum attenuatus High (DD) 3.2 High (DD) 3.2 High (DD) 3.69 10.09 4 

Squalus griffini Medium 3.18 High 3.2 High 3.69 10.07 2 

Plesiobatis daviesi High 3.32 High 3.29 High 3.26 9.87 2 

Pseudotriakis microdon High 3.28 High 3.21 High 3.26 9.75 2 

Mitsukurina owstoni High (DD) 3.25 Medium (DD) 3.18 High (DD) 3.27 9.7 3 

Squalus cholorculus High (DD) 3.2 Medium (DD) 3.13 High (DD) 3.2 9.53 6 

Odontaspis ferox High 3.2 Medium 3.14 Medium 3.13 9.47 0 

Apristurus melanoasper High (DD) 3.57 Medium (DD) 2.94 Medium 2.95 9.46 4 

Oxynotus bruniensis High 3.24 Medium 3.01 High 3.19 9.44 2 

Somniosus antarcticus High 3.23 Medium 3.08 Medium 3.13 9.44 0 

Apristurus garricki High (DD) 3.47 Medium (DD) 2.94 Medium (DD) 3.02 9.43 3 

Echinorhinus brucus High 3.23 Medium 3.03 Medium 3.16 9.42 2 

Isurus oxyrinchus Medium 3.17 Medium 3.17 Medium 3.06 9.4 0 

Lamna nasus High 3.2 Medium 3.09 Medium 3.11 9.4 0 

Echinorhinus cookei Medium (DD) 3.15 Medium (DD) 3 High (DD) 3.23 9.38 4 

Carcharhinus altimus Medium 3.17 Medium 3.14 Medium 3.06 9.37 0 

Etmopterus viator High 3.2 Medium 3.08 Medium 3.08 9.36 2 

Odontaspis noronhai Medium 3.13 Medium 3.1 Medium 3.13 9.36 0 

Chlamydoselachus anguineus Medium 3.17 Medium 3.01 Medium 3.15 9.33 2 

Isurus paucus Medium 3.13 Medium 3.06 Medium 3.11 9.3 0 

Centrophorus harrissoni Medium 3.11 Medium 2.91 High 3.23 9.25 0 

Centrophorus squamosus Medium 3.15 Medium 2.96 Medium 3.14 9.25 0 

Carcharodon carcharias Medium 3.08 Medium 3.05 Medium 3.08 9.21 0 

Centrophorus moluccensis Medium 3.06 Medium 3.06 Medium 3.06 9.18 0 

Apristurus ampliceps High (DD) 3.2 Medium (DD) 2.94 Medium (DD) 3.02 9.16 4 

Centroselachus crepidater High 3.33 Medium 2.85 Medium 2.97 9.15 0 

Somniosus longus Medium 3.06 Medium 3.03 Medium 3.06 9.15 2 

Deania quadrispinosa Medium 3.04 Medium 2.86 High 3.24 9.14 0 

Squalus montalbani Medium 3.06 Medium 2.98 Medium 3.06 9.1 2 

Centrophorus granulosus Medium 3.06 Medium 2.96 Medium 3.05 9.07 0 

Squalus albifrons Medium 2.94 Medium 3.06 Medium 3.06 9.06 2 

Zameus squamulosus High 3.26 Medium 2.83 Medium 2.94 9.03 0 

Bathytoshia brevicaudata Medium 2.94 Medium 3.06 Medium 3 9 0 

Alopias superciliosus Medium 2.99 Medium 3 Medium 3 8.99 0 

Bathytoshia lata Medium 2.94 Medium 3.03 Medium 3 8.97 0 

Squalus acanthias Medium 3.08 Medium 2.81 Medium 3.07 8.96 0 

Etmopterus litvinovi Medium 3.06 Medium 2.94 Medium 2.94 8.94 2 

Heptranchias perlo Medium 3.01 Medium 2.76 Medium 3.12 8.89 0 

Apristurus albisoma Medium (DD) 3 Medium (DD) 2.94 Medium (DD) 2.94 8.88 4 

Hydrolagus lemures Medium 2.94 Medium 2.94 Medium 2.94 8.82 0 
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Cetorhinus maximus Medium 2.94 Medium 2.91 Medium 2.94 8.79 0 

Cirrhigaleus australis Medium 2.94 Medium 2.91 Medium 2.94 8.79 0 

Dalatias licha Medium 3.15 Medium 2.74 Medium 2.88 8.77 0 

Hexanchus nakamurai Medium 2.89 Medium 2.94 Medium 2.94 8.77 0 

Apristurus australis Medium (DD) 2.94 Medium (DD) 2.85 Medium (DD) 2.94 8.73 4 

Brochiraja spinifera Medium 2.94 Medium 2.85 Medium 2.94 8.73 0 

Centroscymnus owstonii Medium 2.94 Medium 2.85 Medium 2.94 8.73 0 

Etmopterus bigelowi Medium 2.94 Medium 2.91 Medium 2.87 8.72 0 

Galeocerdo cuvier Medium 2.84 Medium 2.8 Medium 3.05 8.69 0 

Scymnodalatias albicauda Medium (DD) 2.81 Medium (DD) 2.94 Medium (DD) 2.94 8.69 4 

Squalus megalops Medium 2.93 Medium 2.94 Medium 2.82 8.69 0 

Euprotomicroides zantedeschia Medium 2.86 Medium 2.94 Medium 2.87 8.67 0 

Etmopterus unicolor Medium 2.94 Medium 2.84 Medium 2.87 8.65 0 

Apristurus exsanguis Medium 3.01 Medium 2.68 Medium 2.82 8.51 2 

Alopias vulpinus Medium 2.81 Medium 2.84 Medium 2.84 8.49 0 

Chimaera panthera Medium 2.82 Medium 2.82 Medium 2.82 8.46 0 

Apristurus pinguis Medium 2.85 Medium 2.81 Medium 2.79 8.45 2 

Carcharhinus galapagensis Medium 2.81 Medium 2.81 Medium 2.82 8.44 0 

Galeorhinus galeus Medium 2.82 Medium 2.79 Medium 2.82 8.43 0 

Hexanchus griseus Medium 2.81 Medium 2.78 Medium 2.8 8.39 0 

Scymnodon ringens Medium 2.82 Medium 2.71 Medium 2.82 8.35 0 

Apristurus platyrhynchus Medium 2.82 Medium 2.76 Medium 2.75 8.33 2 

Etmopterus lucifer Medium 2.91 Low 2.61 Medium 2.81 8.33 0 

Chimaera carophila Medium 3.16 Low 2.57 Low 2.57 8.3 1 

Etmopterus granulosus Medium 2.82 Medium 2.73 Medium 2.75 8.3 0 

Taeniurops meyeni Medium 2.68 Medium 2.82 Medium 2.75 8.25 0 

Hydrolagus bemisi Medium 2.78 Low 2.5 Medium 2.96 8.24 0 

Brochiraja vitticauda Medium 3.16 Low 2.57 Low 2.49 8.22 1 

Notoraja alisae Medium 3.16 Low 2.57 Low 2.49 8.22 1 

Euprotomicrus bispinatus Medium 2.82 Medium 2.69 Medium 2.71 8.22 0 

Centroscymnus coelolepis Medium 2.77 Medium 2.71 Medium 2.73 8.21 0 

Apristurus longicephalus Medium 2.82 Medium 2.68 Medium 2.69 8.19 2 

Apristurus sinensis Medium 2.82 Medium 2.68 Medium 2.68 8.18 2 

Etmopterus pusillus Medium 2.89 Medium 2.67 Low 2.62 8.18 0 

Etmopterus molleri Medium 2.79 Low 2.57 Medium 2.7 8.06 0 

Tetronarce tremens Medium 2.66 Medium 2.7 Medium 2.7 8.06 0 

Rhinochimaera pacifica Medium 2.7 Low 2.62 Medium 2.7 8.02 0 

Dipturus innominatus Medium 2.7 Low 2.59 Medium 2.69 7.98 2 

Prionace glauca Medium 2.7 Medium 2.64 Low 2.62 7.96 0 

Pseudocarcharias kamoharai Low 2.56 Medium 2.7 Medium 2.7 7.96 0 

Scymnodalatias sherwoodi Low 2.55 Medium 2.7 Medium 2.7 7.95 0 

Brochiraja asperula Medium 2.7 Low 2.62 Low 2.62 7.94 0 

Brochiraja heuresa Medium 3.07 Low 2.46 Low 2.37 7.9 1 

Chimaera lignaria Medium 2.7 Low 2.55 Low 2.61 7.86 0 

Centroscyllium kamoharai Medium 2.7 Low 2.55 Low 2.58 7.83 0 

Hydrolagus trolli Medium 2.7 Low 2.55 Low 2.55 7.8 2 

Harriotta raleighana Medium 2.65 Low 2.55 Low 2.58 7.78 0 

Isistius brasiliensis Low 2.59 Low 2.55 Low 2.54 7.68 0 
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Tetronarce nobiliana Low 2.57 Low 2.52 Low 2.57 7.66 0 

Scymnodalatias oligodon Low 2.55 Low 2.55 Low 2.55 7.65 0 

Etmopterus pycnolepis Low 2.57 Low 2.57 Low 2.49 7.63 0 

Harriotta haeckeli Low 2.55 Low 2.55 Low 2.53 7.63 0 

Hydrolagus novaezealandiae Low 2.57 Low 2.52 Low 2.49 7.58 0 

Hydrolagus homonycteris Low 2.57 Low 2.45 Low 2.52 7.54 0 

Chimaera macrospina Low 2.57 Low 2.44 Low 2.53 7.54 0 

Parmaturus macmillani Low 2.57 Low 2.42 Low 2.49 7.48 2 

Amblyraja hyperborea Low 2.52 Low 2.42 Low 2.48 7.42 0 

Squaliolus aliae Low 2.55 Low 2.42 Low 2.45 7.42 0 

Chimaera fulva Low 2.57 Low 2.42 Low 2.42 7.41 0 

Notoraja azurea Low 2.57 Low 2.42 Low 2.4 7.39 0 

Hydrolagus cf affinis Low 2.5 Low 2.42 Low 2.44 7.36 0 

Bathyraja richardsoni Low 2.5 Low 2.42 Low 2.42 7.34 0 

Typhlonarke aysoni Low 2.46 Low 2.45 Low 2.37 7.28 0 

Bathyraja shuntovi Low 2.46 Low 2.36 Low 2.45 7.27 0 

Brochiraja leviveneta Low 2.46 Low 2.41 Low 2.37 7.24 0 

Zearaja nasuta Low 2.46 Low 2.33 Low 2.44 7.23 2 

Bathyraja eatonii Low 2.46 Low 2.32 Low 2.43 7.21 0 

Dipturus acrobelus Low 2.46 Low 2.31 Low 2.4 7.17 0 

Rajella challengeri Low 2.46 Low 2.3 Low 2.27 7.03 0 

Notoraja sapphira Low 2.18 Low 2.18 Low 2.15 6.51 0 

Notes: DD = Data deficient (missing 3 or more P and/or S attributes). 2D – two dimensional score incorporating productivity and 

susceptibility. * Sum of 2D scores is for ranking purposes and cannot be interpreted as cumulative vulnerability.  

 

SAFE results 
Table 5. Summary of SAFE vulnerability rankings, F-estimates and F-based reference points for Fmsm, 
Flim and Fcrash (ranked by summed F-estimates across the three gears) using the SAFE method 

Species 

Demersal trawl Midwater trawl Demersal longline Reference points Total sum 
of F-

estimate* F-estimate 
Vulnerabilit
y category F-estimate 

Vulnerabilit
y category F-estimate 

Vulnerabilit
y category Fmsm Flim 

Fcras
h 

Squalus fernandezianus 0.3 
Extreme 
(DD) 0.3 

Extreme 
(DD) 0.444 

Extreme 
(DD) - - - 1.044 

Deania calcea 0.174 Extreme 0.024 Low 0.32 Extreme 0.06 0.09 0.13 0.518 

Squalus griffini 0.06 Medium 0 Low 0.438 Extreme 0.05 0.08 0.11 0.498 

Galeocerdo cuvier 0 Low 0 Low 0.454 Extreme 0.08 0.12 0.16 0.454 

Apristurus garricki 0.2 
Extreme 
(DD) 0.067 

Extreme 
(DD) 0.132 

Extreme 
(DD) - - - 0.399 

Gollum attenuatus 0.051 Low 0 Low 0.324 Extreme 0.06 0.08 0.11 0.375 

Hydrolagus bemisi 0.118 High 0.019 Low 0.234 Extreme 0.08 0.11 0.15 0.371 

Chimaera carophila 0.2 Extreme 0.067 Medium 0.099 High 0.06 0.09 0.12 0.366 

Centrophorus harrissoni 0.116 Extreme 0.028 Low 0.216 Extreme 0.06 0.08 0.11 0.36 

Heptranchias perlo 0.118 Medium 0.021 Low 0.217 Extreme 0.1 0.15 0.2 0.356 

Apristurus melanoasper 0.354 
Extreme 
(DD) 0 Low (DD) 0 Low (DD) - - - 0.354 

Deania quadrispinosa 0.097 High 0.033 Low 0.218 Extreme 0.06 0.09 0.12 0.348 

Brochiraja heuresa 0.2 High 0.067 Low 0.066 Low 0.1 0.15 0.2 0.333 

Notoraja alisae 0.2 High 0.067 Low 0.066 Low 0.1 0.15 0.2 0.333 

Brochiraja vitticauda 0.2 High 0.067 Low 0.066 Low 0.1 0.15 0.2 0.333 

Oxynotus bruniensis 0.119 
Extreme 
(DD) 0.019 

Extreme 
(DD) 0.157 

Extreme 
(DD) - - - 0.295 

Etmopterus molleri 0.121 Medium 0.029 Low 0.145 High 0.08 0.12 0.16 0.295 
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Echinorhinus brucus 0.116 
Extreme 
(DD) 0.026 

Extreme 
(DD) 0.144 

Extreme 
(DD) - - - 0.286 

Dalatias licha 0.153 Extreme 0.009 Low 0.123 High 0.07 0.11 0.14 0.285 

Centroselachus 
crepidater 0.17 Extreme 0.009 Low 0.105 High 0.06 0.09 0.12 0.284 

Etmopterus lucifer 0.122 High 0.018 Low 0.143 Extreme 0.06 0.1 0.13 0.283 

Echinorhinus cookei 0.093 
Extreme 
(DD) 0.017 

Extreme 
(DD) 0.173 

Extreme 
(DD) - - - 0.283 

Squalus acanthias 0.107 High 0.012 Low 0.154 Extreme 0.06 0.09 0.12 0.273 

Zameus squamulosus 0.152 Extreme 0.01 Low 0.1 High 0.06 0.08 0.11 0.262 

Centrophorus 
squamosus 0.094 High 0.016 Low 0.136 Extreme 0.06 0.09 0.12 0.246 

Apristurus exsanguis 0.119 
Extreme 
(DD) 0.009 

Extreme 
(DD) 0.101 

Extreme 
(DD) - - - 0.229 

Apristurus ampliceps 0.108 
Extreme 
(DD) 0.008 

Extreme 
(DD) 0.08 

Extreme 
(DD) - - - 0.196 

Etmopterus pusillus 0.116 High 0.014 Low 0.062 Low 0.07 0.11 0.14 0.192 

Parmaturus macmillani 0.05 
Extreme 
(DD) 0 Low (DD) 0.098 

Extreme 
(DD) - - - 0.148 

Somniosus antarcticus 0.079 High 0.006 Low 0.062 High 0.04 0.06 0.08 0.147 

Mitsukurina owstoni 0.039 
Extreme 
(DD) 0.006 

Extreme 
(DD) 0.072 

Extreme 
(DD) - - - 0.117 

Amblyraja hyperborea 0.053 Low 0.002 Low 0.06 Low 0.07 0.11 0.15 0.115 

Pseudotriakis microdon 0.036 Low 0.005 Low 0.066 Medium 0.06 0.08 0.11 0.107 

Chlamydoselachus 
anguineus 0.033 

Extreme 
(DD) 0.002 

Extreme 
(DD) 0.029 

Extreme 
(DD) - - - 0.064 

Galeorhinus galeus 0.018 Low 0.005 Low 0.026 Low 0.06 0.09 0.13 0.049 

Harriotta raleighana 0.026 Low 0.003 Low 0.017 Low 0.05 0.08 0.11 0.046 

Hexanchus griseus 0.019 Low 0.001 Low 0.011 Low 0.1 0.15 0.2 0.031 

Etmopterus viator 0.011 Low 0 Low 0.015 Low 0.05 0.08 0.11 0.026 

Notoraja sapphira 0 Low 0 Low 0.021 Low 0.1 0.15 0.2 0.021 

Centroscymnus 
coelolepis 0.006 Low 0.001 Low 0.01 Low 0.04 0.06 0.08 0.017 

Cirrhigaleus australis 0 Low 0 Low 0.013 Low 0.05 0.08 0.11 0.013 

Isurus oxyrinchus 0.001 Low 0 Low 0.001 Low 0.06 0.09 0.12 0.002 

Alopias superciliosus 0.001 Low 0 Low 0.001 Low 0.06 0.08 0.11 0.002 

Prionace glauca 0.001 Low 0 Low 0.001 Low 0.08 0.12 0.16 0.002 

Lamna nasus 0.001 Low 0 Low 0 Low 0.05 0.08 0.11 0.001 

Pseudocarcharias 
kamoharai 0 Low 0 Low 0.001 Low 0.12 0.18 0.24 0.001 

Dipturus acrobelus 0 Low 0 Low 0 Low 0.1 0.14 0.19 0 

Chimaera lignaria 0 Low 0 Low 0 Low 0.04 0.06 0.08 0 

Scymnodalatias 
sherwoodi 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Bathyraja richardsoni 0 Low 0 Low 0 Low 0.08 0.13 0.17 0 

Hydrolagus trolli 0 Low 0 Low 0 Low 0.08 0.11 0.15 0 

Bathyraja shuntovi 0 Low 0 Low 0 Low 0.09 0.14 0.19 0 

Apristurus sinensis 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Etmopterus bigelowi 0 Low 0 Low 0 Low 0.06 0.08 0.11 0 

Squaliolus aliae 0 Low 0 Low 0 Low 0.07 0.1 0.13 0 

Etmopterus granulosus 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Hydrolagus lemures 0 Low 0 Low 0 Low 0.07 0.11 0.15 0 

Etmopterus litvinovi 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 

Apristurus 
platyrhynchus 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Bathytoshia 
brevicaudata 0 Low 0 Low 0 Low 0.12 0.17 0.23 0 

Carcharhinus altimus 0 Low 0 Low 0 Low 0.07 0.1 0.14 0 

Bathytoshia lata 0 Low 0 Low 0 Low 0.11 0.16 0.22 0 

Centroscyllium 
kamoharai 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 
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Brochiraja asperula 0 Low 0 Low 0 Low 0.1 0.15 0.2 0 

Chimaera macrospina 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 

Zearaja nasuta 0 Low 0 Low 0 Low 0.13 0.2 0.26 0 

Squalus albifrons 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Chimaera panthera 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Typhlonarke aysoni 0 Low 0 Low 0 Low 0.09 0.14 0.19 0 

Alopias vulpinus 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 

Hydrolagus 
novaezealandiae 0 Low 0 Low 0 Low 0.08 0.11 0.15 0 

Euprotomicroides 
zantedeschia 0 Low 0 Low 0 Low 0.07 0.1 0.13 0 

Isistius brasiliensis 0 Low 0 Low 0 Low 0.07 0.1 0.13 0 

Euprotomicrus 
bispinatus 0 Low 0 Low 0 Low 0.07 0.1 0.13 0 

Isurus paucus 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Apristurus australis 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Apristurus 
longicephalus 0 Low 0 Low 0 Low 0.13 0.19 0.26 0 

Plesiobatis daviesi 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Notoraja azurea 0 Low 0 Low 0 Low 0.09 0.14 0.18 0 

Odontaspis ferox 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 

Dipturus innominatus 0 Low 0 Low 0 Low 0.07 0.11 0.14 0 

Odontaspis noronhai 0 Low 0 Low 0 Low 0.07 0.11 0.14 0 

Carcharhinus 
galapagensis 0 Low 0 Low 0 Low 0.1 0.15 0.2 0 

Rajella challengeri 0 Low 0 Low 0 Low 0.07 0.11 0.15 0 

Bathyraja eatonii 0 Low 0 Low 0 Low 0.09 0.13 0.18 0 

Scymnodalatias 
albicauda 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Cetorhinus maximus 0 Low 0 Low 0 Low 0.03 0.04 0.06 0 

Chimaera fulva 0 Low 0 Low 0 Low 0.08 0.12 0.16 0 

Brochiraja leviveneta 0 Low 0 Low 0 Low 0.1 0.15 0.2 0 

Rhinochimaera pacifica 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Harriotta haeckeli 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Scymnodalatias 
oligodon 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Apristurus pinguis 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Scymnodon ringens 0 Low 0 Low 0 Low 0.04 0.06 0.08 0 

Brochiraja spinifera 0 Low 0 Low 0 Low 0.04 0.06 0.08 0 

Somniosus longus 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Centrophorus 
granulosus 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Carcharodon carcharias 0 Low 0 Low 0 Low 0.04 0.06 0.08 0 

Apristurus albisoma 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Squalus cholorculus 0 Low (DD) 0 Low (DD) 0 Low (DD) - - - 0 

Squalus montalbani 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Tetronarce nobiliana 0 Low 0 Low 0 Low 0.09 0.14 0.19 0 

Squalus megalops 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Hexanchus nakamurai 0 Low 0 Low 0 Low 0.1 0.15 0.2 0 

Taeniurops meyeni 0 Low 0 Low 0 Low 0.14 0.22 0.29 0 

Centrophorus 
moluccensis 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Tetronarce tremens 0 Low 0 Low 0 Low 0.09 0.14 0.19 0 

Hydrolagus cf affinis 0 Low 0 Low 0 Low 0.08 0.11 0.15 0 

Centroscymnus 
owstonii 0 Low 0 Low 0 Low 0.06 0.09 0.12 0 

Hydrolagus 
homonycteris 0 Low 0 Low 0 Low 0.09 0.13 0.18 0 



10 Aug 2018  SC6-DW08 

15 

Etmopterus pycnolepis 0 Low 0 Low 0 Low 0.1 0.15 0.2 0 

Etmopterus unicolor 0 Low 0 Low 0 Low 0.05 0.08 0.11 0 

Notes: DD = Data deficient (F-based reference points unable to be estimated). * Sum of F-estimates is for ranking purposes and 

cannot be interpreted as cumulative vulnerability.  

Sensitivity analysis of overlap 
All species underwent additional sensitivity analysis to explore the effect of changes in the spatial overlap 

between species distribution and fishing effort. The analysis evaluated increases and decreases in the extent 

of overlap between species distribution and fishing effort of up to 30% (in 10% increments). 

Method – PSA 

To evaluate sensitivities to the overlaps between fishery effort and species distribution the estimated overlap 

used to calculate S1: Availability was varied by negative and positive 10%, 20% and 30% increments. The S1 

attribute was then re-discretised into the attribute scores and the susceptibility score was recalculated. The 

number of species changing to a lower or higher vulnerability category were recorded.  

Method – SAFE 

To evaluate sensitivities to the overlaps between fishery effort and species distribution the susceptibility 

value (e.g. F-estimate) was varied by both positive and negative 10%, 20% and 30% increments. The number 

of species changing to a lower or higher vulnerability category were recorded. 

Results  

Table 6. Number of species changing vulnerability categories as a result of increasing or decreasing the 

species overlap with fishing effort by 10%, 20% and 30% for the PSA and SAFE analyses 

Method PSA SAFE 

Increment 10% 20% 30% 10% 20% 30% 

Demersal trawl 4 9 14 12 16 19 

Midwater trawl 3 3 4 0 1 1 

Demersal longline 5 8 10 5 12 13 

 

Table 7. Species changing vulnerability categories as a result of increasing or decreasing the species 

overlap with fishing effort by 10%, 20% and 30% for the PSA analyses for demersal trawl and demersal 

longline gears (PSA vulnerability is the original ranking, X denotes no change) 

Demersal trawl PSA vulnerability -30 -20 -10 10 20 30 

Centroselachus crepidater High Medium X X X X X 

Zameus squamulosus High Medium Medium X X X X 

Oxynotus bruniensis High Medium Medium X X X X 

Somniosus antarcticus High Medium X X X X X 

Echinorhinus brucus High Medium Medium X X X X 

Apristurus ampliceps High Medium Medium Medium X X X 

Squalus griffini Medium X X X High High High 

Dalatias licha Medium X X X High High High 

Echinorhinus cookei Medium X X X X High High 

Centrophorus squamosus Medium X X X High High High 

Centrophorus harrissoni Medium X X X X High High 

Squalus acanthias Medium X X X X X High 

Etmopterus molleri Medium Low X X X X X 

Hydrolagus bemisi Medium Low X X X X X 

Midwater trawl PSA vulnerability -30 -20 -10 10 20 30 
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Isurus oxyrinchus Medium X X X High High High 

Lamna nasus Medium X X X High High High 

Cirrhigaleus australis Medium X X X High High High 

Chimaera lignaria Low X X X X X Medium 

Demersal longline PSA vulnerability -30 -20 -10 10 20 30 

Deania quadrispinosa High Medium Medium Medium X X X 

Centrophorus harrissoni High Medium Medium Medium X X X 

Echinorhinus cookei High Medium Medium X X X X 

Oxynotus bruniensis High Medium Medium Medium X X X 

Echinorhinus brucus Medium X X X High High High 

Centrophorus squamosus Medium X X X X High High 

Heptranchias perlo Medium X X X High High High 

Squalus acanthias Medium X X X X X High 

Etmopterus molleri Medium Low Low X X X X 

Etmopterus pusillus Low X X X X X Medium 

 

Table 8. Species changing vulnerability categories as a result of increasing or decreasing the susceptibility 

(i.e. F-estimate) by 10%, 20% and 30% for the SAFE analyses for demersal trawl and demersal longline 

gears (SAFE vulnerability is the original ranking, X denotes no change) 

Demersal trawl SAFE vulnerability -30 -20 -10 10 20 30 

Zameus squamulosus Extreme High X X X X X 

Centroselachus crepidater Extreme High X X X X X 

Centrophorus harrissoni Extreme High High High X X X 

Deania calcea Extreme High X X X X X 

Dalatias licha Extreme Medium High High X X X 

Somniosus antarcticus High Medium X X Extreme Extreme Extreme 

Etmopterus pusillus High Medium Medium Medium X X Extreme 

Centrophorus squamosus High Medium Medium Medium X X Extreme 

Squalus acanthias High Medium Medium X X Extreme Extreme 

Etmopterus lucifer High Medium Medium X Extreme Extreme Extreme 

Deania quadrispinosa High Medium Medium Medium X X Extreme 

Notoraja alisae High Medium X X Extreme Extreme Extreme 

Hydrolagus bemisi High Medium Medium Medium X X Extreme 

Brochiraja vitticauda High Medium X X Extreme Extreme Extreme 

Brochiraja heuresa High Medium X X Extreme Extreme Extreme 

Squalus griffini Medium Low Low X X X X 

Etmopterus molleri Medium X X X High High High 

Heptranchias perlo Medium Low Low X X X High 

Gollum attenuatus Low X X X X Medium Medium 

Midwater trawl SAFE vulnerability -30 -20 -10 10 20 30 

Chimaera carophila Medium Low Low X X X X 

Demersal longline SAFE vulnerability -30 -20 -10 10 20 30 

Centrophorus squamosus Extreme High High X X X X 

Squalus acanthias Extreme High X X X X X 

Etmopterus lucifer Extreme High High High X X X 

Heptranchias perlo Extreme High High High X X X 

Zameus squamulosus High Medium Medium X X Extreme Extreme 
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Somniosus antarcticus High Medium Medium Medium X X Extreme 

Etmopterus molleri High Medium Medium X X Extreme Extreme 

Centroselachus crepidater High Medium Medium X X Extreme Extreme 

Dalatias licha High Medium Medium X X Extreme Extreme 

Chimaera carophila High Medium Medium Medium X X Extreme 

Pseudotriakis microdon Medium Low Low Low X X High 

Amblyraja hyperborea Low X X X X Medium Medium 

Etmopterus pusillus Low X X X X Medium Medium 

 

Discussion 
There was reasonable alignment between the PSA and SAFE results at the upper end of the vulnerability 
spectrum. The main difference arose in the number of species assessed to be at medium vulnerability, with 
the PSA estimating far more species to be at medium vulnerability than the SAFE. This is to be expected and 
can largely be explained by the PSA assuming a minimum score of 1 for the S1: Availability attribute even if 
there is zero overlap between the species and the gears, while in this situation the SAFE gives a true zero (i.e. 
no overlap means no vulnerability). Consequently, the SAFE gives far fewer false positives than the PSA.  

In this assessment, differentiation in vulnerability appears to be driven more by susceptibility than by 
productivity such that species with higher susceptibility scores ranked higher in terms of overall vulnerability. 
Variation in the horizontal and vertical overlap of species distribution with fishing effort (as informed by the 
S1: Availability and S2: Encounterability attributes) appears to be the driving factor for species assessed to 
be at the upper end of the vulnerability rankings, which is to be expected given that that there was zero 
overlap between fishing effort and the distributions of many species. As could be expected, the generally low 
productivity of most of the species included in this assessment appears to have had a lower influence on 
differentiation in overall vulnerability rankings. Despite differentiation being informed more by susceptibility, 
it should be reiterated that susceptibility in the PSA is interpreted as the product of the scores for the four 
susceptibility attributes and a low (or high) score for one attribute will act to influence the overall score. For 
example, a score of 3 for both S3: Selectivity and S4: Post capture mortality will result in a total score of 9 if 
the S1 and S2 attributes score a 1 (e.g. 3x3x1x1, noting that this is then rescaled to inform the overall 
vulnerability score), but a score of 3 for S1 and scores of 1 for S2, S3 and S4 will only result in an overall score 
of 3 (e.g. 3x1x1x1). Thus, it is difficult to make general inferences about the contribution of individual 
attributes and additional analysis of ‘highly vulnerable’ species may be warranted. 

Species with limited distributions may be assessed to be higher vulnerability if they have a larger proportion 
of overlap with fishing effort because a larger proportion of their populations will be susceptible to 
encountering fishing with each gear (and vice versa). This may indicate that more attention should be given 
to high-vulnerability species that are endemic to SPRFMO and have limited distributions. Conversely, species 
with a small proportion of their total distribution within the SPRFMO area may be assessed to be at high 
vulnerability if there is a large proportion of overlap with fishing effort. Such a scenario would increase 
uncertainty around the vulnerability ranking, as the influence of fishing outside the fishery area on the 
remainder of the species’ population is unknown. 

The sensitivity analyses to explore the effect of changes in the overlap of species distribution with fishing 
effort helps inform consideration of the influence of the actual fished area within a ‘fished’ cell. Because of 
the relatively coarse resolution of fishing effort data (20 minute cells) and the precautionary assumption that 
fishing occurs in, and is homogenously distributed across, each ‘fished’ cell, the sensitivities showing 
decreased overlap (i.e. -10%, -20% and -30%) may be more informative than those showing increased 
overlap. However, if the distribution of fishing effort expands into new areas, then increased overlap 
becomes more important. The sensitivity analyses demonstrated that for most species with a true overlap 
between fishing effort and distribution the results are quite sensitive to changes in overlap of this magnitude.  

For the F-based reference points (productivity) axis in the SAFE assessment, there was some variation in 
productivity estimates between the various species (e.g. Table 7), but generally, low productivity was evident 
with Fmsm estimates for the top 10 ‘vulnerable’ species ranging from 0.04 to 0.1 and Fcrash estimates ranging 
from 0.08 to 0.2. These reference points appear to be plausible for chondrichthyans and lower-productivity 
teleosts. The F-estimates for demersal and midwater trawl gears in relation to the estimated reference points 
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appear to be plausible. High F-estimates for a number of species assessed to be at high or extreme 
vulnerability to longline gears do not appear to be plausible (e.g. F=0.307 for Galeocerdo cuvier and F=0.219 
for Deania calcea). It is currently unclear what is driving these high F estimates.  

The differences in the F-estimates between the three gears highlights that F-estimates are driven by the 
modelling assumptions and that comparison between gears may not be very informative. The high F-
estimates for a number of species for longline gears may indicate that the susceptibility assumptions need 
refinement. A 20 minute resolution for longline effort may not be appropriate as the actual footprint and 
effective fishing area of the gear may only cover a small proportion of each ‘fished’ cell. A rescaling of F-
estimates within each gear (instead of between gears) may give a more useful index of relative vulnerability, 
and this should be considered in the interpretation of results and possible formulation of advice.  

As reported in SC5-DW09 (Duffy et al. 2017), species occurring in the SPRFMO area that have exhibited strong 
negative responses to fishing in other areas include gulper sharks (Centrophorus spp.), spiny dogfishes in the 
Squalus mitsukurii complex, Odontaspis ferox and Galeorhinus galeus. Species from the Squalus mitsukurii 
complex potentially distributed in the SPRFMO area include: S. albifrons, S. chloroculus, S. fernandezanius, S. 
griffini and S. montalbani. 

 

Methodological limitations 
The two-dimensional nature of the PSA does not weight the contribution of productivity and susceptibility to 
the overall vulnerability score and also assumes an equal contribution from each individual attribute within 
the productivity and susceptibility axes. It has recently been demonstrated that these assumptions may be 
flawed in some circumstances (Hordyk and Carruthers 2018). A rescaling of the linear two-dimensional 
relationship between productivity and susceptibility (for example, a heavier weighting of one over the other), 
or consideration of the weighting of individual P and S attributes within each axis may be appropriate and 
could form the basis of future research. It may also be that a completely different set of P and/or S attributes 
may give better results. Other limitations of PSA and SAFE analyses are detailed in Hobday et al. (2011) and 
Zhou et al. (2016).  

Spatial data 

The selection of 20 minute resolution blocks for fishing effort assumes that fishing takes place evenly across 
each ‘fished’ cell. Additionally, both methods assume that species are homogenously distributed across their 
ranges. In reality, neither fishing nor species are homogenously distributed. However, ERA is a precautionary 
approach based on trade-offs between data availability, costs, and the intended outcomes of the assessment. 
For species assessed to be at high or extreme vulnerability, finer resolution effort data could be used for 
particular gears. This may be an appropriate response for longline gears, which provided seemingly 
implausible F-estimates for a number of species (and very high F-estimates relative to other gears). An 
alternative response may be to simply rescale the vulnerability rankings within the longline gear results to 
make them more plausible, but this may not add much value to the interpretation of results, assuming they 
are communicated effectively.  

Another limitation relates to the species distribution maps used. Methods underlying the generation of 
distribution maps can vary substantially depending on the source (e.g. polygon or point data, modelled 
distribution based on depth preference etc.). Despite having almost 100% coverage for the species 
distribution data used in this analysis, the degree of inconsistency in the sources used means that the 
methods underlying the spatial mapping, as well as the currency of maps, are likely to be influencing results. 
For example, the use of a map from the IUCN Red List showing a smaller spatial distribution of a species than 
a map for the same species sourced from the FAO Geonetwork database showing a larger distribution would 
act to bias vulnerability low if the proportion of overlap with fishing effort was lower. Obviously, the 
implications of such a scenario would be contingent on the latter source being ‘better’ than the former and 
showing a more accurate representation of the true range of the species in question. Analysis of the 
underlying mapping methods and a comprehensive review of the currency of maps used was not attempted 
for this assessment. 

  

https://www.sprfmo.int/assets/SC5-2017/SC5-DW09-rev1-Deepwater-sharks.pdf
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Figure 1. Demonstration of the influence of mapping source for species distributions on results. a) is 
distribution of Galeocerdo cuvier from the FAO Geonetwork; b) is the same species from the IUCN Red 
List. If a) was used, the overlap (proportion) of SPRFMO fishing effort with species distribution in 
SPRFMO would be much smaller, giving a lower vulnerability ranking 

a 

 

b 

 

Figure 2. Maps showing different distribution for D. calcea. Map used was the FAO Geonetwork. 

 
Aquamaps (https://www.aquamaps.org/receive.php?type_of_map=regular) 2012 

 

IUCN Red List (http://maps.iucnredlist.org/map.html?id=41798) 2003 

https://www.aquamaps.org/receive.php?type_of_map=regular
http://maps.iucnredlist.org/map.html?id=41798


10 Aug 2018  SC6-DW08 

20 

 

FAO Geonetwork (http://www.fao.org/geonetwork/srv/en/main.home) 2016 

This limitation has not yet been resolved. Consequently, results for some species should be interpreted with 
caution. Consistency of species distribution mapping sources and methods is important and will need to be 
resolved before results for some species can be interpreted meaningfully.  

Another limitation of the mapping inputs can be demonstrated by the examples of Harriotta raleighana and 
Rhinochimaera pacifica, which are identified as two of the main chondrichthyan species caught in NZ trawl 
fisheries in the SPRFMO area (see SC5-DW09 - Duffy et al. 2017). These species were assessed to be at low 
vulnerability to all gears in both the PSA and SAFE assessments, with the SAFE indicating no overlap between 
species distribution and fishing effort, and the PSA giving a low score (1) for the S1:Availability attribute. This 
indicates that the distribution mapping source used for these species (the FAO Geonetwork) is not capturing 
the true distribution of the species. 

Productivity attributes 

Limitations relating to the productivity attributes include the appropriateness of certain attributes to 
chondrichthyans, the metrics for those attributes, the scaling of vulnerability scores for each attribute, and 
the assumed equal weighting of each attribute to the overall productivity of each species. Modifications 
made to these attributes to overcome (or at least mitigate) some of these limitations are described herein 
(e.g., the rescaling of some attributes in Table 1), but weighting of attributes based on their relative 
contribution to overall productivity was not attempted. Other applications of PSA have attempted the use of 
different productivity (and susceptibility) attributes and weighting systems (e.g. Nel et al. 2013) but it is not 
clear whether additional effort to explore such a system for SPRFMO chondrichthyans would be 
commensurate with the intended outcomes of the vulnerability assessment. 

The assignment of congeneric attributes for species with missing data is also a potential limitation that is not 
visible in the assessment outputs presented herein. For species for which some attribute values were missing, 
expert knowledge was used to assign values from similar species within the same genus. It is possible that a 
different expert would assign a different value from another similar congeneric species. The attribution of 
congeneric data to species lacking this information reduced the number of species classified as data deficient 
(i.e. those missing 3 or more attributes). This attribution is also likely to have reduced the number of false 
positives (as there were less scores of 3 for missing data) and resulted in a more realistic and comprehensive 
assessment of vulnerability. Despite the generally low productivity of species in this assessment leading to a 
lower contribution to the variance in overall vulnerability scores than the spatial overlap of fishing effort and 
species distribution, the assessment may benefit from additional sensitivity analysis exploring different 
assumptions about the assignment of congeneric attributes. Given these uncertainties, it may also be useful 
to explore the vulnerability categorisations at genus level as opposed to species level.    

Susceptibility attributes 

The overlap of species distribution with fishing effort is calculated on the percentage of the species 
distribution within the SPRFMO area and not the percentage of overlap of effort with the entire species 
distribution. This is primarily because the absence of data on fishing effort adjacent to the assessment area 
would act to skew the vulnerability categorisation (e.g., a species with a global distribution would probably 
receive a very low vulnerability score if the entire distribution was used) but only fishing effort within 
SPRFMO was used. In this assessment, vulnerability was assessed in terms of the vulnerability to the 
population of the species within the SPRFMO area as SPRFMO does not have the ability to implement or 
guide management responses outside the fishery.  

http://www.fao.org/geonetwork/srv/en/main.home
https://www.sprfmo.int/assets/SC5-2017/SC5-DW09-rev1-Deepwater-sharks.pdf
https://www.sprfmo.int/assets/SC5-2017/SC5-DW09-rev1-Deepwater-sharks.pdf
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Results for midwater trawl gears are likely to be less robust than those for demersal trawl and longline gears. 
This is due to the limitation of the modelling approach that assumes that midwater trawl fishing overlaps 
with the bottom habitat of deepwater chondrichthyans. In reality, midwater trawl gears only sometimes 
touch the seafloor. Given that many species’ habitats are at the bottom of the water column (noting that 
some species have diurnal or nocturnal vertical or lateral (i.e. up and down slope) migrations), the method 
when applied to midwater trawl will, in theory, tend to overestimate vulnerability and result in more false 
positives. This was not evident in this assessment (at least for the SAFE assessment).  

Another potential limitation is that the assumptions around gear configurations influencing S3: Selectivity are 
incorrect. Selectivity curves are likely to vary markedly for sharks, rays and chimaeras. Selectivity assumptions 
used in the assessment were based on sharks, which comprised most of the species included. Sensitivities 
around the use of different selectivity assumptions could be explored if deemed necessary, but data to inform 
gear selectivity for sharks, rays and chimaeras is generally limited. A consequence of this is that the results 
for rays are probably more uncertain than those for sharks and chimaeras, which share roughly similar 
morphological characteristics in that they are generally torpedo-shaped.  

For post capture mortality (PCM), the default in the model is to assign high vulnerability to target or 
byproduct species and medium vulnerability to bycatch or discard species. This may not be appropriate for 
deepwater chondrichthyans, but there is little data to inform PCM estimates. The attribution of low 
vulnerability is generally taxa dependent (for example, may include air breathing or protected species where 
there is evidence of post capture release and survival), and this category was not used for this assessment.  

Conclusions 

This semi-quantitative assessment demonstrates that a number of species of deepwater chondrichthyans 

are potentially vulnerable to fishing using demersal trawl, midwater trawl and demersal longline gears in the 

SPRFMO Convention Area. Given that there are no dedicated target fisheries for these species and catch data 

indicates that fishing mortality is low or zero for most species, it is unlikely that there are urgent sustainability 

concerns for any species. However, as noted by Duffy et al. (2017), populations of some species occurring on 

isolated features such as seamounts and ridges are potentially vulnerable to overfishing because of limited 

population connectivity and small areas of suitable habitat (Foster et al. 2015).  

The assessment highlights that information on the identification, distribution, stock structure, biology and 

life history of deepwater chondrichthyans is lacking. It is possible that vulnerability of sub-populations is far 

greater than that indicated by this assessment, highlighting the need for better information on biological 

stock structure and population connectivity of deepwater chondrichthyans. It is recommended that 

identification protocols are improved and that biological collection programs are continued and/or 

strengthened. Research on post capture mortality and gear selectivity of deepwater chondrichthyans would 

be useful to inform mitigation strategies to minimise vulnerability associated with susceptibility. Re-

assessment should be undertaken if there is a significant change in fishing effort or the characteristics of 

SPRFMO bottom fisheries.   
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