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• International Guidelines for the 
Management of Deep-sea Fisheries in 
the High Seas (FAO, 2009)

• Guidelines include a description of the 
concept of a vulnerable marine 
ecosystem (VME), how to identify 
them (criteria), and provide examples

VMEs – DSF guidelines

http://www.fao.org/documents/card/en/c/b02fc35e-a0c4-545a-86fb-4fc340e13b52

FAO (2009)

http://www.fao.org/documents/card/en/c/b02fc35e-a0c4-545a-86fb-4fc340e13b52


Identifying VMEs - criteria

FAO (2009)



Identifying VMEs - application

FAO (2009)



Finally….

Acknowledge the 
fundamental issue with 
models but emphasise 
their purpose

“Essentially, all models are wrong, but some are useful.”

George Box

Identifying VMEs - models



Identifying VMEs – habitat suitability models

• VME indicator taxa

• Iterative development of modelling 
approaches (since 2013) and 
appropriate spatial scale

• First model for whole SPRFMO area 
unreliable (not useful) – global 
bathymetry issue

• Revealed by ground truthing

Anderson et al. (2016)https://www.sciencedirect.com/science/article/pii/S0964569115300740

https://www.sciencedirect.com/science/article/pii/S0964569115300740


Identifying VMEs – habitat suitability models

• Latest models for 18 VME indicator 
taxa for subset of SPRFMO area where 
environmental data more reliable and 
orange roughy fishery located

• Ensemble modelling approach 
(averaged output weighted by 
individual model performance)

• Mapped model uncertainty and 
environmental coverage

Bennion et al. (2024a)https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12700

https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12700


Identifying VMEs – habitat suitability models

• Various forms of HS models used by 
RFMOs to infer presence of VMEs

• Sometimes in support/basis of 
other methods (e.g., NPFC)

• But particularly useful for data-poor 
areas (e.g., SIOFA, recently made HS 
models for VME indicator taxa, 
although these used ultimately to 
identify VME bioregions)

Warawa et al. (2021)https://www.npfc.int/system/files/2021-11/NPFC-2021-SSC%20BFME02-
WP05%20Predictive%20Habitat%20Models%20and%20Visual%20Surveys%20to%20Identify%20VMEs.pdf

https://siofa.org/sites/default/files/files/VMEMapping_FullReport.pdf Ramiro-Sanchez &Leroy (2023) 

https://www.npfc.int/system/files/2021-11/NPFC-2021-SSC%20BFME02-WP05%20Predictive%20Habitat%20Models%20and%20Visual%20Surveys%20to%20Identify%20VMEs.pdf
https://www.npfc.int/system/files/2021-11/NPFC-2021-SSC%20BFME02-WP05%20Predictive%20Habitat%20Models%20and%20Visual%20Surveys%20to%20Identify%20VMEs.pdf
https://siofa.org/sites/default/files/files/VMEMapping_FullReport.pdf


Identifying VMEs – abundance-based species distribution models

• Seafloor imagery allows for making of 
SDMs for VME indicator taxa using 
abundance data

• More useful for identifying VMEs

• Louisville Seamounts and 3 VME 
indicator taxa

• MBES derivatives as predictors to make 
fine-scale resolution (25 x 25 m) maps

Rowden et al. (2017)https://www.sciencedirect.com/science/article/pii/S0964569115300740

https://www.sciencedirect.com/science/article/pii/S0964569115300740


Identifying VMEs – operationalising VME criteria

• Abundance data/models allows for 
application of VME FAO criteria to 
identify VMEs

• Identification of abundance 
thresholds for structural complex 
VME applied to abundance models
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Number of coral heads

Rowden et al. (2020)

Coral abundance Coral reef VME

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2020.00095/full

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2020.00095/full


Identifying VMEs - operationalising VME criteria

• Warawa et al. (2022), for NPFC, 
used similar approach to Rowden 
et al. (2020) for identifying VME 
thresholds

• Both for density and relative 
occurrence – and showed relative 
occurrence good proxy for 
density – so possible to use 
occurrence models for VME 
identification

Warawa et al. (2022)https://www.npfc.int/system/files/2022-11/NPFC-2022-SSC%20BFME03-WP03%20Identifying%20VMEs.pdf

https://www.npfc.int/system/files/2022-11/NPFC-2022-SSC%20BFME03-WP03%20Identifying%20VMEs.pdf


Identifying VMEs – abundance-based species distribution models

• New models for subset of SPRFMO area – 
based on towed-camera abundance data

• 17 VME indicator taxa

• Ensemble approach, uncertainty, and 
environmental coverage

• Performance promising

• Independent data for testing (pending)

https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12751) Bennion et al. (2024b)

https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12751


Identifying VMEs – VME indices

• Gros et al. (2023) developed 
VME index based on 
abundance and diversity of 
VME indicator taxa

• Builds on work of others who 
have promoted and applied 
multi-criteria VME indices 
(e.g., Morato et al. 2018; 
Burgos et al. 2020)

Gros et al. (2023)https://academic.oup.com/icesjms/article/80/4/972/7058020

https://academic.oup.com/icesjms/article/80/4/972/7058020


Identifying VMEs – VME indices

• Applied Gros et al. (2023) 
approach to JSDM model 
outputs for VME indicator 
taxa in NZ EEZ (Stephenson 
et al. 2024)

• Trialled same method using 
recent VME indicator taxa 
abundance models 
SPRFMO sub-area

Bennion et al. (2024b)https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12751)

https://onlinelibrary.wiley.com/doi/epdf/10.1111/fme.12751


Finally….

Acknowledge the 
fundamental issue with 
models but emphasise 
their purpose

Identifying VMEs - challenges

• Habitat suitability models for VMEs (presence only) reached limit of performance and usefulness

• Fine-scale models for VMEs using MBES derivatives unattainable for large areas

• Abundance-based VME models using imagery data are the ideal – but available imagery limited – 
need more fisheries-independent surveys

• Model outputs for VME indicator taxa not closely enough aligned with VME concept – need model 
outputs that incorporate VME criteria, e.g., thresholding abundance-based models, VME indices etc

• Acceptance of methodologies within an RFMO takes time  – research, debate, refinement, resistance 

• Opportunities for across-RFMO fertilization and alignment – need more across-RFMO work – how 
can this be facilitated? By FAO? Other means? – can be difficult when scientific input sits in different 
places in different RFMO processes



Identifying VMEs – modelling challenges

Read this….

Gros et al. (2022)https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.870145/full

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.870145/full


Interaction with threats, assessment of impact and mitigation performance

• SPRFMO adopted FAO definition of 
Significant Adverse Impacts (SAIs)

• Assessment of SAIs delivered through 
BFIA – i.e., risk assessment approach

• Likelihood of SAIs evaluated using a 3-
part workflow: Spatial distribution of 
VME indicator taxa and fishing 
distribution; status of VME indicator 
taxa; management measure 
performance (primarily spatial)

Australia and New Zealand 2023 Bottom Fishery Impact Assessment (BFIA) 
https://www.sprfmo.int/assets/Meetings/02-SC/11th-SC-2023/Deepwater/SC11-DW01_rev1-Cumulative-Bottom-
Fishery-Impact-Assessment-for-AUS-and-NZL-bottom-fisheries-2023.pdf

https://www.sprfmo.int/assets/Meetings/02-SC/11th-SC-2023/Deepwater/SC11-DW01_rev1-Cumulative-Bottom-Fishery-Impact-Assessment-for-AUS-and-NZL-bottom-fisheries-2023.pdf
https://www.sprfmo.int/assets/Meetings/02-SC/11th-SC-2023/Deepwater/SC11-DW01_rev1-Cumulative-Bottom-Fishery-Impact-Assessment-for-AUS-and-NZL-bottom-fisheries-2023.pdf
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Finally….

Acknowledge the 
fundamental issue with 
models but emphasise 
their purpose

EAFM in SPRFMO

• The BFIA is a tool for EAFM in SPRFMO 

• Impact risk assessment part for VMEs is not directly 
linked within BFIA to other risk assessments (using 
different approaches) for target species, retained 
and non-retained bycatch - including other 
vulnerable species (birds, mammals, reptiles)

• EAFM is largely implemented through Conservation 
and Management Measures (CMMs); e.g., for 
‘Bottom Fishing’ and ‘Deepwater Species’

• Little evidence of integrated approach to EAFM 
(post-hoc mapping of CMMs to EAFM components)

Thompson; Background paper for EAFM symposium

little evidence of integrated EAFM



Fletcher (2020)

With respect to VMEs

EAFM in SPRFMO



Fletcher (2020)

With respect to VMEs

Thompson; Background paper for EAFM symposium

EAFM in SPRFMO



Finally….

Acknowledge the 
fundamental issue with 
models but emphasise 
their purpose

Future?

• RFMOs need to acknowledge the issues 
and proposed actions in FAO reviews of 
EAFM implementation

• Use already available FAO resources on 
EAFM

• Respond to calls for direct engagement 
with FAO on EAFM issues through DSF 
project

• Contribute to new resources on EAFM
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