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REPORT OF THE GIENTIFICCOUNCILWORKING GROUP ON ECOSYSTEM SCIENCE AND ASSESSMENT
(WG-ESA)

4-12 November 202 5
1. Opening by the co-Chairs

The NAFO Scientific Council Working Group on Ecosystem Science and AssessmentB®i& met during4 -
12 November 2025 to address matters referred to it by the Scientific Councilelating to various Commission
requests,as well as its wider terms of reference.

The meeting wasopened at11:02 (GMT +J) on 4 November 2025 by the co-Chairs, Mar Sacau Cuadrad¢EU)
and Alfonso PérezRodriguez(EU). The meeting was conducted in a hybrid format, with participants attending
both in person and remotely.The co-Chairs presented the detailed agenda and outlined the work plan for the
meeting as well as the terms of reference and the Commission requests relevant to the working grolipe
Terms of Reference ToRs) and Commission requests are presented in the Agenda iAnnex 1. A list of
participants is presented in Appendix 2

2. Appointment of Rapporteur
The NAFO Secretaria(Andrea Perreaul) was appointed as rapporteur.
3. Adoption of Agenda

The agenda and detailed agenda were adopted as circulatésstte Appendix 1)

THEME 1: SPATIALCONSIDERATIONS
4. Update on identification and mapping of sensitive species and habitats (VMES) in the NAFO area.

a) ToR 1.1.Update on VME indicator species data and VME indicator species distribution from EU; EU -
Spain Groundfish Surveys and Canadian Surveys. Temporal trends on VME catches.

i) EU-Spain and Portugal and EU- Spain Groundfish Surveys (2025)

During 2025, R/VVizconde de Ezearried out three surveys: 1) In Division 3L (Flemish Pass) sampling between

125 - 1467 meters depth, with a total of 90 tows (82 valid); 2) In Division 3M (Flemish Cap) sampling between

135 - 1464 m depth, with a total of 189 tows (182 valid); and 3) InDivisions 3NO (Grand Banks of
Newfoundland) sampling between 46- 1444 m depth with a total of 116 tows (113 valid). In total there were

377 bottom trawl tows, 18 of them considered invalid due to technical problems duringhie fishing operation.

In addition, 8 hauls were conducted inside VME closures. 109 hauls out of 377 valid tows have shown zero

catches (i.e. no presence) of VME indicator species groups. This represents the 28.91% of the total valid hauls.

A brief description of the survey methodology can be found in Duran Mufoet al. (2020). Sponges were

recorded in 203 of the 377 valid tows (53.85% of valid tows analyzed), at mean depths between 135 and 1467

i8 4EAOA xAO TTA OECI EEZEAAT O tAebelrdws, whick felOduisilehle WM | pmim
polygons for sponges, but inside VME closures. Large gorgonians were recorded in 4 of the 377 valid tows

(1.06% of valid tows analyzed), at mean depths between 572 and 681 m. There was one significant catch of

large CT OCT T EAT O j1I mnm8¢ ECTOi xq ET OEAOA Oi xOh xEEAE ZAlI
polygons for large gorgonians. Small gorgonians were recorded in 57 of the 377 valid tows (15.12% of valid

tows analyzed), at mean depths between 231 and 146w. There were no significant catches of small
CiOCIiTEAT O j1I m8¢ ECTOi xq EI OEAOA 61 x08 3AA PAT O xAOA
Oi xO AT Al UUAAQR AO [ AAT AAPOEO AAOxAA] o¢¢ Al Alptrty I8
kg/tow) in these tows, which fell within the VME polygons for sea pens, but outside VME closures. Black corals

were recorded in 31 of the 377 valid tows (8.22% of valid tows analyzed), at mean depths between 231 and

1265 m. There were two significantA AOAEAO 1T £ Al AAE AT OAT O jI m81t ECTOI xQ
outside the VME polygons for black corals and outside VME closures. Sea squiBslienia oviferg were

recorded in 7 of the 377 valid tows (1.86% of valid tows analyzed), at mean depths between 57 and 681 m.

4AEAOA xAO T1TA OEGCIi EXZEAAT O AAOAE 1T &£# OAA ONOEOOO jI m8au
VME polygons for sea squirts andutside VME closures. Bryozoans were recorded in 30 of the 377 valid tows

(7.96% of valid tows analyzed), at mean depths between 46 and 1199 m. There were no significant catches of

AOUT UT AT O j1I mn8¢ ECTOI xq ET OEAOA Oi xO8
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i) Canadian Surveys (2023 Fall / 2025 Spring)

From fall 2023 to spring 2025, the Canadian Multispecies Surveys, conducted by Fisheries and Oceans Canada,

DFO (McCallum and Walsh, 1996), sampled the Grand Bank of Newfoundland (NAFO Divs. 3LNO) between

mean depths of 39 1404 m, with a total of 338 tows (313 valid). A total of 9 hauls were conducted inside VME

closures. Data is presented for two periods: Fall 2023/Spring 2024 and Fall 2024/Spring 2025 for corals

because in 2024 coral data was not presented at the WESA meeting. For sponges, bryozoanadsea squirts,

Fall 2024/Spring 2025 data is presented. DFO is transitioning from the CCG&8leostand CCG3lfred Needler

to new vessels, the CCG&pt Jacques Cartiemd CCG3ohn Caboftor its annual spring (Div. 3LNOPSs) and fall

(Div. 2HJ3KLNO) multispecies surveys. The MValvertwas also used as part of the comparative fishing. The

new vessels use the same fishing protocols as previousldedlerand Teleos}, but minor modifications have

been made to the trawl (Wheelancet al., 2023). Conversion fadrs between these vessels are not available for

corals, bryozoans, andolteniaovifera, because the available data were insufficient for their development. For

this reason, caution should be taken when interpreting the data presented here based on the new vessels. For
sponges, on the other hand, analysis of the CCG&8eost Capt Jacques CartitdohnCabotcomparison (Fall

2021-2022, 2HJ3KL) and CCGNeedlerJohn Cabot comparison (Fall 20212022, Fall 3KL) indicated no

significant difference in catchability of sponges, and conversion factors do not need to be applied for this group

(DFO, 2024, 2025). The Fall 2023 sets that fell within the NRA were conducted using the CGib8Cabot(35%

of all sets, with one unsuccessful set), CCG&pt Jacques Cartigb1% of all sets, with one unsuccessful set),

and CCGSeleost(14% of all sets, with one unsuccessful set). The Spring 2024 sets were conducted using the
CCGSJohnCabot (61% of all sets, with four unsuccessful sets), and M&alvert (39% of all sets, with ;e
unsuccessful set). The Fall 2024 sets were conducted using the CQGIE1Cabot(100% of all sets, with 10
unsuccessful sets). The Spring 2025 sets were conducted using the CA@®Cabot(100% of all sets, with

seven unsuccessful sets). Sponges were recorded in 84 of the 128 valid tows (65.62% of valid tows analyzed,
2024-¢cmcuqh AO 1 AAT AAPOEO AAOxAAT 11 AT A xmt 18 4EAOA >
kg/tow) in these tows. Large gorgonians were recorded in 8 of the 313 valid tows (2.56% of valid tows

analyzed, 20232025), at mean depths between 389 and 652 m. Thereese three significant catches of large
CIOCITEAT O j1I mn8e EcCTOi xq ET OEAOA Oi xOh 1T1TA 1T £ xEEAE
within VME closures. Small gorgonians were recorded in 12 of the 313 valid tows (3.83% of valid tows
analyzed 2023-2025), at mean depths between 53 and 1048 m. There were two significant catches of small
CIlOGCITEAT O j1I m8¢ ECTOIi xq ET OEAOA Oi xOh T1TA 1T &£ xEEAE
the another one fell inside VME closures. Sea pewsre recorded in 52 of the 313 valid tows (16.61% of valid

tows analyzed, 20232025), at mean depths between 61 and 1184 m. There were four significant catches of sea
PDAT O j1I p8c ECTOi xq E1T OEAOA O1 xO | &E C Ofhichdell wthin AT 1 T £
the VME polygons for sea pens. Black corals were not recorded in any of the DFO Fall 203ring 2025

surveys. Sea squirts were recorded in 2 of the 128 valid tows (1.56% of valid tows analyzed, 262@25), at

mean depths between205AT A ¢mne I8 4EAOA xAOA 11 OECI EXZEAAT O AAOAEA
tows. Bryozoans were recorded in 7 of the 128 valid tows (5.47% of valid tows analyzed, 202825), at mean ) o
depths between 189 and 604 m. There were no significantcatcbe | £ AOUI Ul A1 O I mn8¢ ECYOI

Above information of EUSpain/Portugal and Canadian surveys, including distribution maps of VME species
groups, is further detailed in SCR Doc. 2650.
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b) ToR 1.2.Improvements to the Quality Assurance (QA) of data on VME indicators from RV catches
i) Data Quality Checking Procedures (2020-2024)

The data call for the previous KDE analyses (Kenchingtatal., 2019) was for the seven VME functional groups,
that is Large Sized Sponges, Sea Pens, Large Gorgonian Corals, Small Gorgonian Corals, Black Corals, Erect
Bryozoans, and Sea SquirtsBpltenia oviferg. This focus on functional groups, rather than species or taxon,
arose from the first iterations of the work where there was uncertainty in the identification of these taxa to
lower taxonomic levels such as genus or species, and no photos or subgtes were available to confirm
identification subsequently. However, over time greater attention has been given to identification, both at sea
and in postsurvey protocols. As a result, the more recent data for most VME functional groups now includes
data identified to species and/or genus (Murillo et al., 2024; Murillo et al., 2025). Exceptions are for the
bryozoans, which are only recorded at that level in all surveys, and the Canadian sponge data which is only
OAAT OAAA AO O01 OEZEAOAG S8

Data from the EU was first provided in 2002, and from 201-R019, individual VME indicator taxa were
identified to the extent possible and provided to NAFO for the species distribution modeling (SDM) work (see
Murillo et al., 2024; Murillo et al., 2025). Data from Canada were provided with records as early as 1995 for
some functional groups. For the corals (large and small gorgonian corals, sea pens, and black corals), updates
provided by Ms. V. Hayes (DFO, NWAFC) in 2024 included identificatiotosthe speges level or the lowest
taxon that could be assigned with confidence. Such identifications commenced with records in 2000 through
to 2022. Therefore, for most VME indicator taxa, the functional group biomass data used for the 2019 KDE
analyses was comparedvith the taxon-specific data provided in 2024 for the SDMs for overlapping time
periods. Ideally, the sum of the biomass of the component taxa used for the SDMs should equal the weight
provided for the functional group in each trawl set. However, a numbeof discrepancies were found for most

of the functional groups (details in Kenchingtoret al., 2025). Some of the errors were created at sea (coding
errors) while others were in the data handling of both the data providers and the data analysts, primarily in
the omission of key taxa that should have been included, but also due to changes madeulgh QC checks by
the data provider after 2019. The new data were used in preference to the earlier data sets provided.

In future, a systematic review framework of data provided for the review of the areas closed to protect VME
should be in place to avoid, to the extent possible, such mistakes.

References

Kenchington, E., Lirette, C., Murillo, F.J., Hayes, V., Sacau, M. & Gonc¢alvg$)2B). Vulnerable Marine
Ecosystems in the NAFO Regulatory Area: Updated Kernel Density Analyses of Vulnerable Marine
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c) ToR 1.3.Update on the methodology to assess the presence of Pennatula aculeata
Claude Nozere$, Ellen Kenchington, Laurence De Clippek JinshanXut (1: Canada, 2: UK)

An update from the 2024 WEESA meeting was presented on sea pen (superfamily Pennatuloidea) movement
patterns observed over several months in images from benthic landers in the Gully canyon. This followed the
publication of the report on the image analysisnethodology using machine learning, image cataloguing, and
BIIGLE web annotations (Nozérest a., 2025). Retraction into the sediment byPennatula aculeatawas
analyzed for a group in a foreground area. Most images had most sea pens visible and verylyaneere they
seen as mostly hidden. Group retraction was generally periodic at about dday cycles following lunar age,
more evident in autumn 2022 (OctoberDecember), than in winterspring 2023 (JanuaryJune) when more sea
pens remained expanded more ofte. Environmental variables such as fatty acids from collected sediment traps
and sea surface CHd also coincided with higher levels into the spring months. Marine snow, or visible particles
in the dark background of images, were counted by machine learrgnto provide another potential index of
available food. While it showed some periodicity, again with mostly higher levels in wintespring, this pattern
was not directly associated with the sea pen group. Random Forest modelling had @hfatty acids, and lunar
age as among the important positive predictors for expanded sea pens, as a group and for an individual colony.
Further analyses are suggested on oceanographic parameters (tidal cycles) and individual sea pen colonies.
During the review of sea pens etractions, several instances were also seen of horizontal movements, with
colonies, entering, repositioning, or leaving the field of view. This was seen for botR. aculeataand Balticina
finmarchica, usually by very small colonies. Some rare interactions were also observed, with inadvertent
disruptions by larger fishes and crabs in the sea pen fields, and occasional retraction or displacement upon
contact of aPtilella grandis by a predatory sea star. Publications are forthcoming for the group retraction
patterns by P. aculeata and a separate note on the horizontal movements by individual colonies. While
retractions were rare events, they have the potential to affect monitoring dP. aculeatadensity conducted by
either image or trawl surveys, and it is recommended to develop predictors of group retractions from seasonal
or lunar cycles. Horizontal movements affected relatively few sea pens amere not likely to impact periodic
monitoring, though they may become of interest in following longerm patterns of recruitment or changes in
sea pen fields.

Reference

Nozeéres, C., De Clippele, L.H., Xu, J., and Kenchingtd@0E5). Comparison ofPennatulaaculeatasea pen
abundance at a fixed site over an extended period using machine learning, image annotation, and image
cataloguing. Can. Manuscr. Rep. Fish. Aquat. Sci. 3300: iv + 3tps://doi.org/10.60825/gce6 -8934.

d) ToR 1.4 Okeanos Explorer work on the Corner Rise Seamounts [COM. Request#6b]

The Corner Rise Seamounts (CRS) are scheduled forenealuation of their protection status by NAFO in 2027,
requiring updated evidence on the presence and extent of Vulnerable Marine Ecosystems (VMES). Using video
AAOGA Al 11 AAOAA AO&BDBCI OAD® OO Al OEGRABIOAPPET ¢ 3011 A0S
analyzed coral and sponge diversity across eight CRS seamounts to (1) characterize community composition,
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(2) assess environmental influences on assemblage structure, and (3) identify higlensity, structure-forming
VME habitats based on OSPAR criteria. A total of 112 coral and sponge morphotypes were recorded from 4,655
observations. Assemblages were primanl structured by depth and associated water masses, revealing distinct
clusters with characteristic indicator taxa. These results indicate environmental specificity among taxa and
suggest dispersal barriers and mechanisms shaping deeg@a community structure. Six highdensity coral and
sponge habitats exceeded the 25 m2 OSPAR threshold for coral gardens, confirming multiple VME habitats
down to 2,500 m depth. This study provides a reproducible, videbased approach for identifying VMEs and
contributes new s€E AT OEZAEA E1 &£l Ol A OE leValuatBh. Ot also! s&ength@ns ther cage f@ A
maintaining and expanding protections for the southern CRS seamounts, which currently fall only under ron
binding WECAFC recommendations. Additional threats, including petial deep-sea mining and climate
driven shifts in species distributions, should also be considered in future management planninigor further
information see Beckmanret al. (2026).

Reference

Beckmann, L. M., Eveborn, L., Kenchington, E., and Waller;2826). Hotspots beyond borders: quantitative
assessment of Vulnerable Marine Ecosystems on the Corner Rise seamounts with implications for
conservation planning. Frontiers in Marine Science 13:1752067. doi: 10.3389/fmars.2026.1752067

e) ToR 1.5 Update on the centralized data repository using ArcGIS Online [COM. Request#64a]

The Data Subgroup outlined a number of recommendations to advance the development of a centralized data
repository using ArcGIS Online to host data and dafaroducts for scientific advice at the November 2024
annual meeting (NAFO, 2024). In preparation fothe 2025 WGESA meetingthe Data Subgroup continued to
advance the work by:

1) Identifying additional priority data layers which support the SAI reassessment, contacting the
relevant data providers, initiating the acquisition of data layers and metadata, and uploading layers to
ArcGIS Online. This included the addition of metadata to data layers that had been previously uploaded
to ArcGIS Online to test the platform, but excluded metadata.

2) Trialing the Standard Metadata Form as data layers were uploaded to ArcGIS Online.

3) Testing the practicality of using the ArcGIS StoryMap, which documented workflows for data
preparation and upload to ArcGIS Online, to guide the preparation and upload of data layers.

4) Submitting the required documentation to the NAFO Secretariat in April 2025 outlining the
costs associated with using ArcGIS Online for the centralized data repository which was approved for
the 2026 budget.

5) Testing the assignment and use of the available Viewer License to Data Subgroup members.
6) Developing a draft template in support of streamlining and standardizing RV trawl data requests.

The progress made during the intersessional period, as detailed above, was presented to the-B&A at the
meeting in November 2025. Meeting participants provided useful feedback to the Data Subgroup to guide work
moving forward.

i) Data Layers

The data layers that had been uploaded to ArcGIS Online were reviewed by meeting participants. It was noted
that the initial focus was uploading current data layers that would directly support the upcoming SAIl
assessment. It was recommended by the Data Syrbup that once this was complete, the focus could then shift
to uploading previous versions of these layers to provide a lineage of changes over time. Members did note that
in some cases data layers from previous analgs had been found to contain errorgfter their publication. There
was a discussion about how that information could be captured within the data repository to ensure users
would be aware of potential issues. The Data Subgroup indicated that it would be possible to add an obvious
flag within the metadata description noting that errors had been found in the file and it was not recommended
for use moving forward. There was some discussion as to whether erroneous files should be removed from the
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data repository, but the general consensus was that all data layers created and published should be retained as
they represented the best available products at the time they were generated.

Members were able to review some of the layers through a brief demonstration of the data repository provided

by the Data Subgroup. Participants did note that while the year attribute within layer names was useful for
discriminating between different versions of the same analysis, it would also be good to capture what SAl
reassessment data layers were associated with. To address this, the Data Subgroup proposed the use of tags
which would allow members to search data layers by SAl assessment year.

i) Metadata

Generally, the standard metadata form was found to work well for supporting the upload of data layers to
ArcGIS Online. Reviewing samples of the metadata generated for layers uploaded to the data repository
prompted some discussion among members about how much detahould be included. One suggestion was
that it would be useful to include the units of measurement associated with layers, citing the fishing intensity
layers which are computed using many different metrics. There was some additional discussisarrounding

the amount of detail included in the metadata, with some members preferring to see more detail and others
wanting to be careful to not have the form become too onerous for the data providers. It is expected that the
amount of detail required will be an ongoing consideration that may be dependent on the data layer being
uploaded.

iii) Workflow Documentation

The Data Subgroup indicated that the ArcGIS StoryMap developed during the 2024 meeting was found to be
exceptionally useful for guiding the update of data layers in advance of the 2025 meeting. It was noted by the
Data Subgroup that some maintenance will é required as the ArcGIS Online user interface is updated.
Considering the cyclical nature that data uploads are expected to follow, it is recommended that the StoryMap
continues to be used to guide data management.

iv) Licensing

It was confirmed through an investigation of the August 2025 ESRI Licensing Agreement that the Viewer
Licenses are classified as Named User Licenses. As a result, the Data Subgroup indicated that the licenses would
have to be assigned to members using theindividual email addresses. It was noted that members should not
provide email addresses that are already associated with an ArcGIS Online account, as an email address can
only be associated with one ArcGIS Online account. The Secretariat would retaihaaministrative control to
assign and revoke Viewer Licenses in line with the Licensing Agreement. To simplify license management, the
Data Subgroup proposed the development of some documentation for the Secretariat to reference as needed.

v) RV Trawl Requests

The draft template developed by the Data Subgroup to store RV trawl data in support of streamlining data
requests was presented to meeting participants for consideration. It initiated a lengthy discussion surrounding
what columns should be included in theemplate. Specific requests were made to include columns detailing:
start and end latitude, longitude, and time, survey season, survey specific gear and species codes, AphialD,
success of set (e.g. valid or null), whether there were associated photos, gubsibly indicating what year the
record was last updated/revised. There were discussions about what time zone should be associated with time
columns, with many participants indicatingthat UTC would likely be the best to apply to all data sets for
consistency. There was some conceabout how this would complicate looking into diurnal patterns associated
with trawl records, which was noted by the Data Subgroup.

Feedback from data providers (e.g. Instituto Espafiol de Oceanografia [IEO]; Instituto de Investigaciones
Marinas [lIM]; Instituto Portugués do Mar e da Atmosfera [IRIA]; Department of Fisheries and Oceans
Newfoundland and Labrador Region [DFO NL]) did indicate that there were some concerabout the column
names used within the draft template. Specifically, that the names did not match those used within the
underlying databases. It was indicated that this would cause some complications with preparing thetdéor

the template. Furthermore, there was some confusion about specifically what the column headers represented
as the various data providers and data sets may collect different types of data that could be considered relevant.
It was recommended that addional work be done on defining the column headers in the Data Dictionary to
ensure that equivalent data is provided from all data providers. In addition, data providers also raised concerns
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about the inclusion of a count (number of specimens of a species) column, given that some species may not be
retrieved as whole specimens making counts difficult to reliably generate and could mislead emnders.
Members did indicate that while the count clumn was not commonly used in analyses by the group it had been
considered for work conducted on sea pens in the past. As a result, it was suggested that the count column was
retained but that additional details be added to the Data Dictionary tab of theetmplate indicating that the
counts are unreliable for specimens that are easily damaged during retrieval. Members did note that counts
were not regularly reviewed for quality control in the DFO NL data sets.

Further to this, the group discussed how best to upload, store, and maintain, RV trawl data on the ArcGIS Online
data repository. Specifically, whether there would be a single data layer that is updated to include each
additional year of data as requested, or would eachnaual request encompass all years of available data that
is uploaded as a new data layer on the data repository. Feedback generally supported the latter, indicating that
this would ensure that each data layer would be a snapshot of the datethe year it was used and would include
any erroneous records that could have fed into the analyses it supported. In addition, requesting the full time
series with each data request would ensure that any revisions and/or corrections made by the data piders

to past records would be captured within the updated data set. However, concerns were raised about how the
Data Subgroup would incorporate editghat data users would have made to previous versions of data sets in
post-processing. There was agreemeithat this would be a problem, with some feedback indicating that it may
be possible for data users and providers to offer feedback to one another as changes were made to the original
data to ensure that they would be carried forward across years. Whildis option was supported by meeting
participants, some members did make it clear that it could be complicated and that some modifications may
ultimately be missed. Another suggestion was to develop an evergreen script that would be updated by the data
users each year to consistently apply the same revisions to the data across the time series.

With respect to the timeline and frequency of data requests, meeting participants did indicate that the various
surveys are conducted at different times of the year, and the subsequent quality control is performed on an
irregular schedule as capacity allow. Canadian participants expressed further concern given the potential for
reductions in staff required to support this work, as any changes imposed on data providers would result in
additional workload for them. Ultimately members agreed that a flexibleitneline should be applied for ongoing
data requests. The frequency of data requests that would best support ongoing work was also discussed. While
generally the requests are related to the update of VME layers every five years, members did note that interim
data requess do come up outside of this cycle. Some members felt that an annual request would be too frequent
for the working group’s current requirements, but ultimately the group opted to trial conducting an annual
data request and determine whether the frequency wuld need to be modified at a later date. There was some
consideration as to who the request should be submitted by, and it was determined that one consistent member
of the working group from the Bedford Institute of Oceanography (BIO) would be responsibler submitting
data requests.

It was proposed that data requests be made to capture the best data available at the time of data requests.
Furthermore, that the requests be broad to ensure as many records as possible (e.g. fish, invertebrates, VME
species, litter) are made available bylata providers. Members indicated that there are notable differences in
the data collected by the EU anthe Canadian surveys report (e.g. Canada does not reliably report litter), which
was noted by the Data Subgroup and could be captured in the Data Dictary as a caveat for data users. Data
providers also indicated that it was important the requests clearly capture how the data will be used to
encourage continued support from management moving forward.

With respect to the data that is provided as part of the data requests, the Data Subgroup did discuss whether it
would be suitable for upload to the data repository. However, members did express concern that this pre
processed data could be used inappropaiely. This was addressed by indicating that the prprocessed data
would be clearly identified and access could be restricted to specific members of the working group. The post
processed versions of these data would be made available for the subsequentlysis by working group
members. In terms of compiling the data, it was proposed that the various data providers (e.g. IEO, IIM, IMPA,
and DFO NL) submit data in the format of the RV trawl data template. These data would be ppsicessed by
the data requestor (e.g. BIO) and aggregated into a single file that would support subsequent analyses.

Finally, concerns were raised about how credit could be given to acknowledge the work that goes into
collecting, processing, and preparing the trawl data to support WESA analyses. Data providers from the EU
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did indicate that there is a standardized acknowledgement included in their data requests that is incorporated
into any publications generated using these data. There was support among the members to develop a similar
mechanism within the Canadian data regest forms to acknowledge the collection, processing, and preparation
of the underlying data, with additional credit (e.g. ceauthorship) extended to the providers if warranted.

vi) Upcoming Work

Based on feedback from meeting participantshe Data Subgroup has identified the following items to address
during the intersessional period:

1) Incorporate updates intothe standard metadata form.

2) Continue the upload of relevant data layers to the centralized data repository, prioritizing those
associated with the upcoming SAI reassessment.

3) Monitor credit usage on the ArcGIS Online data repository.
4) Develop documentation for managing the distribution of Viewer Licenses.

5) Trial the use of mechanisms to streamline RV¥rawl data requests, including the update and
use of the RV trawl data template.

6) Draft the standard acknowledgement text to be used in requests for Canadian RV trawl data.
Reference

NAFQ (2024). Report of the Scientific Council Working Group on Ecosystem Science and Assessment 212
November 2024, Halifax, Canada. NAFO SCS Doc. 24/20.

THEME 2: STATUS, FUNCTIONING AND DYNAMICS OF NAFO MARINE ECOSYSTEMS

5. Update on recent and relevant research related to status, functioning and dynamics of ecosystems
in the NAFO area

a) ToR 2.1.VMEs in the NAFO Regulatory Area: Updated SDM of Selected VME Indicators (Large and
Small Gorgonian Corals, Erect Bryozoans and Sea Squirts) [COM. Request#6b]

i) Species Distribution Modeling of Large and Small Gorgonian Corals, Erect Bryozoans and Sea
Squirts in the NAFO Regulatory Area

Species distribution modeling (SDM) predicts the presené¢absence or abundance/biomass of a species or
habitat (the response variable) from environmental variables thought to influence it (the predictor
variables). SDMshelp to inform on the closed area boundaries and have been usednmdify the areas of
significant concentrations of LargeSized Sponges and Large Gorgonian Corals produced through kernel
density analyses (KDE) in th@revious review completed in 2019(NAFO, 2019).

At the 2024 WG-ESAmeeting, maps showing the predicted distributions of LargeSized Sponges, Sea Pens and
Black Corals were presented, along with those for a number of subgroups of Sponges (i.e., stder
Astrophorina, the familiesTetillidae and Polymastiidaeand sponge grounds (catches above a weight threshold
from the kernel density analyses (KDE)) and Sea Peiffise., genera Balticina, Funiculina, Anthoptilum and
Pennatuld (Murillo et al., 2024).

Here we present SDMs for the VME functional groups Large Gorgonian Corals, Small Gorgonian Corals, Erect
Bryozoans and Sea Squirts (mostly a single speci@&nlteniaovifera). SDMs for Large Gorgonian Corals
(Knudby et al., 2013), Erect Bryozoans and Sea Squirt8dlteniaovifera) (Kenchingtonet al,, 2019) have
previously been incorporated into the NAFO assessment of VMEs (NAFO, 2019), however, the Small Gorgonian
Corals have not previously been assessdeor the Erect Bryozoans, we havalsomodeled the dstribution of

the Erect Bryozoan VME habitat adeterminedthrough use of the kernel density analysis (KDE)
threshold establishedin 20190 0ET ¢ OAOAAOAE OAOOAIT AAOKenkhngtdnetmld ¢ EC
2019). This modeling was performed tdocusthe large area of suitable habitat for erect bryozoans on the
smaller areas where they form VME4Within the Small GorgonianCoralswe also present models
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for Acanellaarbusculaand Radicipeggracilis. Theseadditional models will be used to compare the results of
the predicted distributions of individual taxa versus that of their functional group. They also will be used to
assess whether the current closed areas and fishing impacts differentialiypact these species. We follow the
methods appliedfor the VME functional groups LargeSized Sponges, Sdzensand Black Coral (Murilloet al.,
2024).

Full details of the biological and environmental data, model fitting, variablanportance and evaluation of
model performanceare presented in Murillo et al. (2025). All modelsgenerally scoredhigh accuracy across the
validation statistics (Murillo et al., 2025). Here, for each model performed we provide maps of the predicted
Presences/Absencedbased on a threshold of Sensitivity=Specificity, showing the areas of
extrapolation and uncertainty expressed as the frequency dPresences/Absencedromthe 10cross
validation runs and theaverage probability of the maximum frequency class.

i) Large Gorgonian Corals

Species distribution models were performed for the large gorgonian coral functional group (Figuiel).

iii) Small Gorgonian Corals

Species distribution models were performed for the small gorgonian coral functional group (Figurg.2) and
the small gorgoniansAcanella arbusculgFigure 5.3) and Radicipes graciligFigure 5.4).

iv) Erect Bryozoans

Species distribution models were performed for the erect bryozoan functional group (Figur6.5) and erect
bryozoan VME habitat (Figures.6).

V) Sea Squirts

Species distribution models were performed for the Sea SquirBpltenia oviferg functional group (Figure5.7).
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b) ToR 2.2. VMEs in the NAFO Regulatory Area: Updated Kernel Density Analyses of VME Indicators
[COM. Request#6Db]

In support of the 2027 NAFO review of the closed areas to protect vulnerable marine ecosystems (VMES) in the
NAFO Regulatory Area, kernel density analyses (KDE) of Largiged Sponges, Sea Pens, Small and Large
Gorgonian Corals, Erect Bryozoans, Sea SquifBoltenia oviferg, and Black Corals were undertaken using all
available research vessel (RV) survey datal995z2024) (Kenchington et al., 2025). For Tubedwelling
(Cerianthid) Anemones and Sea Lilies (Crinoids), updated distribution maps were providedraiing on data
from RV trawl surveys, NEREIDA rock dredge samples and NEREIDA underwater imagery.

For the first time, subgroups of some of the VME functional groups had sufficient data to warrant application
of the KDE analyses. These included two families and osaborder of sponges (Tetillidae, Polymastiidae,
Astrophorina), four sea pen generaBalticina, Funiculina, Pennatula and Anthoptilum) and two species of small
gorgonian coral (Acanella arbusculaand Radicipes gracilis These analyses allowed for a visual and
guantitative comparison with their functional group VMEs to determine if there is adequate protection for
these taxa when the functional group alone is considereéor the majority of the subgroups, there is a large
proportion of their VME area that lies outside of their respective VME functional group and therefore should
be taken into account when evaluating closed areas and significant adverse impacts on VMEshi NAFO
Regulatory AreaLastly, a new index is poposed to assist in the quantification of the number of data records
contributing to the newly created area as different thresholds are tested in the KDE analyses.

i) Data Sources

Available biomass data for each VME indicator type were obtained from RV trawl surveys conducted by the EU
and Canada (Tables.1), while presence data were obtained from benthic imagery collected through the
NEREIDA program (Kenchingtoret al., 2019) and from NEREIDA project rock and scallop dredges for the
mapping of the Tubedwelling Anemones (Cerianthids) and Sea Lilies (Crinoids) (Kenchingtoet al., 2019).
Only the trawl survey data (Table5.1) has changed since the last review of closed areas in 20I%hese data
underwent an extensive quality control review which is detailed in Kenchingtort al. (2025).
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Table 5.1. RV Survey Data from NAFO Contracting Parties (EU and Canada); EU, European Union; DFO,
Department of Fisheries and Oceans; NL, Newfoundland and Labrador; IEO, Instituto Espafiol
de Oceanografia; IIM, Instituto de Investigaciones Marinas; IPMA, Instituto fiagués do Mar
e da Atmosfera.

Data Source Period NAFO Gear Mesh Size in Trawl Average
Division Cod-end Duration  Wingspread

Liner (mm)  (min) (m)

Spanish 3NO Survey (IEO) ~ 2002-2024  3NO fg‘{)‘;pe'e“ 20 30 24.2731.9

EU Flemish Cap Survey (IEO, i

IIM, IPMA) 2003 - 2024 3M Lofoten 35 30 13.89

Spanish 3L Survg (IEO) 2003-2024 3L fg‘{)‘;pe'e“ 20 30 24.2731.9

DFO NL Multispecies Surveys i Campelen i

(DFO) 1995 - 2022 3LNO 1800 12.7 15 15-20

The data available for each VME Indicator taxon and the time period over which they were collected are
summarized in Table5.2. These were the qualitycontrolled data going into the analysis. However, the trawling
protocols from which the biomass data were collected differ in the type of trawl gear used, the mesh size of the
codend liner, wingspread for the trawl and trawl duration (Table5.1), all of which can affect the catch biomass
of the VME indicator taxa. Further, there have been vessel changes ie fianadian survey fleet (DFO, 2024).
The Canadian Coast Guard Ship (CCG@)fred Templemanwas decommissioned in 2008. In 2022, the CCGS
Alfred Needleland CCGS$eleostwere replaced with the new Offshore Fishaes Science Vessel sister ships CCGS
John Caboand CCGE&apt. Jacques CartiéDFO, 2024), with the CCGAlfred Needlerdecommissioned in 2023.

In addition to changing vessels, minomodifications to the standard Campelen 1800 survey trawl net and
footgear were completed in 2020, for use in the swey going forward. Consequently, the impacts of all of these
differences on the VME indicator biomass of the catch were statistically evaluated in order to determine which
data could be combined and which data should be separately analyzed (Kenchingtetnal., 2025). For most
taxa, only biomass records above a lovevel catch threshold were used as input to the KDE (Kenchingtaat
al., 2025).
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Table 5.2. Summary of the data inputs for consideration in the KDE analyses. These data record the
available data for each VME Indicator taxon. In some cases, subsets of the data were used in
the final KDE analyses to account for catchability differences in gear or tow duration (see
Results for each VMHEndicator taxon).

VME Indicator Period No. Records
Large-Sized Sponges 1995 - 2024 5505
Tetillidae 2011 - 2024 225
Polymastiidae 2011 -2024 686
Astrophorina 2011 -2024 475
Sea Pens 2005 - 2024 2790
Anthoptilum 2005 - 2024 1396
Balticina 2005 - 2024 740
Funiculina 2006 - 2024 450
Pennatula 2009 - 2024 529
Black Corals 2002 - 2024 418
Large Gorgonian Corals 2000 - 2024 332
Small Gorgonian Corals 2002 - 2024 911
Acanella arbuscula 2002 - 2024 620
Radicipes gracilis 2007 - 2024 162
Erect Bryozoans 2006 - 2024 874
Sea Squirts 2007 - 2024 389

iii) Results

The results of the KDE analyses are detailed in Kenchingtenhal. (2025) with supporting text, tables and figures
leading to the selection of the RV catch threshold to define the VMEs. Hehe results for the LargeSize Sponge
functional group and the sponge subgroups Tetillidae, Polymastiidae and Astrophorina are provided (Figure
5.8).

The analyses for the_arge-Sized Sponges functional group x AOA DAO&AI O AA T 1T c¢ctt AAOAE
Canadian records and 1567 E{$panish records). Following previously established methods and assessment
criteria, a kernel density surface was created, and the area of successive density polygons calculated. The
biomass surface is shown in Figur&.8 compared with the surface created from the 2019 analysis. The overall
locations of the VME polygons are the same and the largest density estimates are alscstimae (41.12 kg k).

The kernel density distribution identified sponge grounds on the southern portion of Flemish Pass to
southwestern Grand Bank, Beothuk Knoll, Sackville Spur and the east and southeast Flemish Ealbowing
previously accepted procedures for identifying thresholds (NAFO, 2013), the 100 kg/RV tow density threshold
was selected as defining significant concentrations of Larg®ized Sponges (i.e., sponge ground VME). The VME
polygons established with this threshold cover an area of 33144.Rm2. The threshold encompasses 865
records which is 38.5% of the data. This threshold is the same as that used in the 2019 analysis (Kenchington
et al., 2019).

Tetillidae Sollas, 1886is a family of marine sponges in the order Tetractinellida and class Demospongiae.
Tetillids are massive globular sponges, and in the NAFO Regulatory Area (NRA) they are especially common in
moderately sheltered areas with the maximum mixed layer depth ithe spring < 17 m (Murillo et al., 2024).
The total number of records was 225 (Tablé.2) and all were from the EU surveys as Canada only records
sponges as Porifera. There was no significant difference among the catch distributiobetween the Campelen
1800 and Lofoten trawl gears (Kenchingtoret al., 2025; Appendix Table A2), and so all 225 records were used

Northwest Atlantic Fisheries Organization www.nafo.int



22

in the analyses. A kernel density surface was created, and the highest biomass is found on the southeastern
slope of the Tail of Grand Bank and the 0.01 kg threshold was chosen to delimit the Tetillidae VME polygons
(Kenchingtonet al., 2025). Some of the Tetillidae VMEs overlap with the Largtized Sponge VMEs determined
above (Figure5.8), but the Tetillidae VME extends further north in Flemish Pass and there are three VME
polygons on the Tail of Grand Bank and one on Flemish Cap that are not presenhimltarge Sized Sponge VME
polygons (Figure5.8).

Polymastiidae Gray, 1867 is a family of demosponges found in the order Polymastiida. The species occurring
in the NAFO Regulatory Area are generally smallith papillae visible. Species distribution models indicated
that the Polymastiidae in the NAFO Regulatory Area are found in elevated areas with moderate changes of
surface salinity, with mean surface temperatures < 6°C and relatively stable bottom temgaure (Murillo et

al., 2024).Significant differences in the RV catch biomass due to differences asgted with gear type were
identified (Kenchington et al., 2025 Appendix Table A2). When all records less than 0.05 kg were removed,
there was no significant difference among the catch distributions between the Campelen 1800 and Lofoten

O0OAx1 CAAOO8 #1171 OANOGAT O1 Uh TT1T1 U OAAIKDHEaOalyseE @£238TheAET | AOO

highest biomass is found in Flemish Pass with high concentrations along the southeastern slope of the Tail of
the Grand Bank and the eastern slope of Flemish Cap.eTtistribution includes the sponge grounds, but also
some higher biomass presences in the shallow waters of Flemish Cap (Kenchinggbml., 2025).The bar charts
suggest that this taxon is weakly aggregated with each threshold increasing the area, however two potential
catch thresholds emerged as potentially indicating the VMEs and the 0.10 kg threshold was ultimately selected
for the Polymastiidae WE polygons (Kenchingtonet al., 2025). There is very little overlap between the
Polymastiidae VMEs and théarge-Sized Sponges VMESs determined above (Figuré.8), with the main area of
overlap in FlemishPass.

Astrophorina is a suborder of large, massive sponges in the class Demospongiae. Astrophorina was formerly
named Astrophorida, and classified as an order, but it is now recognised as a suborder of Tetractinellida.
Species distribution models for the NAFO Regulatory Area indicate that the Astrophorina are found in
depressed areas, with maximum values of primary productivity in summer > 900 mg C n% day?, minimum
surface temperature > 4°C, and stable environment of bottom temperatures (Murillet al., 2024).The total
number of records was 475 (Tables.2). There was no significant difference among the catch distributions
AAOxAAT OEA #AiI PAIT AT puynmmn AT A |1 £ OAT é&aA2035Apdnd0O0 £l O
Table A2), and so 410 records were used in the analys@he highest biomass is found in Flemish Pass and the
southeastern slope of Flemish Cap. The distribution follosthat of the sponge grounds (Figurés.8) which is

not surprising as this taxon is the primary constituent of the LargeSized Sponges VME Functional GroupThe

2.5 kgthreshold was selected to represent the Astrophorina VME polygons.

The analyses for theSea Penfunctional group considered 2790 sea pen records (288 from the Canadian
surveys and 2502 from the EU surveys); 577 more data points than were available for the last analysis
(Kenchingtonet al., 2019). When all records less than 0.3 kg were removed, there was no significant difference
among the catch distributions by tow duration with the Campelen 1800 gear, nor between the Campelen 1800
and Lofoten trawl gears, nor the Canadian research vess€Kenchingtonet al., 2025 Appendix Table A3). The
+$% AT AT UOAO xAOA DPAOA Ofhe A5 HgRV cighithreShbl® deEndddheIKPEVB 0 E C 8
polygons. Comparison of the KD&/ME polygons obtained from the 2019 KDE analyses (Kenchingten al.,
2019) shows a very high degree of congruence with the 2025 analysis (Figuge9). Only one VME polygon on
the eastern flank of Flemish Cap is slightly larger in the new analysiEhe resultant VME polygons cover an area
of 9408.6 kn? and are found in a horseshoe formation over Flemish Cap and on the Tail ¢fie Grand Bank
(Figure 5.9). They include 189 data points which is 59.4% of the data.

Anthoptilum is a genus of sea pens belonging to the family Anthoptilidae in the phylum Cnidaenthoptilum
grandiflorum (Verrill, 1879) is common on soft bottoms of Flemish Cap and the Tail tife Grand Bank where
they are found at depths of 200 to 1370 m (Altuna and Murillo, 2012) and believed to act as biogenic habitat
(Baillon et al., 2014).A second speciesdhnthoptilum murrayi (Kolliker, 1880), has a wide distribution, primarily

in the North Atlantic Ocean, but extending into the South Atlantic, aride Indo-Pacific. It has also been recorded

in the NAFO Regulatory Area by both EU and Canadian surveys, but only rarflizere were significant
differences among the catch series for each survey and differences in the number of small catch weights, likely
due to differences associated with gear type, tow length, survey area and sampling protocol. When all records
less than Q1 kg were removed, there was no significant difference among the catch distributions by tow
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duration with the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl gears, nor the

Canadian research vessels (Kenchingtat al., 2025 Appendix Table A4)The analyses were performed on 387
AAOAEAO | mn8p EC8 4EA 26 OEOAOETIT A OAI AAOGAA =9 OEAO A
Comparison of theAnthoptilum VME polygons with those of the Sea Pen Functional Group (Figird0) shows

a high degree of overlap, with most of the Sea Pen Functional Group polygons encompasdimose of

Anthoptilum.

Balticina is a genus of sea pens belonging to the family Balticinida@alticina was formerly called Halipteris,

but that name is no longer valid and has been synonymised undBalticina Gray, 1870When all records less

than 0.01 kg were removed, there was no significant difference among the catch distributions by tow duration

with the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl gears, nor Canadian research

vessels (Kenchingta et al., 2025 Appendix Table A5). Therefore, the analyses were performed on 596 catches

| m8mp EC8 4EA EECEAOO AEI 1 AOO AAT sprdBhitiee TalAtdefGra OT A 11
Bank in NAFO Division 30The KDE6 - % AAOAE OEOAOEIT | A5.19)AT@e polygms8 ontainE C | & EC
439 data points accounting for 74% of the data records fdBalticina. TheBalticina VMEs are generally larger

than that of the functional group and important areas on the eastern slope of Flemish Pass are not within the

boundaries of the Sea Pen Functional Group (Figue10).

Funiculina quadrangularis (Pallas, 1766) is one of the more common sea pens in the NAFO Regulatory Area,
occurring on Flemish Cap, in Flemish Pass and on the Grand Banks at depths ofB288 m. It is a tall sea pen

in the family Funiculinidae and can exceed 2 m in height. Thereane 450 records in the initial Funiculinadata

set used for the KDE analyses. However, there were significant differences among the catch series for each
survey associated with gear type and tow length (Kenchingtoet al., 2025 Appendix Table A6). When all
records less than 0.05 kg were removed, there was no significant difference among the catch distributions by
tow duration with the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl gears, nor the
CanadianreseahE OA OOAI 8 4AEAOAEI OAh 111U AAOAEAG@owkverntilistu EC x|
left very few records for the analyses (N=29) and so although the analysis was performed, it is anticipated that
new areas may emerge as more data is provided fature years.The threshold for FuniculinaVME was 0.10 kg.
The highest biomass densities were found othe Tail of the Grand Bank in NAFO Division 30 (Figu10). The
VME polygons contain 22 data points accounting for 76% of the data records fBuniculina. The Funiculina
VMEs have distinctive habitats from those of the Sea Pen Functional Group particularly in NAFO Division 30
(Figure 5.10).

Pennatula is a genus of sea pens in the family Pennatulidae. There are over 50 species worldwide, with
Pennatula aculeataDanielssen, 1860 andPtilella grandis (Ehrenberg, 1834) (formerly known asPennatula
grandis) common in and around the NAFO Regulatory Are@here were 529 records in the initialPennatula
data set used for the KDE analyses (Tab%2). However, there were significant differences among the catch
series for each survey associated with gear type (Kenchingtogt al., 2025 Appendix Table A7). When all
records less than 0.01 kg were removed, there was no significant difference among the catch distributions by
tow duration with the Campelen 1800 gear, nor between the Campelen 1800 anhdfoten trawl gears, nor
#AlT AAEAT OAOAAOAE OAOOAI 68 4EAOAEI OAh 111U AAOGAEAO I =
biomass densities were found on the Tail ahe Grand Bank in NAFO Division 3he 0.045 kg threshold was
seen as defining thePennatulaVME polygons (Figure5.10). There were 159 data points (significant and non
significant catches) within the PennatulaVME polygons, representing 72.3% of the data. THeennatulahas
significant concentrations outside of the area of the SeRen functional group, especially in the Flemish Pass
(Figure 5.10).

Black corals belong to the cnidarian order Antipatharia. Two species have been identified in the data provided
by the Contracting Parties in the NAFO Regulatory are8tauropathes arctica(Lutken, 1871) of the family
Schizopathidae, andLeiopathes cf. expansaf the family Leiopathidae, although more species have been
recorded in the area. Black corals are known for their exceptionally long lifespans, with some colonies having
lifespans of 100 to 4500 years, including species tkiopathegRoark et al., 2009). Antipatharia spp. are listed

in Appendix Il of CITES, meaning that trade in black corals requires CITES permits to ensure sustainability.
Species distributions models show that the Black Coral Functional Group is distributed in a ring around Flemish
Cap between about 400 and 600 m depth and in the deep slope waters below 1800 m (Murild al., 2024).
There were significant differences among the catch series for each survey associated with gear type
(Kenchington et al., 2025 Appendix Table A8) therefore, only catched 0.15 kg/RV tow were included in the
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KDE analysess EA AT A1 UOAO xAOA PAOAI O AA 11 xo AAOAEAO | m8puvu
in the Flemish Pass (Figures.11). The Black Coral Functional Group VME polygons were established with
AAOAEAO | m8t1 EC AT A AT 1 OAE tefesenting51i3%Eof D& data. OhedotaA &f A1 O Ol

the VME polygons for the Black Coral Functional Group overlap with those produced in 2019 (Figusel1)
except for the VME polygon in the Flemish Pass which is further to the south in the present analyses (Figure
5.11). This was examined in detail and arose through the addition of data to the south whiincluded the one
significant catch in the 2019 polygon.

The term "gorgonian coral" is commonly associated with species in the cnidarian order Scleralcyonacea that

produce a flexible skeleton composed of calcite and the proteinaceous material gorgonin. They are commonly

referred to as sea fans and can reach 5imheight. These species are typically found attached to hard substrate,

such as bedrock or a mixture of pebbles, boulders, and cobbl&heir large size and association with hard

substrates were factors considered in separating them from the Small Gorgami Corals (see below). There

were significant differences among the catch series for tHearge Gorgonian Coral functional group for each

survey associated with gear type (Kenchingtort al., 2025 Appendix Table A9). When all records less than

0.10 kg were removed, there was no significant difference among the catch distributions by tow duration with

the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl gears. Also, there were no
differences between research vessels in the Canadian dat&E R OA £ OAh 111 U AAOAEAO | n8
ET Al OAAA ET OEA +$% AT Al UOAO8 4EA Al ATheRY Adiches ADKy DAOAI O
delineated the VME polygonsThe VME polygons contain 67 data records, accounting for 68.4% of the data and

capture the high density areas irthe Flemish Pass (Figureb.11). The Large Gorgonian Coral VME polygons

overlap with those produced in the 2019 analyses (Figur&.11), at least for the larger polygons. Some of the

small VME polygons along the canyondads on the Tail othe Grand Bank should be considered for protection

as one of those has one of the higher density catches (Figird 1). The highest biomass densities were found

in the Flemish Pass and were very similar in location to those identified in 2019 (Figufe11).

Records for theSmall Gorgonian Coral Functional Group had significant differences among the catch series
for each survey associated with gear typeKenchingtonet al., 2025 Appendix Table A10). When all records
less than 0.02 kg were removed, there was no significant difference among the catch distributions by tow
duration with the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl gears. Further, at
this cut-off there were no differences among the vessels used in the Canadian data. Therefore, only catthes
0.02 kg/RV tow were included in the KOE analysegN= 279). The highest biomass densities were found in
NAFO Division 30 on the Tail ahe Grand Bank and were very similar in location to those identified in 2019
(Figure 5.12). The 0.065 kg/RV tow was selected as the threshold for identifying the Small Gorgonian Coral
VME polygons The Small Gorgonian Coral VME polygons cover an area of 13379.72land contain 199 data
points representing 71.3% of the data. The new KDE polygons match well with those from the 2019 analyses
in NAFODivision 30 onthe Tail ofthe Grand Bank (Figures.12). However, the new analysis which included 61
more data records in the creation of the KDE surface, identifielDE-VMEson Flemish Cap and irthe Flemish
Pass that were not in the previous analyses.

Acanella arbuscula (Johnson, 1862) is a small gorgonian coral belonging to the family Keratoisididae in the

order Scleralcyonacea. This species inhabits soft sediments in the northwest Atlantic and has an overall depth

range of 154800 m. There were significant differences among the catch series for each survey associated

with gear type (Kenchington et al.,, 2025 Appendix Table All). When all records less than 0.02 kg were

removed, there was no significant difference among the catch distributions by tow dation with the Campelen

1800 gear, nor between the Campelen 1800 and Lofoten trawl gears. Further, at this -aff there were no
AEE£EAOAT AAO AiiT1T¢c OEA OAOOATI O OOAA ET OEA #AT AARAEAT AA
ET Al OAAA ET OEA +3$% AT Al UOAO8 4EA AT ATTHg 0.84kg thrdstiofd DA O &l O
was selected to delineate théAcanella arbusculaME polygons. There were 118 data points both above and

below the catch threshold falling in those VME polygons, representirsy.8% of the data. They capture the high

density areas identified on the Tail ofthe Grand Bank (Figure5.12). All of theAcanella arbusculd/ME polygons

fall within the polygons created by the Small Gorgonian Coral Functional Group (Figusel2).

Radicipes gracilis (Verrill, 1884) is a small gorgonian coral belonging to the family Chrysogorgiidae in the
order Scleralcyonacea. It is found on soft sandy or muddy bottoms at depths from 500 to 3259 metrébere
were no significant differences among the catch series for each survey associated with tow duration or gear
type (Kenchingtonet al., 2025 Appendix Table A12), and so all of the data could be used in the analyses. As
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there were only four records from the Canadian surveys, and those were all from the same vessel (CGEDs)
differences among the vessels used in the Canadian data were not evaluated. The analyses were performed on
162 catchesThe highest biomass densities were found in NAFO Division 30 on the Taitleé Grand Bank, and

on Sackville Spur on Flemish Cafhe 0.004 kg/RV tow threshold was selected to represent th&adicipes
gracilis VME polygons. There are 76 data points within thRadicipes gracilisyME polygons comprising 46.9%

of the data. There is overlap with the Small Gorgonian Coral Functional Group VME polygons (FiguE2h
However, the Radicipes gracili/ME polygon inthe Flemish Pass extends beyond the functional group polygons
with a number of occurrences evident. Although the VME polygon in Division 30 lies partially outside the
functional group polygon there, the data points were inside or bordering the functional grqupolygon.

The VME Indicator listed in the NAFO Conservation and Enforcement Measures (NAFO, 2025) includes only
Eucratea loricata(Linnaeus, 1758) under theErect Bryozoan VME indicators, however as other species are
known to occur in the NRA the functional group level was maintaine@here were significant differences among
the catch series for each survey associated with gear type (Kenchingtet al.,, 2025 Appendix Table A13).
When all records less than 0.02 kg were removed, there was no significant difference among the catch
distributions by tow duration with the Campelen 1800 gear, nor between the Campelen 1800 and Lofoten trawl
gears. There were only 1Zanadian record above the threshold, and they were all from the CCGl8edler To
examine the vessel effect, all of the Canadian data were used to test the difference between the catcloas fr
the CCG8leedlerand theCCGSeleostand no significant differences were foundThe highest biomass densities
were found on the Tail ofthe Grand Bank and were very similar in location to those identified in 2019 (Figure
5.13). The VME polygons for the Erect Bryozoan Functional Group were established by the 0.2 kg/RV tow
threshold and 86 data points fell within the VME polygons, accounting for 48.6% of the data.

Although the sea squirts are listed athe Sea Squirt functional group , they are represented by a single species
Boltenia ovifera(Linnaeus, 1767)in the catches. This is species of ascidian tunicate in the family Pyuridae. It
is a solitary sea squirt with an orange, balshaped body up to eight centimetres long and attached by a long
stalk to the seabed. The stalk can be two to four times the length of the body. It @umonly called the stalked
tunicate. The NAFO Conservation and Enforcement Measuresallist Halocynthia aurantium(Pallas, 1787), or
sea peach, as a VME Indicator for this group, although they have not been identified in the trawl catchégre
were significant differences among the catch series for each survey associated with tow duratidfefichington

et al., 2025 Appendix Table A14). When all records less than 0.01 kg were removed, there was no significant
difference among the catch distributions. All tows were made with the Campelen 1800 gear. There were no

5232.8 kn® and captures the high density areas on the Tail ¢tiie Grand Bank and the Southeast Shoal (Figure
5.13), and includes73.2% of the dataln comparison with the VME polygons produced for this VME indicator
in 2019, the areas were very similar (Figuré.13), with the new analyses largely overlapping with the previous
one.

Data available for mappingthe location of the Tube-Dwelling Anemones included 31 records from the EU
(2007-2024). There were 6 new RV trawl survey records of the presence of Tulevelling Anemones provided
since the last update in 2019. All recordsvere identified to order Ceriantharia, and so the species composition

is unknown. Tubedwelling anemones were observed on several in situ photographic transects across the
Flemish Cap (Figure5.14). The lack of taxonomic details from the photographs and video evented the
identification of these organisms past the subclass level (Ceriantharia). However, these cerianthids were not
large, erect species, and do not appear to lRachycerianthus borealigVerrill, 1873), the only species listed as

a VME indicator by NAFO (2025). Dense fields of these cerianthids could occur in the southeast of the Grand
Bank in Division 30, north of the 30 Coral Area Closure, where most of the cerianthids were found fritve RV
surveys. These areas could be particularly important if their bioturbation activities significantly affect infaunal
community structure. Elsewhere they have been shown to enhance local species diversity and abundance in
featureless softbottom areas (Shepardet al., 1986).Similarly, the data from the RV surveys and NEREIDA rock
and scallop dredge samples were mostly identified to subclass (Ceriantharia) and may contain ARGME
cerianthid species, although data from the 2007 RV survey on the Grand Bank confirmed the presence of
Pachycerianthus borealist 140 m depth (Murillo et al., 2016). Figure5.14 shows the distribution of the data
available for the TubeDwelling Anemones.
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Data available for mappingthe location of Sea Lilies included 4 records from Canadian surveys (201:2017)

and 130 records from the EU (20062024). There were 33 new RV trawl survey records of the presence of Sea
Lilies since the last update in 2019 in addition to 19 records added to the data collected inZ®and earlier

that were added to the updated data sets by the data providers. All records were identified to class Crinoidea.
Crinoids are delicate organisms that are not welsampled by trawl nets alttbugh they are represented in the
catch (NAFO, 2013). The NEREIDA photographic transects provide in situ evidence for dense aggregations of
this VME indicator (Figure5.14). The stalked crinoidRhizocrinus lofotensisSars, 1868 formerly known as
Conocrinus lofotensisa VME indicator species, was observed in high abundances on the Sackville Spur, but was
completely absent from the Flemish Pass area (Kenchingtost al., 2019). Other VME indicator taxa are
Gephyrocrinus grimaldiiKoehler & Bather, 1902 andlrichometra cubensigPourtalés, 1869) (NAFO, 2025). It

is difficult to say what the composition of these catchewas. Figure5.14 shows the distribution of the data
available for the Sea Lilies.

iv) Conclusions

The data available for the kernel density analyses performed in 2025 drew on 2094 more records than the
analyses performed in 2019, with 84% of the data provided by the EU due to their more extensive spatial
coverage (Table5.3). The catch weight threshold, or cubff, to ensure comparable data amongst the surveys
was the same for 5 of the 7 VME Indicator groups, with the Sea Pen Functional Groupdafiincreasing by 0.1
kg to 0.3 kg/RV tow and the Black Coral decreasing to 0.15 kg from 0.2 kg/RV tow (Tlels.3). After application

of these catch cuoffs, there were 446 new records for the kernel density analyses across the groups (3560 in
total).

For the first time, KDE analyses were performed on subgroups of the Lar§ized Sponges, Sea Pens and Small
Gorgonian Corals. Corresponding species distribution models were also performed on these taxa (Murdtal.,
2024; Murillo et al., 2025). Before these assessments, there were insufficient data on the subgroups to warrant
such analyses. The purpose in doing this was to see whether basing protection decisions on the location of the
functional group VMEs afforded unequal protection taomponent taxa.

For the three subgroups of LargeSized Sponges (the families Tetillidae and Polymastiidae and the suborder
Astrophorina), the analyses showed that each had considerable overlap with the Lar@ézed Sponge
Functional Group (Figure5.8), ranging from 38.9% for the Polymastiidae to 69.9% for the Astrophorina (Table
5.4). There were areas irthe Flemish Pass, particularly in the north, and on the Tail dhe Grand Bank for the
Tetillidae and Polymastiidae that were not protected. Further, the Polymastiidae iparticular had 17 polygons
that did not overlap at all with those of the LargeSized Sponges Functional Group (Table5.4).

For the four genera of Sea PensAfthoptilum, Balticina, Funiculina, Pennatujathe analyses showed that
Anthoptilum had considerable overlap of its area with the Sea Pen Functional Group (78.6%; Tabld).
However, forBalticina, Funiculinaand Pennatulamost of their VME areas were outside of those of the Sea Pen
Functional Group (Table5.4, Figure5.10). For Pennatula there is a large VME polygon in the northern portion
of the Flemish Pass that is deeper thathe SeaPen Functional Group VME polygons, as well as one on the
eastern slope of the Tail othe Grand Bank (Figure5.10). TenPennatulapolygons had no overlap with the Sea
Pen Functional Group VME polygons (Tab4). We note that the KDE analyses &funiculinawas produced
from a relatively small data set (N=29) and is subject to change as more data are accumulated.
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Table 5.3.

Number of records from the Canadian and EU research vessel (RV) surveys used in the 2025,
2019 and 2013 assessments of the closed areas, by each of the 7 VME indicator functional

27

groups. Records used for the kernel density analyses are indicated in colummshowing
records above the RV catch threshold where data could be combined. Sponge=Lagjeed

Sponges; SGC=Small Gorgonian Corals; LGC=Large Gorgonian Corals; Bryozoan=Erect

Bryozoan.
Total
Canadian  EU 2 AAT OA

VME Canadian EU Total RV Catch 2AAT OA 2AAT OA Gear
Indicator Year  Records Records Records  Threshold Threshold Threshold Threshold
Sponge 2025 1074 4431 5505 0.5 kg 677 1567 2244
Sponge 2019 975 3415 4390 0.5 kg 618 1207 1825
Sponge 2013 553 2040 2593 0.5 kg 391 763 1154
Sea Pen 2025 288 2502 2790 0.3 kg 32 286 318
Sea Pen 2019 259 1954 2213 0.2 kg 54 376 430
Sea Pen 2013 183 1172* 1355 0.2 kg 35 227 262
SGC 2025 103 808 911 0.02 kg 59 220 279
SGC 2019 106 582 688 0.02 kg 62 156 218
SGC** 2013 87 317 404 0.02 kg 40 45 85
LGC 2025 86 246 332 0.1 kg 29 69 98
LGC 2019 83 200 283 0.1 kg 29 60 89
LGC 2013 42 153 195 0.1 kg 13 45 58
Bryozoan 2025 24 850 874 0.02 kg 12 165 177
Bryozoan 2019 21 768 789 0.02 kg 12 162 174
Bryozoan 2013 - 353*** 353 none - 353 353
Sea Squirts 2025 189 200 389 0.01 kg 188 181 369
Sea Squirts 2019 172 162 334 none 172 162 334
Sea Squirts 2013 - 88 88 none - 88 88
Black Coral 2025 20 398 418 0.15 kg 6 70 76
Black Coral 2019 20 260 280 0.2 kg 6 38 44
Total 2025 1784 9435 11219 1003 2557 3560
Total 2019 1636 7341 8977 953 2161 3114
Total 2013 865 4123 4988 479 1521 2000

*Misreported as 1127 in NAFO (2013). Totals corrected here. **In 2013 KDE analyses were performed for Divisions 3NO

and in 2019 the areas 3LMNO were combined. *** Misreported as 344 records in NAFO (2013). Totals corrected here.

For the two species of Small Gorgonian Coralscanella arbusculdell within the VME polygons for the Small
Gorgonian Coral Functional Group with very little area outside and alcanella arbuscula/ME polygons at least
partially overlapping with the Small Gorgonian Coral Functional Group VMEs (Tab%4, Figure5.12). For
Radicipes gracilistheir VME polygon areas overlapped with those of the functional group somewhat (23.8%),
but new areas were identified, especially ithe Flemish Pass, although onlywto small polygons do not overlap
to some extent with the functional group VME polygons (Tablg.4, Figure 5.12).
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Therefore, we conclude that for the majority of the subgroups, there is a large proportion of their VME area
that lies outside of their respective VME functional group and therefore should be taken into account when
evaluating closed areas and significanadverse impacts on VMEs in the NAFO Regulatory Area. Particular
attention should be paid to VME polygons of subgroups that have no overlap with their functional group VMEs
(Table5.4), as these may be distinct populations important to their respective corectivity networks.

v) Quantifying Cases for Rejecting a KDE Threshold

One of the evaluation criteria for determining the catch threshold which establishes a VME from the KDE
biomass surface is a rapid change in area as the contribution of isolated individuals over a broad area are
incorporated (Phase 3 in NAFO, 2013). Caséar rejecting the threshold other than the insufficient data
includes, among others, the joining of smaller polygons with little evidence for a continuous distribution within
the newly formed area and an increase in area established by creation of new ases very low density (NAFO,
2013). Previously, the maps of the increase in area and of the points contributing to that increase were visually
evaluated using, for example, the maps such as seen in Figuref Kenchingtonet al. (2025) for the Large Sized
Sponges Functional Group evaluations. However, this feature can be quantified as the ratio of the number of
additional points falling in the newly created area by the comparative threshold to the area of the newly created
area:

Number of additional catch records > catch threshold 1 falling within (A2)
(A2-A1)

where 1 is the biomass catch threshold (kg) being evaluated and 2 is the next successive smaller biomass catch
threshold 1 is being compared with, and A is area in KmMWGESA endorsed adding this calculation to future
KDE outputs to assist in the selection of RV catch thresholds representative of VMEs.
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Table 5.4. The areas for each of the Larg8ized Spongs, Sea Pen and Small Gorgonian Coral subgroups which overlap with that of their respective
functional group taxon are indicated (Common Area). The percentage of the common area of the subgroup area (VME Taxon Area) is
alsoindicated as well as the percentage of the subgroup area lying outside the functional group.

Percent Number of
VME Taxon VME VME
percent Area Taxon Taxon
VME VME Common :
Group Taxon Common Area of Outside Are_a Polygpns
VME Group VME Taxon Area VME Outside Outside
Area Area VME
(km 2) Group VME of VME
(km 2) (km 2) Taxon
Area (%) Area Group Group
(km 2) Area Area
(%)
Large-Sized Sponges 33144.2 Tetillidae 30029.3 16322.8 54.4 13706.5 45.6 5
Large-Sized Sponges 33144.2 Polymastiidae 11851.7 4608.5 38.9 7243.2 61.1 17
Large-Sized Sponges 33144.2 Astrophorina 29197.3 20414.2 69.9 8783.1 30.1 4
Sea Pens 9441.1 Anthoptilum 9305.7 7309.9 78.6 1995.8 21.4
Sea Pens 9441.1 Balticina 23141.3 8945.4 38.7 14195.9 61.3 5
Sea Pens 9441.1 Funiculina 2465.6 505.6 20.5 1960.0 79.5 1
Sea Pens 9441.1 Pennatula 10252.2 2899.4 28.3 7352.8 71.7 10
Small Gorgonian Corals  13379.7 Acanella arbuscula 4143.6 4130.7 99.7 13.0 0.3 0
Small Gorgonian Corals  13379.7 Radicipes gracilis 7078.7 1682.0 23.8 5396.7 76.2 2
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Tetillidae

Figure 5.8. Results of the KDE analyses for the Larggized Sponges functional group (upper row) showing the 2019 KDE biomass surface, the
2025 KDE biomass surface and the KB¥EME polygons from the 2025 (red) and 2019k{lue) analyses. The KDE/ME polygons for
the Tetillidae (A), Polymastiidae (B) and Astrophorina (C) subgroups are shown in red and compared with the 2025 KNEIE
polygons for the LargeSized Sponges functional group (blue). Areas in each where the subgroup has large areas outside of the
functional group are indicated in black.
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Figure 5.9. Results of the KDE analyses for the Sea Pen functional group showing the 2019 KDE biomass surface, the 2025 KDE biomas® surfa
and the KDEVME polygons from the 2025 (red) and 2019{lue) analyses.
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Figure 5.11.  Results of the KDE analyses for the Black Coral functional group (upper row) and Large Gorgonian Coral functional group (fowe

row) showing the 2019 KDE biomass surface, the 2025 KDE biomass surface and the RIME polygons from the 2025 (red)
and 2019 (blue) analyses.
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Small Gorgonians

Figure 5.12.  Results of the KDE analyses for the Small Gorgonian Coral functional group (upper row) showing the 2019 KDE biomass surface,
the 2025 KDE biomass surface and the KENBME polygons from the 2025 (red) and 2019 (black) analyses. The KBAVE
polygons for Acanellaarbusculaand Radicipes graciliglower row) subgroups are shown in red and compared with the 2025
KDEVME polygons for the Small Gorgonian Coral functional group (blue). Areas in each where the subgroup has large areas
outside of the functional goup are indicated in black.
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Figure 5.13.  Results of the KDE analyses for the Erect Bryozoan functional group (upper row) and Sea Squstl{enia oviferg functional
group (lower row) showing the 2019 KDE biomass surface, the 2025 KDE biomass surface and the RIME polygons from the
2025 (red) and 2019 (blue) analyses.
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Figure 5.14.  Upperrow. Presence ofSea Lilieson video and photographic transects collected from
the Flemish Cap area in 2009 and 2010 (Left). Relative biomassGrinoideacollected
during the NEREIDA surveys between 2002010 using a rock dredge (red) and EU
Spain research trawl surveys between 200&€024 (yellow) (Right). Lower row .
Presence of TubeDwelling (Ceriantharia) Anemones on video and photographic
transects collected from the Flemish Cap area in 2009 and 2010. Right panel. Relative
biomass of Ceriantharia colleted during the NEREIDA surveys between 2062010
using a rock dredge (red) and EtEpain research trawl surveys between 2002024
(green).
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However, KDE does not take into account environmental variables which can be important determinants of
distribution. To address this issue, species distribution models (SDMs), using a common set of environmental
variables were performed for the seven VMHEIhctional groups (Large-Sized Sponges, Sea Pens, Small and Large
Gorgonian Corals, Erect Bryozoans, Sea SquirBoftenia oviferg, and Black Corals) (Murilloet al., 2024
Murillo et al., 2025). Subgroups of some of the VME functional groups had suffidielata to warrant application

of both the SDM and KDE analyses (Murillet al., 2024, Murilloet al., 2025, Kenchingtoret al., 2025). These
included two families and onesuborder of sponges (Tetillidae, Polymastiidae, Astrophorina), four sea pen
genera Balticina, Funiculina, Pennatula and Anthoptilum) and two species of small gorgonian coralAcanella
arbusculaand Radicipes graciliy The correspondence between the KBDBenerated VME polygons and areas of
predicted occurrence derived from species distthution models (SDM) was examined and used to modify the
polygons to eliminate areas where the taxon was not predicted to occur (as was done previously; NAFO, 2015
NAF02019). Of the 16 VME Indicator taxa, 10 had modifications to one or more of their polygons (Kenchington
et al., 2025b). These were reviewed in WE&SA and here those polygons which were modified are detailed. No
modifications were made to the Sea Pen functional group, the sea pen subgroBagticina and Funiculina, the
Black Coral functional group, the Large Gorgonian Coral functional group and the small gorgonian coral
Acanella arbusculaFor those groups the KDE/ME polygons are as described elsewhere in this report and in
detail in Kenchingtonet al. (2025a).

Lastly, the effectiveness of the closed areas was assessed by examining the proportion of VME polygon area
(km2) derived from the kernel density biomass surfaces under protection. These metrics may serve as potential
indicators of the status and longterm trends of the VMEs and the management measures in place to protect
them, and will be used to inform the ecosysim overview summary sheets.

i) Overlay of Species Distribution Models (SDMs) with VME Polygons from the KDE Analyses

The SDMs predicting the probability of presence for each VME indicator taxon were built using Random Forest
classification models (Murilloet al., 2024; Murillo et al., 2025). Random Forest is an ensemble method, where

a large number of decision trees (in this case, 500 per model) are built using random subsets of the data

(Breiman, 2001; Cutleret al., 2007). Each model was run 10 times and the final model output was based on the

iTO0 AEOANOGAT Ol U POAAEAOGAA Al AOGO | E@ADAIGA ATA KOG AN AMA G
01 OEA DPOIi Bl OOET1T 1T &£ T AOGAOOAA DPOAOGAT AAO AT OOAAOI U DPOA/
absences correctly predicted. Binary presence/absence maps were created by using a threshold optimised to

ensure that resulting Sensitivity and Specificity are afforded equal weight (Sensitivity=Specificity) to detection

of presence and absence, minimising both falggositives and falsenegatives to the same degree.

To assess the reliability of tlose predictions, we generated two types of confidence map layers:

1. Frequency of the dominant class (N/10): This shows how many times the most common class
(presence or absence) was predicted out of the 10 runs. For example, a value of 0.6 associated with
presence areas, means that presence was predicted in 6 out of 10 runs, but an absence was predicted
in the remaining 4.

2. Average probability of the maximum frequency class: This calculates the mean probability of the most
AOANOGAT O A1 AGO AAOT 0O All pm OO1 68 4EEO OAI OA OAM A
whether it is presence or absence. Values ranging from 1 to 0 indicate the average probability over all
10 SDM model runs of the most frequent class (either presence or absence), indicating how confident
the model is in its dominant prediction. Values close to 1 indicate that the model consistenfredicted
the same class (presence or absence), reflecting high reliability. Lower values (e.g., 0.37) indicate
inconsistency and higher uncertainty, possibly corresponding to transition or environmental
extrapolation zones where data is scarce or less representative.

These values help assess the reliability of predictions for conservation decisienaking. Importantly, high
certainty can apply to both presence and absence predictions. Although both maps are similar, we chose to use
the average probability of the maximunfrequency class (i.e., presence or absence) from the 10 cresalidation

runs to illustrate model uncertainty. Areas with lower average probability within the same class can be
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interpreted as areas of higher uncertainty.In the full report (Kenchington et al., 2025b) four maps are
presentedin two figures to illustrate this uncertainty (e.g., Figures 3 and 4f Kenchingtonet al., 20258. In the
first figure the map of average probability of the maximum frequency class is presented as in the SDM reports
(Murillo et al., 2024; Murillo et al., 2025). In the same figure the predicted presence area from the SDM with a
30% transparent overlay showing areas where the SDM predicts presenég shown to indicate where the
probabilities are associated with predicted presence. In the second figure only the probabilities for when the
maximum frequency class = absence in the first map and an accommnying panel of the figure,only the
probabilities for when the maximum frequency class = presence in the second mape shown(Kenchingtonet

al., 2025h. These two figures present the same information in different ways to facilitate decision making.

Additionally, areas of model extrapolation (univariate and combinatorial) were identified to support decision
making. These are regions where the model predicts habitat suitability outside the range of environmental
conditions used to train the model, andherefore may yield unreliable or less reliable predictions. Where the
KDEVME polygon reached beyond the spatial extent of the SDMs generally the area was not clipped as there
was no basis to do sdn one case the extension was clipped and an explanatiprovided (Large-Sized Sponges
functional group, see below). Some polygons crossed the NAFO Regulatory Area (NRA) into the Canadian EEZ
and those were also modified back to the EEZ boundary.

i) Work Flow

Following previously established procedures (NAFO, 2015) the VME polygons produced from the KDE analyses
(Kenchington et al., 2025a) were overlain on these maps to review whether any of the polygons warrant
trimming to reflect their predicted habitat distribution. In the last assessment, modifications were made to the
Large-Sized Spongesand the Large Gorgonian Coral Functional Groups (Kenchingtehal., 2019).The polygons

as a group were assessed against the appropriate presence/absence SDM and polydgbas merited closer
examination flagged. Those were then examined close up using the SDM uncertainty maps along with the
underlying data (RV catches) and modifications were proposed. The explanation for the modifications were
provided in the accompanying éxt.
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The steps followed to reach a decision on modifications to the KDE VME polygons were:

Review KDE VME polygons (Kenchington et al., 2025) with their associated
% SDMs (Murillo et al., 2024; 2025)

1 Identify polygons that cross into the Canadian EEZ

1 Identify polygons that have large overlap with areas of predicted absence

Ne
b

Zoom in on identified polygons and evaluate uncertainty in the SDM models
1 Identify polygons that overlap with areas where there is a high probability of
predicted absence

Propose modifications to the VME polygons
1 Clip polygon edges to areas where there is a high probability of predicte
presence
1 Clip polygon edges to the border with the Canadian EEZ

Y O

Map the proposed modifications to the VME polygons

1 Map the locations of the VME polygons including ones that have bes
modified and ones that have not

9 Calculate the area of each polygon

S~ 5]

Document decisions
1 Document the changes and the rationale followed in making th
modifications

How are decisions made?
91 Decisions are made by balancing empirical evidence with predictive model

iii) Evaluation of the Effectiveness of the NAFO Closed Areas

In order to evaluate the effectiveness of the closed aredke proportions of the total VME polygon areas located
inside and outside the NAFO closed areas, based on the VME polygons delineated in the 2019 and 2025
assessmentavere calculated. Here we summarize the decisions agreed to in VESA for modification of some

of the KDEVME polygons.

iv) Modifications to the Large-Sized Sponges VME Polygons

Most of the Large-Sized Sponges Functional Group KDE VME polygon areas extended into areas of predicted
sponge absence, the exception being the polygons in the vicinity Afea closures 3 and 13 on Beothuk Knoll
(Kenchingtonet al., 20258. Modifications were madefor Areaclosuresl, 2, 5, 6 and 10 as follows:

Area 1. The LargeSized Sponges Functional Group KDE VME polygon in the vicinity &rea closure 1 extended
into areas of predicted absence (Figur®.15, Left Panel) on its shallower western boundary. The SDM model
for this group did not extend into the deep waters at the eastern boundary of the KDE polygon, and there were
no sponge catches at those depths, consequently no information was available foogk depths. On the eastern
boundary of the KDE the probability of sponge absence was low adjacent to ¢harea of predicted presence
(Figure 5.15, Right Panel). Consequently, the modifications follow the area of predicted presence and extend to
the region of high certainty of sponge absence (Figui15) on the eastern boundary. On the western boundary
the modification smooths out the area of predicted presence and cutdff some of the deeper extensions of the
polygon, which were created from the search radius of the KDE analyses and not from the presence of sponge
in the catch.This was done for this polygoras no independent data were available to confirm sponge presence
at depth in those areas in this region.

Area 2. The Large Sized Sponges Functional Group KDE VME polygon in the vicinity dfrea closure 2 extended
into areas of predicted absence on its north eastern edge and into the Canadian EEZ on its south western edges
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(Figure 5.16, Left Panel). Some of the area of predicted Lar@zed Sponges Functional Group absence had high
uncertainty (low probability; Figure 5.16, Right Panel). The modifications were to clip the south western
portion of the polygon to the EEZ boundary and to clip the north eastern edge to the region of high certainty of
sponge absence (Figur&.16; Right Panel).

Area 5. The LargeSizeal Sponges Functional Group KDE VME polygon in the vicinity of area closure 5 included
areas of predicted absence along its eastern edges (Figlsel7, Left Panel). The lower eastern portion of the
polygon extended outside of the spatial extent of the SDM. Figusel 7 (Right panel) shows that there are areas
where the predicted absence is highly uncertain. In some areas the areas of low probability of predicted
absence are abutted by areas of predicted presence. This indicates that the model is not performing well at
those edges. The modificationsvere to Area closure 14b and the other following the boundary that the 2019
KDE polygon was clipped to which we can now see has areas of lower probability of sponge absence. As the
western boundary of the polygon was not modified in 2019no changes in this iterationwere madeto that
segment. One polygon including the area of predicted presence and area closapdit the lower end of the
polygon into two.

Areas 6 and 10. The LargeSized Sponges Functional Group KDE VME polygon in the vicinity dfrea closures

6 and 10 was lobed, with a single polygon capturing both of the two separate polygons established in the 2019
analyses. The polygon extends from Sackville Spur onto the Northwest slope of Flemish Cap. It includes large
areas of predicted abseoe that was predicted with high certainty (Figures.18, Right Panel). The modifications
separate the single polygon into two. One following the areas of predicteponge presence running parallel to
Sackville Spur and closely abuttingirea closure 6 (Figure5.18). This was similar to the modification made in
2019 (Figure 5.18). The second polygon was created from the lobe that included most of tieea closurel0
(Figure 5.18) and cut from the original polygon at its northern edgedllowing the area of predicted presence.
This polygon includes all of the smaller polygon identified in 2019. A third Larg8ized Sponges Functional
Group KDE VME polygon was identified lib in 2025 and 2019 to the east of Areeclosure 10 and no
modifications were madeto that area.
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Figure 5.15.

Area 1. Left Panel. Map of the modification (solid red line) of the 2025Large-Sized Sponges KDE VME polygon (red dashed

lines) near Area 1 in relation to the 2019 accepted KDE VME polygon (solid black line) and showing the underlying SDM (brown

area showing predicted presence oLarge-Sized Sponges).Right Panel. Map of the modification (solid red line) of the 2025

Large-Sized Sponges KDE VME polygon (red dashed lines) near Area 1 in relation to the 2019 accepted KDE VME polygon (solid

black line), and showing the averag probability of the maximum frequency class foabsence values from 10 SDM runs for the

Large-Sized Sponges Functional Group (Murilloetal8h ¢mc¢t Q8 #1171 OAA AOAAO AOA ET AEAAOAA EI
threshold for the KDE analyses, and all other catches with < 100 kg are shown.
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Figure 5.16. Area 2. Left Panel. Map of the modification (solid red line) of the 2025 Largtized Sponges KDE VME polygon (red dashed lines) near Area
2 in relation to the 2019 accepted KDE VME polygon (solid black line) and showing the underlying SDM (brown area showing preedi
presence of LargeSized Sponges). Right Panel. Map of the modification (solid red line) of the 2025 Lar§&zed Sponges KDE VME polygon
(red dashed lines) near Area 2 in relation to the 2019 accepted KDE VME polygon (solid black line) and showing the averagbatility
of the maximum frequency class for absencealues from 10 SDM runs for the LargeSized Sponges Functional Group (Murillo et al., 2024).
#1171 OAA AOAAO AOA ET AEAAOAA ET COAU OEAAETI ¢c8 #AOAEAO IthvE 100kparen ECh
shown.
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Figure 5.17.  Area 5. Left Panel. Map of the modification (solid red line) of the 2025Large-Sized Sponges KDE VME polygon (red dashed
lines) near Area 5 in relation to the 2019 accepted KDE VME polygon (solid black line) and showing the underlying SDM (brown
area showing predicted presence ofarge-Sized Sponges).Right Panel. Map of the modification (solid red line) of the 2025
Large-Sized Sponges KDE VME polygon (red dashed lines) near Area 5 in relation to the 2019 accepted KDE VME polygon (solid
black line) and showing the averag@robability of the maximum frequency class fombsence values from 10 SDM runs for the
Large-Sized Sponges Functional Group (Murilloetal8h ¢mc¢t q8 #1 1 OAA AOAAO AOA ET AEAAOAA EI
threshold for the KDE analyses, and all other catches with < 100 kg are shown).
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Figure 5.18.  Areas 6 and 10. Left Panel. Map of the modification (solid red line) of the 2025Large-Sized Sponges KDE VME polygon (red
dashed lines)near Areas 6 and 10 in relation to the 2019 accepted KDE VME polygon (solid black line) and showing the
underlying SDM (brown area showing predicted presence of Larg8ized Sponges). Right Panel. Map of the modification (solid
red line) of the 2025 LargeSizal Sponges KDE VME polygon (red dashed lines) near Areas 6 and 10 in relation to the 2019
accepted KIE VME polygon (solid black line) and showing the average probability of the maximum frequency class for absence
values from 10 SDM runs for the Larg&ize Sponge Functional Group (Murillo et al., 2024). Closed areas are indicated in grey
OEAAET ¢c8 #AOAEAO T £ | pnn ECch OEA OEOAOEIT A &I O OEA +3% AT Al UC
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The modifications would produce nine LargeSized Sponges Functional Group KDE VME polygons (Figure
5.19).

\
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Canadian EEZ
[ Fishing Footprint _%
f NPy | Closed Areas v
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50°W 48°W 46°W 44°W
Figure 5.19. Map of the LargeSized Sponges VME polygons (red line) after consideration of
modifications based on the SDM for Larg8ize Sponges (Murilleet al., 2024), and in
relation to the 2019 accepted KDE VME polygons (black line). Closed areas are
indicated in white (NAFO, 2025).

v) Modifications to the Tetillidae Sponge VME Polygons

The Tetillidae subgroup of LargeSized Sponges was not presented in the 2019 review (Kenchingtoet al.,
2019) as there were insufficient data to conduct the KDE analyses at that time. Modificatiowgre made for
the large polygon nearAreas 1, 2, and 11 and for Area 10 as follows:

Areas 1, 2 and 11.The large convoluted KDE VME polygon for the Tetillidae Sponges crossed into the Canadian
EEZ at its western boundary and alstransversed areas of high probability of sponge absence (Figure.20).
The polygonwas clipped to the EEZ boundary at those locations and to the approximate area of predicted
presence along its western and northern edges (Figure20). No changesvere madeto the western boundary
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at this time as the area in the northwest is fragmented and although the probability of predicted absence is high

there are adjacent areas of predicted presence that have a low probability (Figube20) but are nevertheless

uncertain. Further, the kappa statistic for the SDM was only fair anthe 4 33 OCI | A6h ET AEAAOQET
performance could be improved in future with more response data (Murilleet al., 2024).

Area 10. The polygon in the vicinity of Areaclosure 10 also straddles parts of Arealosures12 and 9 (Figure
5.21). The area of predicted presence is patchy in this region and the adjacent areas of predicted absence are
shown with high probability (Figure 5.21; Right Panel). Due to the patchy nature of this area and above noted
model performance we have clipped this polygon to the edgesf the areas of predicted presence (Figurg.21).

The modifications would produce 15 Tetillidae Sponge KDE VME polygons (Figle22).
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Figure 5.20.

Areas 1, 2 and 11. Left Panel. Map of the modification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red

dashed lines) and showing the underlying SDM (brown area showing predicted presence of Tetillidae Spong&sght Panel.

Map of themodification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red dashed lines) near Areas 1, 2 and

11 in relation to the average probability of the maximum frequency class f@absence valuesfrom 10 SDM runs for the Tetillidae

Sponges (Mrrillo eta8h ¢m¢gt1 8 #1171 OAA AOAAO AOA ET AEAAOAA ET COAU OEAAET C8
and all other catches with < 0.01 kg are shown.
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Area 10. Left Panel. Map of the modification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red dashed lines)
and showing the underlying SDM (brown area showing predicted presence of Tetillidae SpongeR)ght Panel. Map of the
modification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red dashed lines) near Area 10 in relation te th
average probability of the maximum frequency class foabsence values from 10 SDM runs for the Tetillidae Sponges (Murillo

etald h
catches with < 0.01 kg are shown.
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Figure 5.22.  Map of the Tetillidae Sponge VME polygons (red outline) after consideration of

modifications based on the SDM for Tetillidae Sponges (Murillet al., 2024). Closed
areas areindicatedin white (NAFO, 2025).

52°W

vi) Modifications to the Polymastiidae Sponge VME Polygons

The Polymastiidae subgroup of LargeSized Sponges was not presented in the 2019 review (Kenchingtaet al.,
2019) as there were insufficient data to conduct the KDE analyses at that time. Of thesmdifications were
made to the polygon neaArea closures5 and 14h

Areas 5 and 14b. The modifications to the Polymastiidae Sponge KDE VME polygarthis regioninclude parts
of two closure areas (Area 5 and Area 14b)rhis polygonwas split into two, clipping out the area of predicted
absence that is modeled with high probability of absence in that region (Figu23).

The modifications would produce 24 Polymastiidae Sponge KDE VME polygons (Figure 5.24).
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Figure 5.23.  Areas 5 and 14b. Left Panel. Map of the modification (solid red line) of the 2025 Polymastiidae Sponge KDE VME polygon (red
dashed lines) and showing the underlying SDM (brown area showing predicted presence of Polymastiidae Spongegght
Panel. Map of the modification (solid red line) of the 2025 Polymastiidae Sponge KDE VME polygon (red dashed lines) near
Areas 5 and 14b in relation to the average probability of the maximum frequency class fabbsence values from 10 SDM runs
for the Polymastiidae Sponges (Murill@t al., 20248 #1 1 OAA AOAAO AOA ET AEAAOGAA ET COAU OEA
for the KDE analyses, and all other catches with < 0.1 kg are shown.
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Figure 5.24.  Map of the Polymastiidae Sponge VME polygons after consideration of modifications
based on the SDM for Polymastiidae Sponges (Murilé al., 2024). Closed areas are
indicated in white (NAFO, 2025).

vii) Modifications to the Astrophorina Sponge VME Polygons

The Astrophorina subgroup of LargeSized Sponges was not presented in the 2019 review (Kenchingtaet al.,
2019) as there were insufficient data to conduct the KDE analyses at that tinfedoser examinationwas made
of the polygons in the vicinity of Areaclosuresl, 2, 56,7,and 13.

Area 1. The Astrophorina Sponge KDE VME polygon that encompasses Area 1 was clipped on its northwestern
edge to the edge of the predicted presence from the SDM (Fig25). This area of absence was very certain
with an associated high probability.

Area 2. The Astrophorina Sponge KDE VME polygon in Flemish Pass overlays the closure Area 2 (Fi§LZ6).

It extends across the Canadian EEZ at its southwestern boundary but mostly follows areas of predicted sponge
presence. Small modifications are suggested as illustrated in FiguBe26 to exclude areas where the SDM
predicts absence with high probability.

Area 5. Two Astrophorina Sponge KDE VME polygons include portions of Area 5 in their extents (Fig&x27).
Both largely overlapped with the area of predicted Astrophorina Sponge presence, but modifications were
made to exclude areas where the SDM predicts absence with high probability.

Areas 6 and 10. Two Astrophorina Sponge KDE VME polygons include portions of Aretbsures6 and 10 in
their extents (Figure5.28). The one that includes Area 6 has almost half of its extent in the area where the SDM
predicts absence with high probability and where there are no smaller catches to indicate recovery potential.
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This is an area of heavy fishing activity (Kenchingtoet al. 2019), which may explain theobserveddistributions.
The other polygon captures much of Area@losure 10 and some of Areaclosure 9 and has smaller portions
extending into the area where the SDM predicts absence with high probability. Both areas were clipped to the
boundary of the predicted presence of sponge from the SDM

Area 13. The polygon which included large parts of Arealosure 13 (Figure 5.29) included some areas where
the SDM predicts absence with high probability (Figur&.29). As for the other polygonsthe area was clipped
to the boundary of the predicted presence of sponge from the SDM

The modifications would produce 14 Astrophorina Sponge KDE VME polygons (Figig&0).
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Figure 5.25.  Area 1. Left Panel. Map of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed
lines) and showing the underlying SDM (brown area showing predicted presence of Astrophorina Spongd’ight Panel. Map
of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines) near Area 1 in refati
to the average probability of the maximum frequency class fabsence valuesfrom 10 SDM runs for the Astrophorina Sponges
(Murillo etal., 2024). Closedarec@ AOA ET AEAAOAA ET COAU OEAAEIT C8 #AOAEAO 1T A& 1 ¢
other catches with < 2.5 kg are shown.
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Figure 5.26.  Area 2. Left Panel. Map of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed

lines) and showing the underlying SDM (brown area showing predicted presence of Astrophorina Spongedgight Panel. Map

of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines) near Area 2 in relation

to the average probability of the maximum frequency class fabsence values from 10 SDM runs for the Astrophorina Sponges

(Murilo etalBh ¢m¢gtqs8 #1171 OAA AOAAO AOA ET AEAAOAA ET COAU OEAAEIT C8 #A
other catches with < 2.5 kg are shown.
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Figure 5.27.  Area 5. Left Panel. Map of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed
lines) and showing the underlying SDM (brown area showing predicted presence of Astrophorina Spongedgight Panel. Map
of the modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines) near Area 5 in relation
to the average probability of the maximum frequency class fabsence values from 10 SDM runs for the Astrophorina Sponges
(Murillo etalBh ¢m¢t Q8 #1171 OAA AOAAO AOA ET AEAAOAA ET COAU OEAAEI C8 #A
other catches with < 2.5 kg are shown.
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