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Abstract

In support of the 2027 NAFO review of the closed areas to protect vulnerable marine ecosystems (VMES) in the
NAFO Regulatory AregNRA), kernel density estimation analyses (KDE) of Large&dzed Sponges, Sea Pens,
Small and Large Gorgonian Corals, Erect Bryozoans, Sea SquiBsltenia oviferg, and Black Corals were
undertaken in 2025 using all available research vessel survepiomass data (1995 z 2024). In addition,
subgroups of some of the VME functional groups had sufficient data to warrant application of KDE analyses.
These included two families and one order of sponges (Tetillidae, Polymastiidae, Astrophorina), four sea pen
genera (Balticina, Funiculina, Pennatul and Anthoptilum) and two species of small gorgonian coralAcanella
arbusculaand Radicipes graciliy. For each of these VME functional groups and subgroups, updated species
distribution models (SDMs) were also performed using @ommon suite of environmental indicators. These
SDMs produced predicted distributions and associated uncertainty. Here, the SDM models are used to
determine whether the VME polygons from the KDE analyses fall into areas of predicted taxon presemgbere
such was not the case, adjustments to the polygon areaare proposed based on SDM resultsfollowing
previously established protocols forpolygon trimming. In 2019, adjustments were made to the Larg&ized
Sponges and Large Gorgonian Corals. The effectiveness of the closed areas was assessed by examining the
proportion of the final VME polygon areas protected for each VME indicatorfunctional group and subgroup
The results of those analyses were compared with those previously conducted in 2019
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Introduction

Kernel density estimationanalyses(KDE) uses spatially explicit data to model the distribution of a variable of
interest. It is a simple nonparametric neighbour-based smoothing function that relies on few assumptions
about the structure of the observed data. It has been used in ecology to identifiotspots, that is, areas of
relatively high biomass/abundance. With respect to marine benthic invertebrate species, it was first applied to
the identification of significant concentrations of sponges in the NAFO Regulatory Area in 2009 (Kenchington
et al., 2009) followed by an application to sea pens (Murillo et al., 2010). Since then it has been used to identify
significant concentrations of corals, sponges and other VME indicators from research vessel (RV) trawl survey
catch data in both Canada (Kenchgton et al., 2016) and in the NRA (NAFO, 291Kenchington et al., 209;
Kenchington et al., 2025.

However, KDE does not take into account environmental variables which can be important determinants of
distribution. To address this issue, species distribution modeléSDMs) using a common set of environmental
variables were performed for the seven VME functional groups (Larggized Sponges, Sea Pens, Small and Large
Gorgonian Corals, Erect Bryozoans, Sea Squirt8oftenia oviferg, and Black Corals) (Murillo et al., 2024,
Murillo et al., 2025). Subgroups of some of the VME functional groups had sufficient data to warrant application
of both the SDM and KDE analyses (Murillo et al., 2024, Murillo et al., 2025, Kenchington et al., 2025). These
included two families and one order of sponges (Tetillidae, Polymastiidae, Astrophorina), four sea pen genera
(Balticina, Funiculina, Pennatulaand Anthoptilum) and two species of small gorgonian coralcanella arbuscula
and Radicipes graciliy Thecorrespondencebetween the KDEgenerated VME polygons and areas of predicted
occurrence derived from species distribution models (SDM) asexamined, and used to modify the polygons to
eliminate areas where the taxon was not predicted to occur (as was done previously; NAFO, 202619).

Lastly, the effectiveness of the closed areas was assessed by examining the proportion of \pgon area
(km?2) 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 ecosystim overview summary sheets.

Methods

Overlay of Species Distribution Models (SDMs)with VME Polygonsfrom the KDE Analyses

The SDMs predicting the probability of presence for each VME indicator taxon were built using Random Forest

classification models (Murillo et al., 2024; Murillo et al., 2025) Random Forest is an ensemble method, where

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

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

most frequently predicted class(presence/absence)across thoseO 0T 08 EQEDIUGED® £ OEA 11 AAT A
to the proportion of observed presences correctly predicted as sucwhile 03 PAAE £ZEAEQOU8 EO OEA
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 falsenegativesto the same degree

To assess the reliability of these 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 10ns, 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 & AT AOO AAOIT OO0 All pm OO0O1 08 4EEO OAI OA OAmEI AAOGO
it is presence or absenceValues 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 caistently predicted the same class (presence

or absence), reflecting high reliability. Lower values (e.g., /3 indicate inconsistency and higher uncertainty,
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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 decisioreking.
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 maximum frequency class (i.e.,
presence or absence) from the 10 crosgalidation runs to illustrate model uncertainty. Areas with lower
average probability within the same class can biaterpret ed asareas ofthigher uncertainty. We present 4 maps
in two figures to illustrate this uncertainty (e.g, Figures 3 and 4. In the first figure the map of average
probability of the maximum frequency class is presented as in the SDM repsitMurillo et al., 2024; Murillo et
al., 2025). In the same figure we show the predicted presence area from the SBith a 30% transparent
overlay showing areas where the SDM predicts present@indicate where the probabilities are associated with
predicted presence (ight panel in this figure). In the second figure we show only the probabilities for when the
maximum frequency class = absence in the first mafleft panel) and only the probabilities for when the
maximum frequency class = presence in the seid map (right panel). These two figures present the same
information in different ways to facilitate decision making.

Additionally, areas of model extrapolation (univariate and combinatorial) were identified tosupport decision-
making. These are regions where the model predicts habitat suitability outside the range of environmental
conditions used to train the mode] and therefore may yieldunreliable or less reliablepredictions. Where the
KDEVME polygon reached beyond the spatial extent of the SDNgenerally the area was not clipped as there
was no basis to do so.

Following previously established procedures (NAFO, 2015he VME polygons produced from the KDE analyses
(Kenchington et al., 2025) 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-Size Sponge and the Large Gorgonian Coral Functional Groups (Kenchington et al., 2018¢. 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)

® P ® 1 Identify polygons that cross into the Canadian EEZ
'-‘ 9 Identify polygons that have largeoverlap with areas of predicted absence

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

1 Clip polygon edges to areas where there is a high probability of predicted
presence
1 Clip polygon edges to the border with the Canadian EEZ

ﬁ Propose modifications to the VME polygons

Map the proposed maodifications to the VME polygons

1 Map the locations of the VME polygons includingnes that have been
modified and ones that have not

1 Calculate the area of each polygon

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

How are decisions made?
1 Decisions are made by balancing empirical evidence with predictive models
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Evaluation of the Effectiveness of the NAFO Closed Areas

In order to evaluate the effectiveness of the closed areage examinedthe proportions of the total VMEpolygon
areas located insideand outside theNAFOclosed areasbased on thevMEpolygons delineated in the 2019 and
2025 assessmentsi-or the areabased calculationave used tools within the ArcGIS Pro Analysis Toolbox:

- OEA O%OAOAG O1T1 xAO ApPiEAA Oi AOAOA OEA 6-% DI UG

- OEA O#1EP8 O1Ii11 xAO OEAT OOAA OI xAO OOAA OI A@OOA
with the VME polygons.

4EA OAOOI OET ¢ AOAA AAPEAOO OEA POI BI OOEIT T A& OEA 6-%

001l OAAOAAS AOAA 1T & &ECOOA p8 4EA OwOAOAS O1 11 xAO OEAI

too~l was used to cILp this area by theighing footprint, [esulting ip theNVAME area inside the fi~shing footprint buAt o
i OOOEAA OEA A171 OOOA jO51p01 OAAOCAAGN &EGCOOA pq AT A 10600
001 OAAOAABN &ECOOA pQs

[ZZ2 Closure Protected

|| Conditionally Protected
] Unprotected

[ 2019 Sponge VME

T 77 Fishing Footprint

L

o 25 5 10
L N
s Nautical Miles

Figure 1. Example of the different levels of protection of VME in the NRA. The area of VME inside the closure is

AT T OEAAOAA O#11 OAA 1 OAA 001 OAAOAAG j} OAA OEAOASEAGA DI 1 UCI
A1 1T OPOET O AT A Ail T OAA AOAA O#1 1 AEOEITTAIT U 001 OAAOAAS | O
areaandinsidethe EEOEET C A1 1 OPOET O 051 b0Oi OAAOAAS | COAU OEAAAA E
but inside the closed area (small white area in southwest portion ofhe polygon) is not included in the

calculations as it is outside the sponge VME. The boundary of the fishing footprint is represented by the dashed

black line.
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Results
Large-Sized Sponges

Figure 2 illustrates the 2025 KDE VME polygons for the Larggize Sponge Functional Group (Kenchington et
al., 2025) superimposed on the SDM for the Larg@ize Sponge Functional Group created with threshold
optimised to ensure that resultingSensitivity=Specificity (Murillo et al., 2024). This functional group was one
that was previously modified in 2019 (clipped) using the SDM to trim the KDE polygons (Kenchington et al.,
2019). In order to be consistent in determining which KDE polygon boutaries shouldbe modified, the 2019
clipped KDE VME polygons for the Larg8ize Sponge Functional Group were overlain with those of 2025
(Figure 2).Murillo et al. (2024) also presented models for sponge grounds for comparisoRive KDE polygons
for the Large-Size Sponge Functional Group were identified for potential modifications and labelled using the
number of the nearestexisting area closures (Areas 1, 4, 5, 6 and 10) (Figure 2). These were area closures that
were previously modified in 2019 or that showed extensie area of predicted taxon absence within their
boundaries. Where decisions were made previously not to modify the boundary, as for example in northeastern
portion of the large polygon in Flemish Pass.

Figure 3 shows 2025 and clipped 2019 KDE VME polygons for the Lar§eze Sponge Functional Group
superimposed on the average probability of the maximum frequency class (presence or absence) from 10 SDM
runs for the Large Size Sponge Functional Group (Mutd et al., 2024). The figure is also shown with the SDM
presence/absence map underlain in order to help distinguish which is the maximum frequency class in each
area.In Figure 4 the probabilities for the absence (left panel) and presence (right panel) dses are separately
shown to distinguish the two areas of maximum probabilityThis map of uncertainty in the SDM models is a
new introduction into the assessments. It can guide the decision making through assessment of the probability
of the taxon presence or absence in areas proposed for trimming. For example, the area of predicibdence
between areas 6 and 10 in Figure 2, is shown to have a high probability of absence in Figu@n8 Figure 4
bolstering a decision to make modifications in that area

Proposed Modifications to the Large -Sized Sponge VME Polygons

Most of the Large-Size Sponge Functional Group KDE VME polygon areas extended into areas of predicted
sponge absence, the exception being the polygons in the vicinity of closed areas 3 and 13 on Beothuk Knoll
(NAFO, 2025). Modifications are proposed foAreas 1,2,4, 5, 6 and 10 as follows:

Area 1. The LargeSize Sponge Functional Group KDEME polygon in the vicinity of area closure 1 (NAFO,
2025) extended into areas of predicted absence (Figurg 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 foyge depths. On

the eastern boundary of the KDE the probability of sponge absence was low adjacenthe area of predicted
presence (Figure 5, Right Panel). Consequently, the proposed maodifications follow the area of predicted
presence and extend to the region of high certainty of sponge absence (Figure 5) on the eastern boundary. On
the western bourdary the proposed modification smooths out the area of predicted presence and cuts off 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.

Area 2. The LargeSize Sponge Functional Group KDE VME polygon in the vicinity of area closure 2 (NAFO,
2025) extended into areas of predicted absence on its north eastern edge and into the Canadian EEZ on its
south western edges (Figure 6, Left Panel). Some ofthrea of predicted LargeSize Sponge Functional Group
absence had high uncertainty (low probability; Figure 6, Right Panel). The proposed modifications were to clip
the south western portion of the polygon to the EEZ boundary and to clip the norésastern edge to the region

of high certainty of sponge absence (Figure 6; Right Panel).

Area 4. The LargeSize Sponge Functional Group KDE VME polygon in the vicinity of area closure 4 (NAFO,
2025) included areas of predicted absence on its north eastern edge (Figure 7, Left Panel). Howether,closer
examination of this area of predicted absenceas associated witthigh uncertainty (low probability of absence)
(Figure 7, Right Panel). Consequently, no modifications were made to this polygon. A number of catches below
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the KDE threshold of 100 kg per research vessel trawl occur in this general area of predicted Lafjee Sponge
Functional Group presence (Figure 7).

Area 5. The LargeSize Sponge Functional Group KDE VME polygon in the vicinity of area closure 5 (NAFO,
2025) included areas of predicted absence alonigs eastern edges (Figure 8, Left Panel). The loweastern
portion of the polygon extended outside of the spatial extent of the SDM. Figure 8 (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 predictqaresence. This indicates thathe model is not performing
well at those edges. The suggested modifications are to split the lowamd of thepolygon into two. One polygon
including the area of predicted presence and area closure 14b (NAFO, 2025) 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. Athe western boundary of the polygon was not modified in 2019, we have nptoposedany
changes in this iteration to that segment.

Areas 6 and 10. The LargeSize Sponge Functional Group KDE VME polygon in the vicinity of area closures 6
and 10 (NAFO, 2025) was lobed, with a single polygon capturing both of the two separate polygons established
in the 2019 analyses (Figure 9). The polygon extends froBackville Spur onto the Northwest slope of Flemish
Cap. It includes large areas of predicted absentigat was predicted with high certainty (Figure 9, Right Panel).
The proposed modifications are to separate the single polygon into two. @rollowing the areas of predicted
sponge presence running parallel to Sackville Spur and closely abutting area closure 6 (Figure ®)is was
similar to the modification made in 2019 (Figure 9).The second polygon was created from the lobe that
included most of the area closure 10 (Figure 9) and cut from the original polygon at its northern edge flowing
the area of predicted presence. This polygon includes all of the smaller polygon identified2019. A third The
Large-Size Sponge Functional Group KDE VMElygon was identified both in 2025 and 2019 to the east of Area
10 and no modifications are proposed to that area.

Table 1. The area occupied byeach of theLarge-Size Sponge Functional Group KDE VME Polygafiter
making the proposed modifications.

Large-Size Sponge Functional Group KDE VMEPolygon Label Polygon Area (km 2)
Area 1 Mod 2497.02
Area 2 Mod 9725.67
Areas 3 and 13 No Mod 3846.60
Area 4 No Mod 2518.11
Area 5 Mod 1 3609.45
Area 5 Mod 2 145.72
Area 6- 10 Mod 1 4449.60
Area 6- 10 Mod 2 1395.95
Flemish Cap No Mod 128.49
Total Area: 28316.60
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Left Panel. The 2025 LargeSize Sponge Functional GroudDEVME polygons (Kenchington et al., 2025uperimposed on theSDMfor the

Large-Size Sponge Functional Group createdth a threshold optimised to ensure that resultingSensitivity=Specificity (Murillo et al., 2024).
The location of research vessel survey catches greater thanequal to100 kg are indicated Right Panel. The 2025 (Kenchington et al., 2025)
and 2019 clipped (Kenchington et al. 2019) Larg&ize Sponge Functional GrougDEVME polygons superimposed on th&DMfor the Large
Size Sponge Funatnal Group created with athreshold optimised to ensure that resulting Sensitivity=Specificity (Murillo et al., 2024).
Numbers indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of the NAFO Conservation and Emfenat
Measures (NAFO, 2025) and serve to identify the 2026DEVME polygons that warrant further examination formodifications.
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Figure 3. Left Panel. The 2025 (Kenchington et al., 2025) and 2019 clipped (Kenchington et al. 2019) Lar§éze Sponge Functional GroudDEVME
polygons superimposed on the average probability of the maximum frequency class (presence or absence) fron8DMruns for the Large
Size Sponge Functional Group (Murillo et al., 2028lumbers indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article
17.3 of the NAFO Conservation and Enforcement Measures (NAFO, 2025) and serve to identify the Z0R&VME polygons that warrant
further examination for potential modifications. Right Panel. The 2025 (Kenchington et al., 2025) and 2019 clipped (Kenchington et al.
2019) Large-Size Sponge Functionabroup KDE VMEpolygons superimposed on the average probability of the aximum frequency class
(presence or absence) from 10 SDM runs for the Larggize Sponge Functional Grougwhich itself is superimposed witha 30% transparent
overlay showing areas where the SDM predictgresence for the LargeSize Sponge Functional Group created withtareshold optimised to

ensure that resulting Sensitivity=Specificity (Murillo et al., 2024).
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Figure 4. Left Panel. The 2025 (Kenchington et al., 2025) and 2019 clipped (Kenchington et al. 2019) Lar§ize Sponge Functional Group KDE VME polygons
superimposed on the average probability of the maximum frequency class fabsence values from 10 SDM runs for the LargeSize Sponge Functional
Group (Murillo et al., 2024) Right Panel. The 2025 (Kenchington et al., 2025) and 2019 clipped (Kenchington et al. 2019) Lar§ze Sponge Functional
Group KDE VMBpolygons superimposed on the average probability of the maximum fregncy class fopresence values from 10 SDM runs for the

Large-Size Sponge Functional Group (Murillo et al., 2024).
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predicted presence of LargeSized SpongesRight Panel. Map of the proposed modification (solid red line) of the 2025 Larg&ized Sponge

KDE VME polygon (red dashed lineg)ear Area 2 in relation to the 2019 accepted KDE VME polygon (solid black line) and show the

average probability of the maximum frequency class foabsence values from 10 SDM runs for the LargeSize Sponge Functional Group
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catches with < 100 kg are shown.
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Figure 7.  Area 4. Left Panel. Map of the 2025 LargeSized Sponge KDE VME polygdsolid red line) near Area 4 in relation to the 2019 accepted KDE
VME polygon (solid black line) and showing the underlying SDM (brown area showing predicted presence of Lajeed Sponges)Right
Panel. Map of the2025 Large-Sized Sponge KDE VME polygon (solid red ljneear Area 4 in relation to the 2019 accepted KDE VME polygon
(solid black line) and showing the average probability of the maximum frequency class fabsence values from 10 SDM runs for the Large
Size Sponge Functional Group (Murillo et al., 2024). Closed areas are indicated in grey shading. Caich&s | pnnm ECh OEA
KDE analyses, and all other catches with < 100 kg are shown.
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KDE analyses, and all other catches with < 100 kg are shown).
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The proposed modifications would produce nine LargeSize Sponge Functional Group KDE VME polygons
(Figure 10). Those polygons ranged in size from 145.72 l&to 9725.67 kn¥ (Table 1).

\
[ Sponge 2025 VME - modified i
3 Sponge 2019 VME - modified
&
[ 00
<
Z
©
5
n 125 25 50
Nautical Miles
Canadian EEZ
[ Fishing Footprint _%
< NPy | Closed Areas v

50°W 48°W 46°W 44°W
Figure 10. Map of the proposed LargeSize Sponge VME polygongred line) after consideration of
modifications based on the SDNbr Large-Size SpongefMurillo et al., 2024), andin relation to the

2019 accepted KDE VME polygar(black line). Closed areas are indicated in white (NAFO, 2025).

Tetillidae

The Tetillidae subgroup of LargeSize Spongewas not presented in the 2019 review (Kenchington et al., 2019)
as there were insufficient data to conduct the KDE analyses at that timend 2025 KDE VME polygons for the
Tetillidae Sponges (Kenchington et al., 2025) superimposed on the SDM for thietillidae Sponge created with
athreshold optimised to ensure that resultingSensitivity=Specificity (Murillo et al.,2024) is shown in Figure
11. Fourteen KDEVME polygons for the Tetillidae Sponges were identified with one being very large and the
others relatively smaller (Figure 11). Of these, two polygons are proposefdr potential modifications and
labelled using the number of the nearest area closures (Areag111 andAreal0) (Figure 11).
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Figure 12 shows 2025 KDE VME polygons for the Tetillidae Sponges superimposed on the average probability
of the maximum frequency class (presence or absence) from 10 SDM runs for the Tetillidae Sponges (Murillo
et al., 2024). The figure is also shown with the SDM presence/absence map underlain in order to help
distinguish which is the maximum frequency class in each area. In Figure 13 the probabilities for the absence
(left panel) and presence (right panel) classes arseparately shown to distinguish the two areas of maximum
probability.

Proposed Modifications to the Tetillidae Sponge VME Polygons

Most of the Tetillidae Sponge KDE VME polygon areas extended into areas of predicted sponge absence, the
exception being the polygons in the vicinity of closed areas 3 and 13 on Beothuk Knoll (NAFO, 2025).
Modifications are proposed for the large polygon neafreas 1, 2, and 11 antbr Area 10 as follows:

Areas 1, 2 and 11.The large convoluted KDE VME polygon for the Tetillide®&ponges crossed into the Canadian

EEZ at its western boundary and also transversed areas of high probability of sponge absence (Figure 14). It is
proposed that the polygon be clipped to the EEZ boundary at those locations and to the approximate area of
predicted presence along its western and northern edges (Figure 14). No changes are proposed to the western
boundary at this time as the area in the northwest is fragmented and although the probability of predicted
absence is high there are adjacent areas pffedicted presence that have a low probability (Figure 13) but are
TAOAOOGEATI AGO O1 AAOOAET 8 &0OOOEAOh OEA EAPPA OOAOEOOEA
model performance could be improved in future with more response data (Muridl et al., 2024).

Area 10. The polygon in the vicinity of Area 10 also straddles parts of Area 12 and Area 9 (Figure 15). The area
of predicted presence is patchy in this region and the adjacent areas of predicted absence are shown with high
probability (Figure 15; Right Panel). Dudo the patchy nature of this area and above noted model performance
we have clipped this polygon to the edges the areas of predicted presence (Figure 15).

The proposed modifications would produce 15 Tetillidae Sponge KDE VME polygons (Figure 16). Those
polygons ranged in size from 20.54 kihto 19824.45km?2 (Table 2).

Table 2. The area occupied by each of the Tetillidae Sponge KDE VME polygons after making the proposed
modifications.

Tetillidae Sponge KDE VME Polygon Area

Polygon Label (km 2)

Area 2 Polyl- Mod 19824.45
Area 10- Mod 1002.47
Area 5 Poly 1- No Mod 747.81
GB Tail Poly  No Mod 505.67
Area 4 Poly 1- No Mod 462.50
Area 4 Poly 2- No Mod 330.86
Sackville Spur Poly  No Mod 292.16
Area 2 Poly2- Mod 260.85
FC Polyl- No Mod 194.86
GB Tail Poly 2 No Mod 152.97
FC South Poly $ No Mod 130.25
Sackville Spur Poly 2 No Mod 77.24
GB Tail Poly 3 No Mod 46.53
Area 5 Poly 2- No Mod 21.37
FC North Polyl- No Mod 20.54
Total Area: 24070.52

Northwest Atlantic Fisheries Organization www.nafo.int
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Left Panel. The 2025 TetillidaeSponge KDE VME polygons (Kenchington et al., 2025) superimposed on the SDM for Tetillidae Sponge created

with a threshold optimised to ensure that resultingSensitivity=Specificity (Murillo et al.,2024). The location of research vessel survey catches
greater than or equal t00.01 kg are indicated.Right Panel. The 2025 Tetillidae Sponge KDE VME polygor{genchington et al., 2025)
superimposed on the SDM for the Tetillidae Sponge created withthreshold optimised to ensure that resulting Sensitivity=Specificity
(Murillo et al.,2024). Numbers indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of the NAFO Conservation
and Enforcement Measures (NAFO, 2025) and serve to identify the 2025 KDE VME polygons that warrant fertexamination for
modifications.
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Figure 12. Left Panel. The 2025 Tetillidae Sponge KDE VME polygon@denchington et al., 2025)superimposed on the average probability of the
maximum frequency class (presence or absence) from 10 SDM runs for thetillidae Sponge(Murillo et al., 2024). Numbers indicate the
Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of the NAFO Conservation and Enforcement Measures (IR8ES),
and serve to identify the 2025 KDE VME polygons that warrant further examination for potential modificationfRight Panel. The 2025
Tetillidae SpongeKDE VME polygongKenchington et al., 2025)superimposed on the average probability of the mamum frequency class
(presence or absence) from 10 SDM runs for th€etillidae Spongewhich itself is superimposed witha 30% transparent overlay showing
areas where the SDM predicts presence for thdetillidae Sponge created with a threshold optimised to ensure that resulting
Sensitivity=Specificity (Murillo et al., 2024).
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Figure 13. Left Panel. The 2025Tetillidae SpongeKDE VME polygongKenchington et al., 2025)superimposed on the average probability of the maximum
frequency class forabsence values from 10 SDM runs for theTetillidae Sponge(Murillo et al., 2024). Right Panel. The 2025 Tetillidae Sponge
KDE VME polygongKenchington et al., 2025)superimposed on the average probability of the maximum frequency class fpresence values

from 10 SDM runs for theTetillidae Sponge(Murillo et al., 2024).
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Figure 14. Areas1, 2and 11. Left Panel. Map of the proposed 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 SpongdRight Panel. Map of the proposed
modification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red dashed lines) near Area2hnd 11 in relation to the
average probability of the maximum frequency class foabsence values from 10 SDM runs for the Tetillidae Sponge(Murillo et al., 2024).
#1171 OAA AOAAO AOA EIT AEAAOAW kgEthe th@2ehldfor & KDK Brial@sss, and\ad ditteicaichés A&it0:01 kg are
shown.
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modification (solid red line) of the 2025 Tetillidae Sponge KDE VME polygon (red dashed lines) near Area 10 in relation te twverage
probability of the maximum frequency class forabsence values from 10 SDM runs for the Tetillidae Sponges (Murillo et al., 2024)ld3ed
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Figure 16. Map of the proposed Tetilidae Sponge VME polygonged outline) after consideration of
modifications based on the SDM for Tetillidae Sponges (Murillo et al., 2024). Closed areas are
indicated in white (NAFO, 2025).

Polymastiidae

The Polymastiidae subgroup of Large&ize Spongesvas not presented in the 2019 review (Kenchington et al.,
2019) as there were insufficient data to conduct the KDE analyses at that time. The 2025 KDE VME polygons
for the Polymastiidae Sponges (Kenchington et al., 2025) superimposed on the SDM for the Polstiidae
Sponge created with ahreshold optimised to ensure that resultingSensitivity=Specificity (Murillo et al.,2024)

is shown in Figure 16. Twentythree KDE VME polygons for the Polymastiidae Spongegre identified with

one being large and the others relatively smaller (Figure 7). Of these, the VME polygon that includes parts of
Area 5 and Area 14b on the eastern slope of Flemish Cap is proposed for modification. There is a high
probability of predicted absence between the two lobes of the polygon (Figures81 19) along with a low
probability of predicted presence (Figure B; Right Panel).

Proposed Madifications to the Polymastiidae Sponge VME Polygons
Areas 5 and 14b. The proposed modifications tothe PolymastiidaeSponge KDE VME polygon that includes

parts of two closure areas (Area 5 and Area 14b) was split into two, clipping out the area of predicted absence
that is modeled with high probability of absence in that region (Figur&0).
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Figure 17. Left Panel. The 2025 Polymastiidae Sponge KDE VME polygons (Kenchington et al., 2025) superimposed on the SDM for Polymastiidae
Sponge created with ahreshold optimised to ensure that resulting Sensitivity=Specificity (Murillo et al.,2024). The location of research
vessel survey catches greater than or equal to 0.1 kg are indicateRlight Panel. The 2025 Polymastiidae Sponge KDE VME polygons
(Kenchington et al., 2025)superimposed on the SDM for the Polymastiidae Sponge created withtfareshold optimised to ensure that
resulting Sensitivity=Specificity (Murillo et al.,2024). Numbers indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article
17.3 of the NAFO Conservation and Enforcement Measures (NAFO, 2025) and serve to identify the 2025 KDE VME polygons thaamwarr

further examination for modifications.
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Figure 18. Left Panel. The 2025 Polymastiidae Sponge KDE VME polygofiéenchington et al., 2025)superimposed on the average probability of the
maximum frequency class (presence or absence) from 10 SDM runs for the Polymastiidae Sponge (Murillo et al., 2024). Numbelisate
the Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of the NAFO Conservation and Enforcement MeasufdsGN
2025) and serve to identify the 2025 KDE VME polygons that warrant further examination for potential modification®Right Panel. The
2025 Polymastiidae Sponge KDE VME polygoriKenchington et al., B25) superimposed on the average probability of the maximum
frequency class (presence or absence) from 10 SDM runs for the Polymastiidae Sponge which itself is superimposedav@b% transparent
overlay showing areas where the SDM predicts presence for thRolymastiidae Sponge created with ghreshold optimised to ensure that
resulting Sensitivity=Specificity (Murillo et al., 2024).
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Figure 19. Left Panel. The 2025 Polymastiidae Sponge KDE VME polygofiéenchington et al., 2025)superimposed on the average probability of
the maximum frequency class fomabsence values from 10 SDM runs for the Polymastiidae Sponge (Murillo et al., 202&ight Panel.
The 2025Polymastiidae Sponge KDE VME polygofisenchington et al., 2025kuperimposed on the average probability of the maximum
frequency class forpresence values from 10 SDM runs for the Polymastiidae Sponge (Murillo et al., 2024).
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Figure 20. Areas5 and 14b. Left Panel. Map of the proposed 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 Spondright Panel. Map of the
proposed modification (solid red line) of the 2025 Polymastiidae Sponge KDE VME polygon (red dashed lines) near Areand 14bin
relation to the average probability of the maximum frequency class faabsence values from 10 SDM runs for the Polymastiidae Sponges
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with < 0.1 kg are shown.
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The proposed modifications would produce 24 Polymastiidae Sponge KDE VME polygons (Figure 21). Those
polygons ranged in size from 3.4 krhto 5653.85km2 (Table 3).

Table 3. The area occupied by each of the Polymastiidae Sponge KDE VME polygons after making the
proposed modifications.

Polymastiidae Sponge KDE VME Polygon Polygon

Polygon Label Modified  Area (km 2)

Area 2 Polyl No 5653.85
Sackville Spur Polyl No 1705.32
Area 14b Polyl Yes 688.55
Area 7a Polyl No 640.12
Area 5 Polyl Yes 602.59
Sackville Spur Poly2 No 554.90
GB Tail Polyl No 515.39
FC SW Polyl No 173.31
Slope Polyl No 170.83
FC North Poly1 No 127.74
GB Tail Poly2 No 125.25
Area 2 Poly2 No 107.44
FC W Polyl No 106.67
FC S Polyl No 76.30
GB Tail Poly3 No 51.47
FC W Poly2 No 42.54
FC S Poly2 No 36.14
FC Polyl No 21.16
FC S Poly3 No 18.55
FC S Poly4 No 17.37
GB Tail Poly4 No 10.14
FC E Polyl No 8.96
Area 4 Polyl No 3.93
FC S Poly5 No 3.40
Total Area: 11461.92
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Figure 21. Map of the proposedPolymastiidae Sponge VME polygons after consideration of modifications
based on the SDM for Polymastiidae Sponges (Murillo et al., 2024). Closed areas are indicated
in white (NAFO, 2025).

Astrophorina

The Astrophorina subgroup of LargeSize Spongesvas not presented in the 2019 review (Kenchington et al.,
2019) as there were insufficient data to conduct the KDE analyses at that time. The 2025 KDE VME polygons
for the Astrophorina Sponges (Kenchington et al., 2025) superimposed on the SDM for the Astrogha Sponge
created with athreshold optimised to ensure that resulting Sensitivity=Specificity (Murillo et al.,2024) is
shown in Figure 2. Most of the KDE VME polygons fall within the area of predictegbonge presence (Figure
22). However some of them extend into areas of predicted absence (Figure®, 24). Closer examination of 6 of
the polygons was deemed useful for determining whether modifications were needed or not. These are the
polygonsin the vicinity of Areas 1, 2, 5,6,7 and 13.

Proposed Maodifications to the Astrophorina Sponge VME Polygons

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 SOMigure 25). 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 (FigGyel2
extends across the Canadian EEZ at its southwestern boundary but mostly follows areas of predicted sponge
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presence. Small modifications are suggested as illustrated in Figure 24 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 (Figurg)2
Both largely overlapped with the area of predicted Astrophorina Sponge presence, but proposed modifications
were made to both 24 to exclude areas where the SDM predicts absence with high probability.

Areas 6 and 10. Two Astrophorina Sponge KDE VME polygons include portions of Areas 6 and 10 in their
extents (Figure 2B). The one that includes Area 6 has almost half of its extent in the anehere the SDM predicts
absence with high probability and where there are no smaller catches to indicate recovery potential. This is an
area of heavy fishing activity (Kenchington et al. 2019) which may explain the distributions. The other polygon
capturesmuch of Area 10 and some of Area 9 and has smaller portions ertling in to 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 model.

Area 13. The polygon which included large parts of Area 13 (Figure9 included some areas where the SDM
predicts absence with high probability (Figure ®). As for the other polygons the area was clipped to the
boundary of the predicted presence of sponge from the SDM model.

Table 4. The area occupied by each of thAstrophorina Sponge KDE VME polygons after making the
proposed modifications.

Astrophorina Sponge KDE VME Polygon Polygon

Polygon Label Modified  Area (km 2)

Area 2 Polyl Yes 14934.29
Area 5 Polyl Yes 2855.49
Areal3 Polyl Yes 2142.40
Areal Polyl Yes 2058.83
Area 10 Polyl Yes 1857.56
Area6 Polyl Yes 884.52
Areab Poly2 Yes 801.07
Area4d Polyl No 793.32
Area6 Poly2 No 203.50
FlemishPass Polyl No 95.03
Area4 Poly2 No 38.02
Sackville Spur Polyl No 17.65
FlemishPass Poly2 No 13.56
FlemishCap Polyl No 9.13
Total Area: 26704.36

The proposed modifications would producel4 Astrophorina Sponge KDE VME polygons (Figure 30). Those
polygons ranged in size fron®.13km?2to 14934.29 kmz (Table 4).
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Figure 22. Left Panel. The 2025 AstrophorinaSponge KDE VME polygons (Kenchington et al., 2025) superimposed on the SDM for Astrophorina Sponge
created with athreshold optimised to ensure that resulting Sensitivity=Specificity (Murillo et al.,2024). The location of research vessel
survey catches greater than or equal t@.5kg are indicated.Right Panel. The 2025 Astrophorina Sponge KDE VME polygofenchington

et al., 2025) superimposed on the SDM for the Astrophorina Sponge created with threshold optimised to ensure that resulting
Sensitivity=Specificity (Murillo et al.,2024). Numbers indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of
the NAFO Conservation and Enforcement Measures (NAFO, 2025) and serve to identify the 2025 KDE VME polygons that warraiiefurt

examination for modifications.
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Figure 23. Left Panel. The 2025 Astrophorina Sponge KDE VME polygofisenchington et al., 2025)superimposed on the average probability of

the maximum frequency class (presence or absence) from 10 SDM runs for the Astrophorina Sponge (Murillo et al., 2024). Number
indicate the Vulnerable Marine Ecosystem Area Closures referenced in Article 17.3 of the NAFO Conservation and Enforcement
Measures (NAFO, 2025) and serve to identify the 2025 KDE VME polygons that warrant further examination for potential
modifications. Right Panel. The 2025 Astrophorina Sponge KDE VME polygor{&enchington et al., 2025)superimposed on the
average probability of the maximum frequency class (presence or absence) from 10 SDM runs for tketrophorina Spongewhich itself

is superimposed witha 30% transparent overlay showing areas where the SDM predicts presence for thsetrophorina Sponge created

with a threshold optimised to ensure that resultingSensitivity=Specificity (Murillo et al., 2024).
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Figure 24. Left Panel. The 2025 Astrophorina Sponge KDE VME polygoif&enchington et al., 2025)superimposed on the average probability of
the maximum frequency class fombsence values from 10 SDM runs for the Astrophorina Sponge (Murillo et al., 2024Right Panel.
The 2025 Astrophorina Sponge KDE VME polygofikenchington et al., 2025)superimposed on the average probability of the maximum
frequency class forpresence values from 10 SDM runs for the Astrophorina Sponge (Murillo et al., 2024).
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Figure 25. Area 1. Left Panel. Map of the proposed modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines)
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and showing the underlying SDM (brown area showing predicted presence of Astrophorina SpongeR)ght Panel. Map of the proposed
modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines) near Area 1 in relationhe average
probability of the maximum frequency class foabsence valuesfrom 10 SDM runs for the Astrophorina Sponges (Murillo et al.024). Closed
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Figure 26. Area 2. Left Panel. Map of the proposed 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 Spongel)ght Panel. Map of the proposed
modification (solid red line) of the 2025 Astrophorina Sponge KDE VME polygon (red dashed lines) near Area 2 in relationhie tiverage
probability of the maximum frequency class foabsence valuesfrom 10 SDM runs for the Astrophoma Sponges (Murillo et al., 2024). Closed
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