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Abstract

In support of the 2020 NAFCreview of the closed areas to protect vulnerable marine ecosystems
(VMESs) in the NAFO RegulatoryArea, kernel density analyses (KDE) dfarge-sized SpongesSea
Pens, Smalland Large Gorgonian Corals, Erect Bryozoans, Sea Squirts Boltenia oviferg, and Black
Corals were undertaken using all available research vessel survey dqtE995 z 2019). This is the first
KDE analysis of black corals for this are&DE polygons equating to VMEs we overlain on binary
outputs of predicted suitable versus unsuitable habitat fromspecies distribution models(SDMs)for
each taxon where availableand for sponges and large gorgonian coralgolygons were modified to
areas of predictedsuitable habitat consistent with previous practicesNew SDMs were prepared for
Erect Bryozoansand Sea Squirts Boltenia oviferg. For Tube-dwelling (Cerianthid) Anemones and
Sea Lilies Crinoids), updated distribution maps were provided drawing on data from research
vessel trawl surveys, NEREIDA rock dredge samples and NEREIDA underwater imagditye
effectiveness of the closed areas was for the first time assesd®dexamining theproportion of VME
area and biomassprotected for each VME indicator type. The results of these analyseswere
compared with those previously conductedin 2013 and reviewed by the NAFQVorking Group on
Ecosystem Science and Assessment (WGESA) at it8 fi2eting in November 2019.
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Introduction

The United Nations General Assembly Resolution 61/105, concerning sustainable fisheries in marine
ecosystens, calls for the protection of vulnerable marine ecosystems (VME) from destructive fishing
practices. Subsequently, the Food and Agriculture Organization (FAO) produced guidelines toe
identification of VME indicator species/taxa to assist in the implemetation of the resolution, but
recommended the development of casspecific operational definitions for their application. The
Northwest Atlantic Fisheries Organization (NAFO) undertook a review of the closed areas in
2013/2014 (NAFO, 2013) and applied kenel density estimation (KDE) to research vessel trawl
survey data to identify significant concentrations of VME indicator taxa in the NAFO Regulatory Area
(NRA). In response to a request from the NAFO Commissiand following the procedures applied in
2013, these analyses were updated using all available data from ti@anadian and EU/Spaniskrawl
survey datain support of the current review of the closed areas.

Kernel density estimation (KDE) utilizes spatially explicit data to model the distribution of &ariable

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 identify hotspots,
that is, areas of relatively high biomass/abandance. 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., 20Q9ollowed by an application to sea pengMurillo

et al.,, 201Q. Since then it has been used to identify significant concentration®MEs) of corals,
spongesand other VME indicatorsfrom research vesse(RV) trawl survey catch data in both Canada
(Kenchington et al., 206) and in theNRA(NAFO, 2013Kenchington et al., 2014) Here,KDE biomass
surfaces for seven VME indicator taxevere created Large-sized SpongesSea Pens, Small Gorgonian
Corals, Large Gorgonian Corals, Erect BryozoaB&a Squirts Boltenia oviferg, and Black Corals, and
the RV catch threshold that delineates the VME polygondetermined. The congruence betweerthe
KDEgenerated VME polygonsnd areas ofpredicted occurrencederived from species distribution
models (SDM)were examined, where availablgand were used tomodify the polygons to eliminate
areas where the taxon was not predicted to occur (as was done previously; NAFO, 20New SDMs
were created for Sea SquirtsBoltenia oviferg and Erect Bryozoans using a suite of terraimariables
as prdictors along with physical oceanographic variablest-or two VME indicator groups (Tube
dwelling Anemones (Cerianthids) and Sea Lilies Crinoids)), updated distribution maps were
provided, drawing on up-to-date data from the RVtrawl surveys, NEREIDA rock dredge samples and
NEREIDA underwater imagery. Lastliythe effectiveness of the closed areas was for the first time
assessed by examining the proportion of VME area (Knand biomass (kg) derived from the kernel
density biomasssurfaces under protection. These metricgnay serve as potential indicators of the
statusand longterm trends of the VMEs andhe management measures in place to protect them, and
will be used to informthe ecosystem overview summary sheets.

Summary of Data Sources

Available data for each VME indicator typevere obtained from research vessel trawl surveys (Table
1), benthic imagery collected through the NEREIDA program (Tables 2 and 3) and from NEREIDA
rock and scallopdredges (Table4). Only the trawl survey data (Table 1) ha changedsubstantially
since the last review of closed area®ne record was updated from the video imagery (Table 3).
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Table 1. Data sourcedrom contracting party research vessel surveysEU, European Union;
DFO, Department of Fisheries and Oceans; NL, Newfoundlaar! Labrador, IEO, Instituto
Espaiiol de Oceanografia; IIM, Instituto de Investigaciones Marinas; IPMA, Instituto
Portugués doMar e da Atmosfera.

Programme Period NAFO Gear MeshSzein Trawl Average

Division CodendLiner Duration Wingspread
(mm) (min) (m)

Spanish 3NO Survey (IEO) 2002 - 2019 3NO Calrggg'e” 20 30 2427319

EU Flemish Cap Survey (IEC

IIM, IPIMAR) 2003 - 2019 3M Lofoten 35 30 13.89

Spanish 3L Survg (IEO) 2003 - 2019 3L Calrggg'e” 20 30 2427319

DFO NL Multispecies Campelen

Surveys (DFO) 1995 - 2019 3LNO 1800 12.7 15 15-20

During the CCG$ludsonNEREIDA cruise in 2009, 9 benthic imagery transects were conducted on
the Sackville Spur and western Flemish Cap slope/Flemish $%aregion using the 4K camera (4KCam
and Campod (Beazley et aR013a). Although video footage of the seabed was continuoysiecorded

IT OEA O#Ai bl A6 OOAT OAAOOh 111U EIi ACAO EAOA AAAI

Table 2. Summary of the benthic imagery collected and analyzed from the CCB&sonNEREIDA
2009 cruise to the Flemish Cap area.

Location Transect ID C:gzil?ri? Gear Ll:gtﬁe(?é) Dept(rrlnF)eange # Photos

Sackville Spur 11 Mostly 4KCam 6211 1080 z 1545 167
12 Yes 4KCam 6 343 131371723 172

18 Yes 4KCam 5238 133671478 92

24 Yes 4KCam 4974 1290 z 1427 145

26 Yes 4KCam 3212 1381 - 1409 38

Flemish Pass area 28 No Campod 2431 461-479 92
29 No Campod 3197 444 -471 132

30 No 4KCam 6 101 455 -940 174

38 Yes 4KCam 2978 1328 - 1411 75

Table 3 summarizes the details of the analyzed transects that were collected using the ROV ROPOS
during the CCGHudsonNEREIDA 2010 cruise to the Flemish Cap. Downwardnd forward-facing
video was continuously recordedduring each ROPOS dive (only downwd-facing video has been
analyzed to date). Due to their different objectives, the method used to analyze each transect varied.
The ROV operated in two modes. In transect mode it kept a near constant speed and distance from
bottom, did not stop and traveled to a predetermined waypoint. In explorer mode it stopped to
collect specimens and although end waypoints were set the route to the waypoints was directed by
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the investigators and was biased towards interesting observations. Speeuhd distance from the
bottom varied. For instance, for transect 1335 and the explorer mode portions of transect 1337, only
those megafauna that were large (~10 cm) and clearly visible were recorded. Transect 1336 was not
analyzed in detail after its collection, and thus onlyhte megafauna recorded during then situ
recording of the dive was summarized. For transect 1338, three sections of the transect (one trawled
line, two untrawled lines; ~ 3 km in total) were analyzed every 10 m for corals and sponges onligut
non-coral and sponge VME indicators were extracted from thén situ collection of the videa All
visible megafauna were analyzed from the entire length of transect 1339.

Table 3. Summary of the benthic video collected and analyzed using the ROV ROPOS in 2010 during
the CCG8ludsonNEREIDA cruise to the Flemish Cap (FC) area.

Transect Inside Transect

Location D Qosure? L(zrr:gth Depth Range (m) AnalysisDetails

Southern FC 1335 No 8,292 87371,853 Explorer mode. Analyzed in detail;

slope frame by frame.

1336 No 11,555 2,21272,970 Explorer mode. Transectnot

AT Al UDUAA ET AAOA
summarized).

Southeast FC 1337 No 14,475 1,011z 2,191 Transect and explorer mode.

slope Explorer mode analyzed frame by

frame; every 10 m analyzed for
transect modes.

1338 Yes 11,195 1,02971,088 Explorer and transect. Three lines
were analyzed (1 trawled, 2
untrawled) every 10 m for the
abundance of sponges and corals.
Non-coral and sponge observations

AOOAABAA EOTI O
Northeast FC 1339 Yes 8,624 1,3447 2,462 Explorer mode. Data extracted from
slope 10 m intervals.

Table 4. Summary of the rock dredge and scallop gear sets collected and analyzed from the NEREIDA
Programme on board the R\Miguel Oliver

Programme Period NAFO Depth Range Gear N Valid Trawl! Duration
Division (m) Sets (min)
NEREIDA 2009 - 2010 3LMN 502 - 1991 Rock 88 15
dredge
NEREIDA 2009 3M 870-1137 s;:g?p 7 15

Overview of Analytical Methods

Kernel Surfaces and Significant Area Polygons

The primary tool used previously to quantitatively determine significant concentrations of VMES is

kernel density estimation (KDE)analysis.As applied here, EEO AT A1l UOEO EA Batc®E £AEA O
biomass distribution. Using theoutput kernel biomassdensity surfaces polygons are drawn around
successively smaller catch values and the area occupied by each polygon is calculated (Kenchington

et al,, 2014). The catch value associated with the largest change in area between successive values is
considered to be the VME, distinguishing habitatorming dense aggregations from the broader
occurrence of individuals as identified through rulebased decisions NAFO, 2013.
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Species Distribution Modeling

Species distribution modeling (SDM) predicts thegresence, absence or abundanfi@domass of a
species or habitat(the response variablg from environmental variables thought to influence it (the
predictor variables). SDMor sponge grounds(Knudby et al, 2013 & b), black corals large gorgonian
coralsand sea pen coral§Knudby et al., 2013c)the glass spongéAsconema foliataerect bryozoans
and sea squirts Boltenia oviferg are incorporated into the assessment of VMEShese models are
particularly valuable in areas where the survey vessels do not smle (e.g., rough bottom, cliffs,
depths greater than1500 m) and for nornraggregating taxa such as the black corals that are present
in low frequency and their past occurrence (noted after removal by the trawl) may or may not reflect
the presences of othecolonies in the same arealhey can also be used to evaluate the area between
trawl sets to determine if the full KDE polygon is potential habitatWith the exception of the SDM for
Asconema foliata(Murillo et al., in revision), erect bryozoans and sea squirtst was previously
decided (NAFO, 20Ba) that the SDMs used for the 2013 assessmenNAFO, 2013 would be
presented. The new SDM for the erect bryozoans and the sea squirts were undertaken liiilg on
previous requests (NAFO, 2017jo refine the distributions of those taxa.

The analyses used for each VME indicator were:

Large-sized Spongeskernel analyses, SDM

Large gorgonian corals: kernel analyses, SDM
Small gorgonian corals: kernel analyses

Sea pens: kernel analyses, SDM
Erectbryozoans: kernel analysesSDMnew)

Sea squirts kernel analyses SDM(new)
Tube-dwelling (Cerianthid) anemones: distribution
Sea lilies Crinoids): distribution

Blackcoral: kernel analyses, SDM

©oOoNOAWNE

Previously Adopted Definitions

In this general contextNAFO(NAFO, 2013 has followed the FAO guideline§AQO, 2009)in defining
and identifying:

VME indicator species. These are species that met one or more of the FAO Guidelines criteria for
possible VMEs. Their snple presence is not an automatic indication of VMEs, but when found in
significant aggregations with conspecifics, or other VME indicator specid¢lgy can constitute a VME.
NAFO has approved a list of taxa that qualify as VME indicator species (NCkMex I.E.VI).

VME elements. These ardgopographical, hydrophysical or geological featuresvhich are associated

with VME indicator species in a global context and have the potential to support VMEs. NAFO has
approved a list of features that qualify as phyisal VME indicator elements (NCEM Annex I.E.VII).

(ECEAO Ai 1 AAT OOCAOQEIT I AOAOOGAOGETT O 1T &£ 6-% EIAE
AT 1T AAT O O.AlKegelale p@diic locations where there are individual records of VME indicator

species at densities at ombove a threshold value that, for that specific VME indicator species, is
associated with the formation of highly aggregated groups of that species. These higher

AT T AAT OOAOQEIT 1 i'|'AAc‘3E'|'TO ENAC')A~ AAAT OEA AA&E® A O O
EECEAO OPITCA AT A AT OA1 ATT AAT OOAQGET T 06 ET . #%- !
activities.

Vulnerable Marine Ecosystem (VME) . Under the structureforming criterion, it is a regional habitat
that contains VME indicator species atroabove significant concentration levels. These habitats are
structurally complex, characterized by higher diversities and/or different benthic communities, and
provide a platform for ecosystem functions/processes closely linked to these characteristicsh&
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spatial scale of these habitats is larger than the footprint of a higher concentration observation. NAFO
has used quantitative methods to objectively define areas that contain VME indicator species at or
above significant concentration levels. These aas are not simply defined by the individual tows
above the threshold value but also all of the smaller catches within the delimited polygon. These
smaller catches may represent recruitment or smaller species in the VME indicator group. These
larger areasare the VMEs proper unless poshoc considerations suggest otherwise. VMES occur
throughout the NRA and their spatial arrangement may be important to recruitment processes and
to overall ecosystem function.

New Predictive Models of Distribution for Erect B ryozoans and Sea Squirts (Boltenia ovifera )

Methods
Environmental data

A bathymetry layercovering the study area was produced by mosaicking thaultibeam echosounder
bathymetry (gridded to 75 m cell size) produced by the NEREIDA project with lzathymetry layer
sourced from The Global MultResolution Topography synthesis v3.6 (GMRT, 100 m grid
downloaded 14/10/2019 from https://www.gmrt.org ). GMRT is a multresolution compilation of
bathymetric data compiled from multiple sources of gridded seafloor depth data (at a variety of
scales) and multibeam swath bathymetry data contributed by the international science community
and the 30 aresecord gridded General Bathymetric Chart of the Oceans (GEBCO) product merged
into a single continuously updated compilation of global elevation data (Ryaet al., 2009). The
AT i AET AA AAOEUI AOGOU 1 AUAO EAO A AAIT 1T CGeolnvkha £ cumn
slope threshold of 0.005 was used to smooth out artefacts in the bathymetry before calculating a set
of derivative layers describing terrain attributes (Wang and Liu, 2006)

SAGA GIS tools for QGIS (v. 3.2; Conrad et al., 2015) were useditalete a set otterrain variables
described below. Terrain variables can be divided into locally and regionally derived types. The local
variables are calculated using a moving window neighbourhood and include geometric attributes
such as slope. Regionahriables represent attributes connected with hydrological properties (Olaya,
2009). Local terrain variables calculated include slope and Topographic Position Index (TPI). Slope
was derived as degrees using a-&ell neighbourhood. TPl was calculated with &th 5 and 10-cell
neighbourhoods.

The regional terrain variables calculated include Channel Network Base Level, Channel Network
Distance, Valley Depth, Relative Slope PositidnS-Factor, Positive and Negative Openness and the
Wind Exposition Index (Figure 1). The concept of the channel network base leveFigure 1) is used

to distinguish topographic highs and lows. The approach uses the Digital Elevation Model (DEM) to
create a channel network attributed with a Strahler order. Two channel networks with their
associated terrain layers were created limitig channels to Strahler orders of three and five,
OAOPAAOCEOGAI U8 4EA 11 xAO 300AEI AO T OAAO AEATTAT 1A
finer topographic features.The channel network base level is an interpolated elevation surface
connectingthe channel elevations. The channel network distance is calculated as the vertical distance
between the DEM elevation and the channel network base level elevation. Valley depth is calculated
as the vertical distance to the lowest elevation of source flowhe LSfactor, a combination of slope
length and steepness (gradient over the length), which predicts erosion potential in the terrestrial
environment (Desmetand Govers, 1996) can also be applied in the marine context to reflect the
potential stability of sediment deposits and hence the likelihood of exposed hard substrata. The
relative slope position (Boehnerand Selige, 2006), location along the entire length of a slope, can
again be interpreted to represent different current conditions nearer the botbm or top of the slope.
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Positive and negative topographic openness (Yokoyama et al., 2002) provide information on how
prominent or sheltered an area is in relation to surrounding topography. Topographic openness was
calculated using 8 directions. Simildy, the Wind Effect Index indicates to how exposed an area is
(Boehnerand Antonic, 2009). In the marine context, instead of wind the exposure relates to currents
and tides. The topographic layers, their units of measure and the tools used to produce themne
summarised inTable 5

a) b)

Positive openness

Distance 4

Slope length Gradient
e —

Figure 1. Derivation of topographic attributes from a DSM in relation tqa) channel network base
level and(b) topographic openness.

Table 5. Description of topographic derivative layerscalculated from MBES bathymetry

Variable Short name Measure SAGA for QGIgTool
Slope SL Radians Basic terrain analysis
LSfactor LSF Index value Basic terrain analysis
Channel Network Base Level (3/5) CNBL3/5 Metres Basic terrain analysis
Channel Network Distance (3/5) CND3/5 Metres Basic terrain analysis
Valley Depth (3/5) VD3/5 Metres Basic terrain analysis
Relative slope position (3/5) RSP3/5 Er((:gnp)o (bottom) to Basic terrain analysis
Positive / Negative topographicopenness POP / NOP Radians Topographic openness
Wind Exposition Index WEX Sheltered <1 > Wind exposition index
Exposed
Bathymetric Position Index (BPI, 5/10) BPI15/10 \?;?L?:ardlsed index Topographic position index

In addition to the terrain variables, eleven water column variables, derived from different sources
and with varying spatial resolutions, were used in the modelling (Tabl6). The variables were chosen
based on availability of c&ta and assumed relevance tthe taxa beingmodelled. They included
measures associated with food supplywater mass andcurrents. Specific details on these variables
are documented in Guijarro et al. (2016a).
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Table 6. Water columnvariables used in the random forest models (Max: aximum; Min: minimum;
MLD: mixed layer depth; SST: sea surface temperature; PP: primary productiddiNAM:
Bedford Institute of Oceanography North Atlantic model (Wang et al., 2017); RBIO:
Remote Sensing Unit at the Bedford Institute of Oceanography).

Native

Variable Short name Unit Resolution Source
Max Annual MLD OcDec MLD12_ave_max m 1/12th degree BNAM
Max Annual MLD AprJun MLD46_ave_max m 1/12th degree  gnam
Max Annual SST sst_av_max °C 1/12th degree BNAM
Max Annual Bottom Temperature bt_av_max °C 1/12th degree  gnaM
Max Annual Bottom Salinity sal_av_max N/A 1/12th degree BNAM
Max AnnualBottom Current Velocity cur_av_max m st 1/12th degree BNAM
Mean AnnualPP ppa_mean mg C n? day! 9 km RSUBIO
Max Annual PP ppa_av_max mg C n? day! 9 km RSUBIO
Min Annual Spring PP pps_av_min mg C n? day! 9 km RSUBIO
Max Annual Fall PP ppf_av_max mg C n® day! 9 km RSUBIO
Range of Annual Summer PP ppsu_av_r mg C n® day! 9 km RSUBIO

Erect Bryozoa

Presence

¢ Asence
[ remung Foogrnt

Figure 2. Location ofscientific trawls and model extent(red outline, also the NAFO fishing footprint)
showing presence/absence of Erect Bryozoans (left) and Sea SquirBoftenia oviferg

(right) .
Biological data

Data on catches of Erect Bryozoans and Sea Squirts were obtained from survey trawls acquired
during annual fishery surveys conducted by Fisheries and Oceans Canada and the European Union
(Spain) between 2006 and 2019. The species compaosition of the sea staatch was composed of
the stalked tunicate Boltenia oviferg and so the SDM on that VME indicator conducted below is a
model of that species. In contrast the catch of Erect Bryozoans is comprised of a number of species
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with different distributions, not consistently or accurately identified at sea. This has implications for
the performance and interpretation of the SDM for that taxon. The study area, delineated by the
extent of the fishing footprint in the NAFO Regulatory Area Divisions 3L, 3M and 3Nntained 5863
and 6285 survey trawls with known presences and absences of Erect Bryozoans @wltenia oviferg
respectively and full corresponding environmental data. Points that had null values for one or more
of the environmental variables (26 erect brya@oan records; 36 sea squirt records) were excluded.
Data points have a good geographic cover of the ar@i@gure 2).

Modelling approach

Models predicting the probability of presence for each species were built using classification Random
Forest models. Radom Forest is an ensemble method, where a large number of decision trees
(typically 500-1000) are built using random subsets of the data. Regression trees are used for
response variables consisting of continuous data and classification trees for factor iales. In the
regression models predictions are based on averages from all trees (Breiman, 2001; Cutler et al.,
2007). The models were built in the free statistical computing software R (v.3.5.1, R Development
#1 OA 4AAT h ¢mpuyq OOE kage (QGavAandOuzAet, 2002). ZHe OddEnEre B A
using the default settings of the randomForest function, using 1000 trees.

Preliminary predictor variable selection was done by applying an iterative permutation procedure
testing the effect the removal ofeach variable in turn has on the decrease in mean internal model
accuracy in comparison to randomised variables. Theoruta Al CT OEOEI ET OEA O"1 00C
(Kursa and Rudnicki, 2010) compares the importance of a variable as calculated by random f&irt

the importance of a random permutation of the same variables over several iterations. The variables
included as predictors were further reduced by inspecting correlations among predictors and
removing any variables that had a higher than 0.65 correteon score with another predictor. Out of

a pair of highly correlated variables the one with a higher random forest importance score was
retained in the model.

Models were validated using a bootstrap crossalidation procedure. For each response variabl¢he

data was randomly subsampled 10 times into train and test data (80/20 split Models were built

using each train set and validation statistics calculated for each corresponding test dataset. A cross

validation approach, such as this, gives an averageoss-validation score, but also an estimate of

variability around the mean. The variability can be used as an indicator of the stability of the model

fit, and to check for the arbitrary effects from subsetting data for training and testing a model.

Accuracy measures used to validate the models included Sensitivity, Specificity, Kappa, and AUC,

AAl AOI AGAA OOET ¢ OEA OO0OAOAT AA! AOGAT AAG DPAAEACA j &
done with a full model including all available datand binary presence/absence maps were created

by using a prevalence threshold

Results and Discussion

The results from model crossvalidation are shown inTable 7. Accuracy statistics foErectBryozoans
indicate acceptablemodel performance, whilst the modelfor Sea Squirts Boltenia oviferg can be
consideredoutstanding (Mandrekar, 2010) The reducedperformance of the Erect Bryozoan model

is likely due to the inclusion of multiple species with different niche requirements and the equal
weight placed on low catches in the presence/absence model. The performance and applicability of
the Erect Bryozoanmodel could potentially beimproved by reducing the presences to catches above
the threshold identified in the KDE analysisor by limiting the data to thecontinental shelf of the
Grand Bank (200 m) where the bryozoan species which form the dense aggregationEucratea
loricata) is known to occur (Murillo et al.,2011b; 2016). WGESA concluded that the model for the
Sea Squirts Boltenia oviferg could be used to modify the KDE polygons (see below). However, given
the lower performance of the Erect Bryozoan model and its relativellpw sensitivity and specificity,
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WGESA suggested that it be considered as supporting information at this time until model
improvements could be undertakenAs the predicted presence encompassed the KDE polygons for
that VME thisdecisionhad noconsequences to the delineation of the VME area.

Table 7. Mean and standard deviation of accuracy statistics for the 10 crosglidation runs for
presence/absence Random Forest models for erect Bryozoans aSeéa Squirts Boltenia

ovifera).
Sea Squirts Boltenia
Accuracy Measure ErectBryozoans ovifera)
Sensitivity 0.70 (+0.02) 0.85 (+0.02)
Specificity 0.70 (+0.01) 0.86 (+0.01)
Kappa 0.24(+0.02) 0.34 (+0.03)
AUC 0.77 (0.01) 0.92 (+0.01)

The environmental variables with significant contributions to improving model accuracy and their
importance in the model (measured by the mean decrease in node impurities (represented by the
Gini index) from splitting on the variable) are shown inTable 8.The predictors included in the models
covered a wide range of attributes from depth to variables describing water column conditions, such
as temperature, salinity and mixed layer depth, to bottom current velocity, to primary productivity
and variables desribing the terrain attributes such as the LS~actor, BPI and Relative Slope Position.
Although the temperature and primary productivity variables had the highest contributions in both
models, there were no large differences in the contributions of individal variables.
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Table 8. Predictor variables(see Tables 5, 6)ncluded in random forest modelsfor Erect Bryozoans
and Sea SquirtsBoltenia oviferg and their contribution to each model. The values given in
the table are the percentage contributions of each variable to total overall predictor
importance measured by the mean decrease in node impurities (represented by the Gini
index) from splitting on the variable.The highest five values for each taxon are highlighted

in bold.

Predictor variable Erect Bryozoans Sea Squirts Boltenia oviferg
Depth 8.0 9.6
LSFactor 6.5 7.8
BPI10 54 7.7
Relative Slope Position Coarse - 3.8
Relative SlopePosition - Fine 2.8 -
Max Annual MLD OcDec 7.1 -
Max Annual MLD AprJun - 11.2
Max Annual SST 8.5 -
Max Annual Bottom Temperature 7.6 9.7
Max Annual Bottom Salinity 7.7 8.4
Max Annual Bottom Current Velocity 7.2 7.5
Mean Annual PP 9.3 9.2
MaxAnnual PP 8.5 9.0
Min Annual Spring PP 6.1 8.2
Max Annual Fall PP 7.8 7.1
Range of Annual Summer PP 7.5 -

The model shows thatBoltenia oviferaoccurs on the edge of Grand Bank, mainly at depths above
500 m with a mixed layer depth around 15m. Probability of presence increases towards the tops of
slopes in areas of relatively steep terrain with high bottom currents Kigure 3.). The trends in the
responses to primary production variables are more complicated to interpret. The mean of annual
maximum primary production and the mean annual minimum spring primary productivity are high

in areas with higher probability of Boltenia oviferapresencewhich is consistent with this species
being a filter feeder. The trend for the mean of annual mean primary production and the mean of
maximum fall primary production (Figure 3.3), on the other hand, shows low values.

Northwest Atlantic Fisheries Organization www.nafo.int
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Figure 3.Response curves for the full random forest models fothe Sea Squirt, Boltenia ovifera
Explanations of the variables are given iffables 5 and 6.

The Erect Bryozoan model shows similar, although not as strong, trends towards steep topography
and high botom current conditions. Depth shows a more bimodal distribution, and predictions of
high probability are present bah on the top of Grand Bankn waters shallower than 500m as well
as on the continental slope in waters deeper than 150. The same dichotmy is seen in high
probabilities both mid-slope and on top of the slope, and in the mixed layer depth and the primary
production variables (Figure 4). The bimodal trends suggest the presence observations combine two
or more species of bryozoa with differe habitat preferences. Bryozoa are not recorded at species
level in the survey data, thus it is not possible to tease these apart.

The predictive surfacefor the Erect Bryozoansis shown in Figure 32 below and tlat for the Sea
Squirts (Boltenia oviferg in Figure 38.
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Figure 4.Response curves for the full random forest models for Erect Bryozoans. Explanations of the
variables are given inTables 5 and 6.

Review of Significant Concentrations of Large -sized Sponges

Significant concentrations ofLarge-sized Spongesave been determinedoreviously in the NRAusing
kernel density analyses andan evaluation of theexpansion ofthe area covered by successivdensity
polygons (NAFO, 2013. These analyses have been updated usialj available data from the RV trawl
surveys. Specificallydata from the Spanish 3NO survey (2002019), EU Flemish Cap Survey (2003
2019), the Spanish 3L Survey (2002019) and the DFGNL Multi-species Surveys (295-2019) were
assessed. These data sources yieldé890 sponge records 975 from the Canadian surveys an@415
from the EU-Spanish survey$; 1797 more data points than were available for the last analysi®@FO,
2013). As noted previously, there were sigrificant differences among the catch series for each survey
and differences in the number of small catch weightdikely due to differences associted with gear
type, tow length,survey areaand sampling protocol Whenall records less than 0.5 kgvere removed,
there was no significant differenceamong the catch distributions (NAFO, 2013. Therefore the
records). Following previously established methods an@dssessment criteriag kernel density surface
was created and the area of successive density polygons calculaté@E parameters were: Search
Radius =25 km; Contour Interval = 0.0% Cell size default =3097.9 m. The biomass surface is shown
in Figure 5 compared with the surface created from the2013 analysis. The overall picture is the same
and the largestdensity estimates are also very similar (~ 40 kdkm-2).
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Figure 5.Kernel density biomass surface of sponges in the NAFO Regulatory Area. Left Panel: Surface
created in 2013 for closed area assessments; Right Panel: Surface created in 2019 for
current closed areare-assessments.

The kernel density distribution identified sponge grounds on the southern portion of Flemish Pass
to southwestern Grand Bank, Beothuk Knoll, Sackville Spur and thast andsoutheast Flemish Cap
(Figure 5). Following previously articulated procedures for identifying thresholds NAFO, 2013, the
100 kg/ RV tow density threshold emerged as defining significant concentrations of largszed
sponges (i.e., sponge ground VM it is the first catch level where there is a largmcreasein area
once the initial sponge grounds are delineated (Tabl®@, Figure6). The VME polygons established
with this threshold cover an area of 27,314.6 kimand were determined by an additional 20 trawl set
observations|  p T (3ee Eagle9).
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Table 9. The number of points attributing to the delineation of sponge VME polygons based on
successively smaller research vessel catch weight thresholds (kg). The aseal numberof
observationsused to defineeach polygon and the percent change in areand the number
of addtional observations between successive thresholds are providedhe shaded rows
represent catch thresholds investigated as potential VMEs.

Percent Change in

Threshold | Observatiors  Obsematons  ATea0fPobgon  Area Betveen
(Kg) in Polygon Per Interval (km?) Successive
Thresholds
10000 2 34.7 3234.6
5000 9 7 1156.2 262.2
3000 23 14 4187.5 78.6
2000 37 14 7480.5 57.7
1200 53 16 11797.6 0.2
1000 67 14 11821.7 11.3
700 83 16 13162.2 0.0
500 104 21 13162.2 35.6
300 128 24 17851.1 43
200 157 29 18619.6 13.0
180 163 6 21032.0 0.0
165 165 2 21032.0 1.0
150 168 3 21244.0 10.9
140 170 2 23564.6 14.6
125 175 18 27010.5 1.1
100 195 20 27314.6 25.6
75 214 19 34318.4 9.4
60 229 15 37554.3 12.5
50 248 19 42244.5 13.1
40 272 24 47758.6 0.0
35 288 16 47758.6 2.8
30 303 15 49087.6 6.7
25 325 22 52373.4 52.7
20 354 29 79952.9 0.0
15 403 49 79952.9 31
125 439 36 82450.8 15
10 505 66 83706.1 0.7
7.5 586 81 84269.4 25.2
5 726 140 105521.8 0.0
4 818 92 105521.8 0.0
3 933 115 105521.8 0.0
2 1116 183 105521.8 0.0
1 1435 319 105521.8 0.0
0.5 1778 343 105521.8
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Figure 7. Comparison of the area covered by catchésl00 kg (blue) and catched 75 kg (olive) (left
panel); the area covered by catcheb 25 kg (purple) and catchesl 20 kg (blue) (right
panel). The location of trawl setd the lowest threshold in each panel are showrArrows
highlight small VME polygons discussed in the text.

Another potential threshold is 25 kg/RV tow (Table 9, Figure 6). However, this was created by
connecting the whole of Flemish Pass including areas up on the shelf (Figateright panel) which
have different sponge composition than th&eodiagrounds present on he slope The 100 kg RVtow
catch thresholdwas therefore selectedto define the VMESs. Tis threshold is larger than the 75 kg
threshold value that was established previously (NAFO, 200§4AFO, 2013. This is not surprising
given the 6 years of data addetb the analyses. In fact, in 2009, using combination ofKDEand the
cumulative catch weight curve, the threshold was identified between 75 and 125 kg,ndicating
consigency between years and methodologiesWhen superimposed on the 2019 kernel density
surface (Figure7), the 100 kg density polygon captures all of the high density areas from the kernel
analysis(Figure 5, right panel).

Figure 8 compares the sponge VMBpolygons created in the current analysis using the 100 kg
threshold with the VMEpolygons established previously with the 75 kg thresholdAFO, 2013. The
VMEareas are very similar and identical in somastances The2019 polygons near Area 2 in Flemish
Pass are somewhat smaller and it can be seen that the difference between the amalyses is largely
created to the north of the polygons where the previous boundary was determined by a single data
point. Examination of the 2019 data shows thathe gapis occupiedby sponge catchesbut they are

all less than100 kg (not shown). However, & this zone is withinthe closed areathis change is not
likely due to thinning of the sponge habitatby fishing. Further to the south on the slope of the Tail of
Grand Bank, 2013ata around Area 1 redistributes the polygon size from the previous atysis. The
area to the north is reduced while the area to the south is expanded (Figugearrow). On Sackville
Spur (Area 6) the 2019 analysis connects the three separate polygons from the 2013 analyses. A
similar joining of polygons is seen in Are®.

In the northwestern part of the Flemish Cap, around 1200 m depth, three isolated catches are present
(Figure 8, see arrowy. They are surrounded by lower catchegFigure 9), and in some cases include
species characteristic ofGeodiagrounds. Another spongeVME is located south of the Sackville Spur
closed area (Area 6) in what appears to be a lightly fished area (Figu8® This is a small area, but it
can have special environmental or physical conditions enhancing sponge biomass, that could
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constitute VMESs To the southeastf that polygon, there is an area with only two significant catches
(Figures 7, 9). Theselikely have another spongespeciescomposition, which may include Asconema
foliata, also a VME indicator taxon which has been shown to increase diversity. On the eastern
slope of the Flemish Cap there is another isolated area which seems to belong to the same sponge
VME defined to the north and it is included in the Closed AreaAlthough the smaller polygons may
represent small contributions to the total sponge biomass in the NRAhese areas may represent
important habitat features and therefore are considered VME based on the criteria previously
accepted by NAFO. Gaps in the distribution, which set these smaller polygons apart, may bedkalt

of limited data coverage from the surveysr from previous fishing activity.

T
48°N

Nautical Miles

v
44°N

46°W a4°W

Figure 8. Comparison of the 2019 sponge VME polygons using the 100 kg threshold (black outline)
with the sponge VME polygons established previously with the 75 kg thresholted
outline) (NAFO, 2013. Closed areas are outlined in white with blue shading. VMS tiec
from 2009-2018 are shown in grey Arrow s indicates VME polygoss on the Tail of Grand
Bank and south of Area 6 (Sackville Spudiscussed in the text.
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Figure 9. lllustration of thesponge VME polygoa(black outline), catchesl 100 kg (solid red circles)
and catches within the VME polygosbut at lower catch weights (solid pink circles)

Modified VME Polygon Boundaries for Large -sized Sponges

Following previously established procedures (NAFQ2015) the KDE polygons determined above
were overlain on species distribution models andrimmed in some instances using the@revalence
threshold for sponge groundgKnudby et al,2013a) to guide the processAreas 1 and 3 were entirely
within the predicted distributions and so were not timmed further. Areas 2, 4, 5 and 6 were modified
as follows:

Area 2. The 2019KDE polygonwas trimmed in the northern part and along the western boundary
(Figure 10, left pane). However,there wasa new significant catch outside the previous polygoin
the northeastand thereforethe boundary was maddarger aroundthat area than theboundary from
the earlier analysis (NAFO, 2015)
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Area 4. The KDE polygon was trimmed (FigurelO, right panel) to the same western boundary as
done previously (NAFO, 205).

Area 5. Area 5 was not trimmed in 204 (NAFO, 2015). However, th019 KDE polygon is larger
than that of the 2013 analysis(NAFO, 2013 and extends into shallower water where the sponge
grounds are rot predicted to occur. The new significant catches are aligned in bathymetry with the
previous ones andall are inside the closed areagFigure 11, left panel). The modified KDE polygon
follows the prevalenceboundary, leaving some buffer outside the closurén some areas of its length
along the shallower boundary(Figure 11, left pane).

Area 6. Area 6 was not trimmed in 2015 (NAFO, 2015). Howeveas for Area 5the new 2019 KDE
polygon is larger than the previous one (Figure 11, right panel). The bathymetric contour and
prevalence map wereused to modify the shallow boundary of the 2019 polygon
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Figure 10. lllustration of the modification (solid red line) of the 2019 KDE polygon (ed dashed
lines) for Area 2 (left panel) and Area 4 (right panel) in relation to previous modifications
(solid black line) and KDE polygongblack dashed lines)and showing the underlying SDM
prevalence map(brown area showing predicted presence of sponge groundsTlosed
areas are indicated in grey shadingCatches offt 75 kg but < 100 kg are shown indark
grey as they were considered above the threshold in the 2013 analysis (NAFO, 2013).
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Figure 11. lllustration of the maodification (solid red line) of the 2019 KDE polygon (red dashed
lines) for Area 5 (left panel) and Area 6 (right panel) in relation to previous modifications
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prevalence map (brown area showing predicted presence of sponge grounds). Closed
areas are indicated in grey shadingCatches ofl 75 kg but < 100 kg are shown indark
grey as they were considered above the threshold in the 2013 analysisIAFO, 2013).

Review of Significant Concentrations of Sea Pens
Significant concentrations ofSea Penkave beeridentified previously in the NRA using kernel density

analyses and an evaluation of the expansion of the area covered by successive density polygons
(NAFO, 20132017). These analyses have been updated using all available data from the RV trawl

surveys. Specificallydata from the Spanish 3NO survey (2002019), EU Flemish Cap Survey (2003

2019), the Spanish 3L Survey (2002019) and the DFGNL Multi-species Surveys (199582019) were

assessed.As for spongesthere were significant differences among the catch serider each survey
with the Campelen catches being more similar to one another thao the Lofoten catches(NAFO,

2013). These dissimilarities were driven by differences in the number of small catch weights. When

all records less than @ kg were removed, thee was no significant difference among the catch

distributions. Therefore, as forprevious analysesthe 2019 AT A1 UOA O
0.2 kg (376 catch records,54 Canadian records andt30 EU-Spanish records) which included 114

xAOA DPAOAEI Oi AA

additional observations over the 2013 analysis. Following previously established methods and

assessment criteria, a kernel density surface was created and the area of successive density polygons

calculated (NAFO, 2013. KDE parameters were: Search Rags = 21.6 km; Contour Interval =

0.00005; Cell size default = 2589.39 m.

The 2019 KDE biomass surface differs from the 2013 KDE surfa@AFO, 2013 (Figure 12), with

the same general areas being shown but with steeper gradients between the high and loendity
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areas around areas of high concentration.

The largeincrease in area (TablelO, Figure13) observedwhen comparing the area captured with

catchesl p8oc EC Alkafly establstées theBhfeshold of 1.3 kg for the sea pen VMEhe

biomass surface is shown in Figur&4 along with the KDE polygons established with catchds p 8 c EC

AT A 1 p8c¢ EGCh EI 1 OOOOAOET ¢ OEA EIT AOAWOduivEEnt AOAA E
threshold established in 2017(NAFO, 20T) was 1.4 kg and as shown in FigureSt there is little to

no change in the KDE polygons from the previous analysigith the exception of oneVMEon the Tail

of Grand Bank in 3Nwhich is larger inthe 2019 analysis (Figure 5) (NAFO, 207T). The location of

catches p8og EC AT A Oi Al 1 A0 AAOAEAO xE G.BMastof tbarkas+ $ % DI
have smaller catches associated with the VME amd part represent different species mixes NAFO,

2013).

o 2013 5;9 2019

48°N

46°N

44°N

52'w 50°W 5 ) b 52°'W 50°W

Figure 12. Kernel density biomass surface oeapens in the NAFO Regulatory Area. Left Panel:
Surface created in 2013 for closed area assessments; Right Panel: Surface created in 2019
for current closed areare-assessments.
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Figure 13. Bar graphs of the polygon area established by successively smaller research vessal
pen catch weight thresholds (upper panel) and of the percent change in area created
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red bar indicates the potential VME polygon threshold
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Table 10. The number of points attributing to the delineation ofsea penVME polygons based on
successively smaller research vessel sea pen catch weight thresholds (kg). The area and
number of observationsused to define each polygon and the percent change in aread
the number of additional observations between successive thresholds are provided he
shaded row represents the threshold used to define the VMEs.

Percent Change in

Sea PerCatch Number_of Addition_al Area of Polygon Area Between
'(I'lilreshold Qbservatlons Observations (km?2) Successive
9) in Polygon PerInterval Thresholds
3 12 1597.7 359.4
2 22 10 7340.7 4.7
1.7 33 11 7686.7 0.0
1.6 35 2 7686.7 10.3
15 43 8 8477.2 0.1
1.4 46 3 8484.0 0.2
1.3 50 4 8497.6 90.6
1.2 56 6 16193.2 0.3
1 75 19 16239.2 4.0
0.85 93 18 16887.1 29.2
0.75 107 14 21820.0 25
0.65 126 19 22374.6 6.3
0.55 142 16 23774.4 18.0
0.5 159 17 28042.0 2.0
0.45 175 16 28607.4 15
0.4 199 24 29039.3 3.8
0.375 214 15 30134.8 0.9
0.35 239 25 30395.2 12.4
0.325 262 23 34163.2 0.0
0.3 283 21 34163.2 0.2
0.275 302 19 34247.9 28.2
0.26 326 24 43921.7 0.0
0.25 350 24 43921.7 0.0
0.23 374 24 43921.7 0.0
0.22 390 16 43921.7 0.0
0.21 407 17 43921.7 9.8
0.2 430 23 48224.0
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Figure 14. Left panel: The 2019 kernel density distribution of sea pens in the NAFO Regulat@sea.
The green areas represent low sea pen densities while the red areas indicate high sea pen
densities. Right panel: Comparison of the area covered by catcHed.3 kg (blue) and
catchesl 1.2 kg (olive). The blue areas indicate the sea pen VMEs.
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Figure 15. Comparison of the 2019 sea pen VME polygons using the 1.3 kg threshold (orange
outline) with the sea pen VME polygons established previously with the 1.4 kg threshold
(blue outline) (NAFO, 207T). All polygons completely overlap except for the polygon on
the southeast slope of the Tail of Grand Bar{indicated by the arrow).
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Figure 16. lllustration of the 2019 seapen VME polygos (orange outline), catchesl 1.3 kg (solid
orange circles) and catches within the VME polygon but at lower catch weights (solight
orangecircles).

Modified VME Polygon Boundaries for Sea Pens

The 2019sea pen KDE polygong/ere overlain onthe presenceabsence prevalence threshold from
the sea penSDM (Knudby et al., 201%) that was used previouslyto evaluate whether the KDE
polygons should be modified(NAFO, 201%. Most of the KDE area falls within the area of predicted
presence (Figurel7), and consequentlyno modifications were made to the KDE polygons.
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Review of Significant Concentrations of Small Gorgonian Corals

Significant concentrations ofSmall Gorgonian Coralkave been determined previously in the NRA
using kernel density analysesAs for sponges and sea penghere were significant differences among
the catch series for each surveyNAFO, 2013. However, unlike those VME indicatorspreviously
there was no weaght threshold above which these differences were nosignificant until the 0.1 kg
threshold was reachedat which there were insufficient data to perform the analyse$NAFO, 2013.
Consequentlyseparate analyses were run for Divisions 3NO and for Divisic@M in order to maximize
the amount of data that could be usedNAFO, 2013. The data for 3Mincluded mostly small catches
that were not highly aggregated and no clear threshold emerged with sufficient support
(Kenchington et al., 2014)so were not reported further. However, with the additional data that has
been collected since the 2013 assessment the catches can be combiaeawss divisionsfor biomass
valuesl| 0.02 kg(Table 11). In total 218 records were availablefor the assessmen(62 from Canada
and 156 from EU-Spain).

Table 11. Nonparametric statistical tests(KolmogorovzSmirnov (K-S) statistic) for the equality of
the small gorgonian coral catch distributions obtained with different trawl gears
(Campelen and Lofoten) and withdifferent tow duration for the Campelen gear.

Comparison Groups Data (Source) P- value (K-
S test)
Campelen 15 min trawl vs. Campelen 30 min trawl > 0 kg (Neanada 106, Neuspain= 337) <0.001
| 0.01 kg (Ncanada= 102, Neuspain= 159) <0.001
| 0.02 kg (Ncanada= 62, Neuspain= 104) 0.1285
Combined Campelen trawls vs. Lofoten trawl | 0.02 kg (Ncampeler= 166, Nofoten = 52) 0.2218

Following previously established methods and assessment criteria, a kernel density surface was
created(Figure 18) and the area of successive density polygons calculat€hble 12, Figure 19). KDE
parameters were: Search Radius 22.1 km; Contour Interval = 0.000®25; Cell size default 2656.7
m. The default Search Radius was larger in 2019 (previously 12.5 km in 2013) due to the increased

spatial extent of the analyses.

The threshold that em&®© CAA AEOT I OEA c¢npw AT Al 120Ag@es ®XP0)] mn8¢ |
(T xAOAO OEAOA AOA OxiI AOAAO OEAO AOA mI OT A T1 &l AI
20). The procedures for selecting the appropriate threshold would normally accepttie m8 puv ECT OT x
threshold as the analysis is identifying new areas. Howevein doing that, thei AOCET ¢ 1T £ OEA
kg/tow areas on the Tail of Grand Bank based on only a few data poim®uld result. Consequently

El OEEO DAOOEAOI AO 0RAghol thredholdbhithibhiightAnt dotedial fr sinall

Ci OciTEAT AT OAl 6-% EAAEOAO 11 &l AIiEOE #ADP &£OI T O
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Figure 18. Kernel density biomass surface of small gorgonian corals in the NAFO Regulatory Area.
Left Panel: Surface created in 2013 for closed area assessments; Right Panel: Surface
created in 2019 for current closed areae-assessments.
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Figure 19. Bar graphs of the polygon area established by successively smaller research vessel small
gorgonian coral catch weight thresholds (upper panel) and of the percent change in area
created between successively smaller research vessel catch weight thresholds (lower
panel). Red bar indicats the potential VME polygon threshold.
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Table 12. The number of poirts attributing to the delineation of small gorgonian coral VME polygons
based on successively smaller research vessel small gorgonian coral catch weight
thresholds (kg). The area and number of observations used to define each polygon and the
percent change in area and the number of additional observations between successive
thresholds are provided. The shaded row represents the threshold used to define the

VMEs.
gr:ragl:)nian Number of Additional percent Change in
. - Area of Polygon Area Between
Coral Catch Qbservatlons Observations (km2) Successive
Threshold in Polygon Per Interval
Thresholds
(Kg)
1 6 6 324.4 380.3
0.3 15 9 1558.0 191.4
0.2 27 12 4540.2 70.7
0.15 39 12 7748.2 8.3
0.12 50 11 8388.5 1.6
0.1 61 11 8520.2 1.2
0.09 66 5 8622.8 11.8
0.08 76 10 9637.9 24.6
0.065 87 11 12012.9 16.5
0.06 97 10 14001.0 22.2
0.05 110 13 17107.5 9.4
0.04 125 15 18714.4 30.5
0.033 137 12 24416.0 1.8
0.03 150 13 24849.2 2.8
0.026 164 14 25553.4 8.8
0.024 175 11 27801.5 0.0
0.021 185 10 27814.7 15.0
0.02 218 33 31977.1
The 2019 small gorgonian KDE polygons based on catcHes m8¢ ECT Ol x AOA AT i PAOA,

small gorgonian KDE polygons in Figur@1. The polygons on Flemish Cap are new as this area was
not included in the previous analysis (see above). On the Tail of Grand Bank the same general areas
are depicted However, with the additional data since 2013the 2013 VME polygons in 30 have been
amalgamated into one larger VME polygon in the 2019 assessment (Figidg). It can be seen that
there are a number of smaller catches as well as significant catches in that area, justifying the linkage.
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Species distribution models were not previously generated for small gorgonian corals in the NRA
(NAFO, 2013). However, Gullagd al. (2017) predicted the distribution of small gorgonian corals on

the east coast of Newfoundland and much of the NRA using MaxEnt modelling techniques, and
predicted a high probability of occurrence along the slopes of Grand Bank, particularly at thedgion

of the large VME north of the 30 closure delineated in the current assessment. As part of a process to
identify significant concentrations of coldwater corals and sponges in eastern Canada (DFO, 2017),
both kernel density and random forest specieslistribution modelling techniques were applied to
small gorgonian coral catch data collected across the Newfoundland and Labrador Region (Guijarro
et al., 201@; Kenchington et al.,, 2016). Several KDE significant concentration polygons were
identified notE T &£/ OEA o/ Ai T OOOA xEOEET #A1T AAAGO %%:
unsuitable habitat defined by thresholding the random forest presence probability surface using
model prevalence followed a strong depth gradient, with areas of suitable habitptedicted to occur
below 400 m depth. As a result, the significant concentration polygons inside the Canadian EEZ in
this region were clipped to both the 400 m contour and prevalence boundary (Kenchington et al.,
2016). The presence of norsignificant smal gorgonian catches above the 400 m contour in the large
KDE polygon identified in the 2019 assessment of thidRAindicates that no modifications should
occur to the northern boundary of this polygon.

Review of Significant Concentrations of Large Gorgonian Corals

Significant concentrations ofLarge Gorgonian Coralén the NRA were previously identified using
kernel density analyses andssociatedevaluation of the kernel surface(NAFO, 2013. That analysis
has been updated using all available data from the RV trawl survey$able 1). These data sources
yielded 283 large gorgonian coralrecords (83 from the Canadian surveys an@®00 from the EU-
Spanish surveys). However ashown previously, there were significantdifferences among the catch
series for each survey NAFO, 2013. When all records less than Q.kg were removed, there was no
significant difference among the catch distributionsand therefore the analysedere were performed
on 89 large gorgonian coralcA O A E A1(kkg (P9 Cariadian records ands0 EU-Spanish records) 31
more observations than in the 2013 analysis NAFO, 2013. Following previously established
methods and assessment criteria, a kernel density surface was created and the area of successive
density polygons calculated KDE parameters were: Search Radius = 19k2n; Contour Interval =
0.000025; Cell size default = 2298.im.

The KDE surfaces from the 2019 analysis are compared with that produced in 2013 (Figuza).
There is some change in the density recorded in Flemish Pag®te differences in scaleshut the
same general areas of higher density are seen in both assessmeiffitse kernel density distribution
identified high concentrations of large gorgonian coral VME in Flemish Pass (Figwzg).
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Figure 22. Kernel density biomass surface ofarge gorgonian corals in the NAFO Regulatory Area.
Left Panel: Surface created in 2013 for closed area assessments; Right Panel: Surface
created in 2019 for current closed areae-assessments.
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Figure 23. Bar graphs of the polygon area established by successively smaller research vessel large
gorgonian coral catch weight thresholds (upper panel) and of the percent change in area
created between successively smaller research vessel catch weight thresholds (lower
panel). The red bar indicates the potential VME polygon threshold.
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The 06 kg/RV tow density threshold emerged as defining significant concentrations of large
gorgonian corals (i.e., large gorgonian coral VME) (Tahl8, Figures23 and 24), which was the same
threshold identified in the previous analysis (NAFO, 2013. When superimposed on the kernel
density surface, the 6 kg density polygon captures all of the highest density area (red colour on
Figure 22) from the kernel analysis and other smaller catches are found within tharge KDE polygon
in Flemish PasgFigure 24).

Table 13. The number of points attributing to the delineation oflarge gorgonian coraMWME polygons
based on successively smaller research vessel large gorgonian coral catch weight
thresholds (kg). The area and number of observations used to define egoblygon and the
percent change in area and the number of additional observations between successive
thresholds are provided. The shaded row represents the threshold used to define the

VMEs.
Large .
Gorgonian Number_ of Addition_al Area of Polygon P'if::ég:;engf n
Coral Catch Observations Observations :
Threshold in Polygon Per Interval (km?) Successive
Thresholds
(Kg)
20 5 340.1 96.4
9 10 5 668.1 127.5
4 14 4 1519.6 143.8
25 20 6 3704.2 0.1
2 26 6 3706.9 20.1
1.4 31 5 4452.6 0.5
1 36 5 4474.8 11.2
0.7 41 5 4977.0 0.0
0.65 43 2 4977.0 0.2
0.6 44 1 4986.9 78.6
0.5 47 3 8905.8 0.0
0.45 47 0 8905.8 19.3
0.4 53 6 10624.4 0.1
0.3 58 5 10639.5 5.1
0.27 65 7 11186.9 3.9
0.2 70 5 11620.6 14.5
0.16 76 6 13306.8 0.0
0.14 81 5 13306.8 4.8
0.12 85 4 13946.3 0.0
0.1 89 4 13946.3
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Figure 24. Left panel: The 2019 kernel density distribution of large gorgonian corals in the NAFO
Regulatory Area. The green areas represent low coral densities while the red areas
indicate high coral densities. Right panel: Comparison of the area covered by cathe
0.6 kg (light green) and catched 0.5 kg (purple). Thelight green areas indicate the large
gorgonian coral VMEs.
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Figure 25. Left Panel Kernel density distribution of large gorgonian corals in the NAFO Regulatory
Area with the 2013 kernel density polygons (red) and the new 2019 polygons (black).
Right panel. RV Catchet 0.6 kg of large gorgonian corals and all other catches are
displayed within the 2019 KDE polygons.

Northwest Atlantic Fisheries Organization www.nafo.int



37

Modified VME Polygon Boundaries for Large Corgonian Corals

The gecies distribution model (SDM)previously generated usingpresence/absence data of large
gorgonian corals from the RV surveys, NEREIDA benthic imagery and rock and scallop dredge
samples(Knudby et al., 2013c) was used to determine whether modification to the KDE polygons
generated in the current assessment wasquired. Previously, WGESA modified the large polygon in
Flemish Pass (NAFO, 2@) (Figure 26); however, given the uncertainty associated with the SDM
only a smallmodification to Area 2was made in the 2019 analyses as the new KDE polygons lie
mainly inside the area of predicted large gorgonian presence (Figures2right panel, arrow). In that
area the boundary for the closed area was used as the notching was driven by a single significant
catch on the VME threshold boundary.
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Figure 26. Left panel. Large gorgonian coral KDE polygons overlain on the prevalence map of
predicted presence/absence. Closed areas in shown in black outline; fishing footprint in
blue. Right panel. Close up of the Large gorgonian coral KDE polygon (red outline) in
Flemish Pass showing the outline of the previous 2018arge gorgonian coral KDE
polygon, its modification (NAFO, 20%), and the prevalence map of predicted
presence/absence. The location of RV catché€9.6 kg are indicated in green with smaller
catches in black The Area 2 closure is indicated igrey shade.Arrow indicates the 2019
KDE polygon modification discussed in the text.

Review of Significant Concentrations of Tube-dwelling Ane mones

Tubedwelling anemonesvere observed on severain situ photographic transects across the Flemish
Cap fFigure 27). The lack of taxonomic details from the photographs and video prevented the
identification of these organisms past thesubclasslevel (Ceriantharia). However, these cerianthids
were not large, erect species, and do not appear to be the VME indicator gpsdisted in NAFO
(2011). These cerianthids formed dense fieldsBeazley et al.2013b) on the southern Flemish Cap
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slope that may indicate VMEs, particularly if their bioturbation activities significantly affect infaunal
community structure. Elsewhere they have been shown to enhance local species diversity and
abundance in featureless sofbottom areas (Shepard et al., 1986)Similarly the data from the RV
surveys and NEREIDArock and scallop dredge sampleswvere mostly identified to subclass
(Ceriantharia) and may contain noRVME cerianthid speciesalthough data fromthe 2007 RV survey
on the Grand Bank confirmed the presence &fachycerianthus borealiat 140 m depth(Murillo et al.,
2016).
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Figure 27. Left panel. Relative biomass of Ceriantharia collected in the NRA during the NEREIDA
surveys between 20092010 using a rock dredge (orange) and E3pain research trawl
surveys between 20062015, 2017-2019 (green). Right panelPresence of tubedwelling
anemones (Ceriantlria) on video and photographic transects collected from the Flemish
Cap area in 2009 and 2010.

Review of Significant Concentrations of Erect Bryozoans

Significant concentrations ofErect Bryozoansan the NRAwere previously identified using kernel
density analyses and associated evaluation of the kernel surfa¢BlAFO, 2013. An updated kernel
analysis is presented here for Erect Bryozoans on th&il of Grand Bank using all available data from
the RV trawl surveys(Table 1). Previous analyse®nly considereddata from the EUSpanish 3NO and
3L surveys(NAFO, 2013. However, with the additional data that have been collected since the 2013
assessment the catches can be combined for biomass vallied.02 kg Consequently only catched
0.02 kg(N=174) were analyzed(12 Canadian records and 162 records from ESpain).

Following previously established methods and assessment criteria, a kernel density surface was
created and the area of successive density polygons calculat&éfE parameters were: Search Radius
=12.4 km; Contour Interval = 0.00005; Cell size default = 1488.6 hese parameters are the default
parameters and result in a smaller search radius in the 2019 analysis than in the 2013 assessment
(2013 Search Radius = 25 kngompare the relative sizeof the single catches in Figure ). With the
additional data available in 2019 continuous areas could be formedn the KDE surfacewithout
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increasing the search radius. This will help to refine the KDE polygons by reducing the area of data
interpolation around each data record.
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Figure 28. Kernel density biomass surface of erect bryozoans in the NAFO Regulatory Area. Left
Panel: Surface crated in 2013 for closed area assessments; Right Panel: Surface created
in 2019 for current closed areare-assessments.
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Figure 29. Bar graphs of the polygon area established by successively smaller research vegsert
Bryozoancatch weight thresholds (upper panel) and of the percent change in area created
between successively smaller research vessel catch weight thresholds (lower panel). Red
bar indicates the potential VME polygon threshold.

Northwest Atlantic Fisheries Organization www.nafo.int



40

/

':\

y:

-y

48N

Z

€
Bryozoans Bryozoans

Kermel Density (kgikm) Kernel Density fkgfkm}

[ ERECNRE-S I o120 0158
02013 Wl o501
I o111-0125 om0z
[ coe7 -0t [ 0097 - 0.1
[ 0087 -0085 [ o.0s7 -0.008
[ oove- o088 [ oo - 0088
0067 - 0.078 [ o067 0078
[ ooe-o0o8e [ Joos-o0ss

[Joost-00m [Joost-onse z

[ oo45-005 [Jooss-00s 3
[ oes 004 [ oos.-cos
[ 00220037 [ 0022 - 0037
I 0025 - 00 [ 0025 - 0.03
I oot -0+ I 0ots 04
I oot -0017 I 00t -0017
I 0o0s 001z I 0008 0012
00 [ 0003 - 0007 o [ 0003 - 0.007
I 00010002 I 000 0002

Figure 30. Left panel: The 2019 lkrnel density distribution of Erect bryozoansin the NAFO
Regulatory Area. The green areas represent low bryozoan densities while the red areas
indicate high densities. Right panel: Comparison of the area covered by catche3.2 kg
(orange) and catched 0.15 kg (urple). Theorangeareas indicate the bryozoan VMEs.

Table 14. The number of points attributing to the delineation ofErect BryozoarVME polygons based
on successively smaller research vessgrect Bryozoarncatch weight threshobs (kg). The
area and number of observations used to define each polygon and the percent change in
area and the number of additional observations between successive thresholds are
provided. The shaded row represents the threshold used to define the VMEs

Erect - Percent Change in
Bryozoan Number of Additional
Catch Observations Observations Area of Polygon Area Betw_een
Threshold in Polygon Per Interval (km2) Successive
Thresholds
(Kg)
2 9 774.4 68.2
1 17 8 1302.8 100.5
0.4 29 12 2611.6 14.7
0.3 35 6 2995.1 0.8
0.25 38 3 3019.7 15.6
0.2 43 5 3491.5 63.7
0.15 50 7 5714.0 23.2
0.125 59 9 7038.9 21.6
0.1 71 12 8558.0 7.3
0.07 83 12 9183.4 13.6
0.06 94 11 10431.4 11.8
0.05 108 14 11658.0 11.9
0.04 119 11 13046.6 15.8
0.035 130 11 15104.9 14.8
0.03 139 9 17342.3 4.7
0.024 150 11 18165.3 3.3
0.021 159 9 18765.4 20.9
0.02 174 15 22693.7
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The 2019 kernel density distribution identified high density areasof erect bryozoans on theTail and
Nose of the Grad Banksimilar to the results from 2013 (Figure 28). The 0.2 kgRV tow density
threshold emerged as defining significant concentrations of erect bryozoar(¥able 14, Figures 29
and 30). This was the same threshold identified in the 2013 analysisNAFO, 2013. The main
bryozoan species that constitutes the significant concentrations i€ucratea loricata When
superimposed on the kernel density surface (Figur&0), the 0.2 kg density polygon captures all of
the highest density areas (red colour on Figur80) from the kernel analysis and other smaller catches
are foundwithin the defining polygons (Figure 31).
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Figure 31. Left Panel.Kernel density distribution of erect bryozoans in the NAFO Regulatorgrea
with the 2013 kernel density polygons (red) and the new 2019 polygons (black). Right
panel. RV Catchek 0.2 kg of erect bryozoans and all other smaller catches are displayed
wit hin the 2019 KDE polygons.
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Figure 32. Left PanelRandom forest species distribution model of erect bryozoans showing the high
probability of occurrence of these VME indicators on Grand Bank. Closed areas are
indicated in black outline.Right panel. Close up of the position of the erect bryozoan KDE
polygons in relation to the erect bryozoan SDM prevalence map (see above foralkt of
methodology). The 2019 KDE polygonsréd outline) fall within the predicted presence
(brown areas) of these species and so there was no need to modify them.

The species distribution model for the probability of occurrence of erect bryozoans is efwn in
Figure 32. Although this model only showedcceptableperformance (Table 7), it did detect higher
probability of occurrence inside the large VME polygons (shown in the right panel of Figure 32 using
a prevalence threshold over the SDMY.he higher gresence in the deeper waters can be seen on the
slopes (Figure 32]eft panel) and suggests that two or more species with different physical nichese
found. Asall the deeper catcheshad very low biomass, applying the KDE catch biomass threshold
would concentrate the observations on top of Grandank. A similar situation occurred with the
large-sized sponges which led to the identification of the glass sponge grounds on the top of Flemish
Cap @Asconema foliatg, a light weight species that was nagiven predominance in the KDE.

Review of Significant Concentrations of Sea Lilies (Crinoids )

Crinoids are delicate organisms that are not welampled by trawl nets although they are
represented in the catchNAFO, 2013. The NEREIDA photographic transects provide situevidence
for dense aggregations of this VME indicatqiFigure 33). The stalked crinoidConocrinus lofotensjsa
VME indicator species, was observed in high abundances on the Sackville Spur, but was cetai
absent from the Flemish Pass area.
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Figure 33. Left Panel.Relative biomass of Crinoidea collected in the NRA during the NEREIDA
surveys between 20092010 using a rock dredge (orange) and ESpain research trawl
surveys between 20062015, 2017-2019 (yellow). Right Panel.Presence of sea lilies
(Conacrinus lofotensiand Gephyrocrinus grimaldii Crinoidea) on video and photographic
transects collected from the Flemish Cap area in 2009 and 2010.

Video analysis revealed dense fields of the stalked crinofdephyrocrinus grimaldiion the southern,
southeastern, and northeastern slope of the Flemish Cap. This species was completelyeab®n
transects from the Sackville Spur and Flemish Pass area. Unstalked crinoids were not observed in
high abundances on any transect analyzed. The data from the RV surveys and NEREIDA rock and
scallop dredge samples were mostly identified to class (Crindea) but do identify crinoids in Flemish
Pass and on Grand Bank that were not seen in the benthic imagery. Data from the 2007 RV survey on
Flemish Cap confirmed the presence dfrichometra cubensibetween 770 and 1242 m depth (Murillo

et al., 2016).

Review of Significant Concentrations of Sea Squirts

Seasquirts (specifically stalked tunicates) were identified as VME indicators in Murillo et al. (2011b)
and accepted by NAFO as such (NAFO, 2012). There o 334 records of sea squirts(172 from
Canadian surveys, 162 from EU surveysimainly of Boltenia oviferg a habitatforming stalked
tunicate VME indicator, and all are located on th&ail and Noseof Grand BankThis represents 247
more observations than were available in the previous KDE analysiSIAFO, 2013. KDE parameters
were: Search Radius = 10.1 km; Ctour Interval = 0.00005; Cell size default = 2897.8 m.
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Figure 34. Kernel density biomass surface ofea squirtsin the NAFO Regulatory Area. Left Panel:
Surface created in 2013 for closed area assessments; Right Panel: Surface created in 2019
for current closed areare-assessmentsNote differences in scales: the maximum density
in 2013 is 0.045 kg knzand in 2019 itis 0.953 kg km.
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Figure 35. Bar graphs of the polygon area established by successively smaller research vessed
squirt (Bolteniaovifera) catch weight thresholds (upper panel) and of the percent change
in area created between successively smaller research vessel catch weight thresholds
(lower panel). Red bar indicate the potential VME polygon threshold.
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Table 15. The number of points attributing to the delineation ofsea squirt Boltenia ovifera) VME
polygons based on successively smaller research vesseh squirtcatch weight thresholds
(kg). The area and number of observations used to define each polygon and the percent
change in area and the number of additional observations between successtheesholds
are provided. The shaded row represents the threshold used to define the VMEs.

Percent Change in

BolteniaCatch Number_ of Addition_al Area of Polygon Area Between
'(I'}?reshold Qbservatlons Observations (km2) Successive
0) in Polygon Per Interval Thresholds
5 10 384.7 454
3 22 12 559.3 22.3
2 36 14 684.0 8.0
15 50 14 738.6 152.0
1 63 13 1861.2 11.6
0.75 79 16 2076.9 48.5
0.5 95 16 3084.7 27.8
0.4 106 11 3943.5 3.4
0.35 118 12 4076.7 47.6
0.3 132 14 6018.6 0.0
0.25 142 10 6020.0 15.3
0.23 149 7 6944.0 0.7
0.2 168 19 6994.7 0.8
0.15 182 14 7050.3 8.8
0.125 197 15 7674.0 0.2
0.1 214 17 7690.3 4.0
0.075 235 21 8001.7 37.1
0.05 253 18 10968.9 9.3
0.04 269 16 11984.0 1.2
0.03 292 23 12127.2 17.6
0.015 313 21 14257.5 40.3
0.001 334 21 20008.3

Following previously established methods and assessment criteria (NAFO, 2013), a kernel density
surface was created (Figure 34). Much larger densities were observed in the 2019 analysis over those
seen in 2013 (Figure 34). The area of successive densitylpgons was calculated (Table 15). The
analysis performed well and a clear threshold value of 0.35 kg was established (Table 15, Figures 35
and 36), which is slightly higher than the previous threshold of 0.3 kg (NAFO, 2013). The next
threshold (0.3 kg) linked some of the polygons created at the 0.35 kg and did not create new locations
(Figure 36). The locations of significant catches and smaller catches inside the VME polygons are
shown in Figure 37. The area linking the 2013 KDE polygons in the 2019 anafygFigure 37, left
panel) is well justified with the occurrence of significant catches (and smaller catches) in that region
and throughout the KDE polygon on the Tail of Grand Bank (Figure 37, right panel).
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Figure 36. Left panel: The 2019 kernel density distribution ofsea squirt Boltenia ovifera) in the
NAFO RegulatonArea. The green areas represent lowea squirtdensities while the red
areas indicate high densities. Right panel: Comparison of the area covereddaychesl
0.35 kg (blue) and catched 0.3 kg (purple). Theblue areas indicate theseasquirt VMES.
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Figure 37. Left Panel.Kernel density distribution of sea squirt Boltenia ovifera) in the NAFO
RegulatoryArea with the 2013 kernel density polygons (red) and the new 2019 polygons
(black). Right panel. RV Catchds0.35 kg of sea squirts Boltenia ovifera) and all other
catches are displayed within the 2019 KDE polygons.

Modified VME Polygon Boundaries for Sea Squirts (Boltenia ovifera)

The species distribution model for the sea squirts (Boltenia ovifera) had an outstanding model
performance (Table 7) and the model presence prediction aligned well with the location of the KDE
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polygons (Figure 38). Most of the KDE area falls within the aaeof predicted presence (Figure38),
and consequently no modifications were made to the KDE polygons.
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Figure 38. Left Panel. Random forest species distribution model of sea squirt8dltenia oviferg
showing the high probability of occurrence of thes&ME indicators on the Tail of Grand
Bank. Closed areas are indicated in black outline. Right panel. Close up of the position of
the sea squirt KDE polygons in relation to the sea squirt SDM prevalence map (see above
for details of methodology). The 2019KDE polygons fed outline) fall within the
predicted presence (brown areas) of these species and so there was no need to modify
them.

Review of Black Coral Biology, Distribution, and Functional Significance

Members of the order Antipatharia, commonly known as black corals, are considereadme of the
longest living organisms on the planet, with longevity estimates reaching up to 4265 years for some
species (Etnoyer et al., 2018; Wagner et al., 2012n certain locations where environmental
conditions are deemed favourable for the growth and settlement of black corals, suchthg deep
water seamounts (5561150 m) in the eastern North Pacific, some antipatharian species achieve high
population densities (up to 20 individuals per m2) and form monospecific aggregations that extend
over large areas (eviewed in Wagner et al.(2012)). However, information on the functional
significance of these aggregations idargely unknown. Wagner et al. (2012) reviewed the known
associations of demersal fauna with black corals and noted that mafigh and motile invertebrates
are thought toutilize the structure provided by black corals in an opportunistic or transient waybut

do not form obligate associations with them. One exception is the ophiuroidistrobrachion
constrictum, which has only been observedn the colonies of antipatharians, and never in &ee-
living state (Grange, 1991) Similarly, some species of fish in the shallow wate of Indonesia and in
the Mediterranean were found to lay eggs on colonies of black corals (Tazioli et al., 2007; Bo, 2008),
suggesting they could be important nursery groundsRecently, De Clippele et al. (2019) have
described the role that some norscleractinian corals play on coldwater mounds in the northeast
Atlantic, suggesting that areas with high diversity of both gorgonians and antipatharignoffer food
and are important habitat for other invertebrates.
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In the NAFO Regulatory Area, a total afine species of black coral have been reported from a
combination of research vessel trawl catch data anoh situ observations (Table 16) (Waller et al.,
2007; Shank, 2010; Murillo et al., 2011a; Wareham et al., 2012; Beazley et al., 2013b; Maclsaac et al.,
2013; NAFO, 2014)with five occurring in the fishing footprint: Stauropathes arcticaSticopathessp.,
Leiopathescf. expansa Leiopathes sp., and the recently described black coral speci€kelopathes
magnus (Beazleyet al., 2013b;Maclsaac et al., 2013

Table 16. Black coral taxa known to occur in the NAFO Regulatory Area (including seamounts).

Known Taxon Family Location

Stichopathessp. Antipathidae NRA (Divs. 3KM)

Leiopathescf. expansa Leiopathidae NRA (Divs. 3KM)

Leiopathessp. Leiopathidae NRA (Divs. 3KLM)

Plumapathessp. Myriopathidae Corner Rise Seamounts (Div. 6G)

Bathypathescf. patula Schizopathidae NRA (Div. 3K)

Parantipathessp. Schizopathidae Corner Rise Seamounts (Div. 6G)

Stauropathes arctica Schizopathidae NRA (Divs. 3LMN)

Stauropathescf. punctata Schizopathidae Orphan Knoll (Div. 3K)

Telopathes magnus Schizopathidae New England and Corner Rise Seamounts, NRA (Divs. 3M)

Black corals were previously considered VME indicators by NAFQdue to their fragility and
vulnerability (Grigg, 1989; Fuller et al., 2008, and were the onlygroup considered to have met the
criterion of uniqueness/rarity based on the availableinformation on their distribution in the NRA
(Murillo et al., 2011b). However, subsequenbccurrencedata on black corals collected fromn situ
camera surveys, rock dredges, and trawl surveys revealedrelatively widespread occurrence at low
densities across the NRA and the slopes of LabradMAFO, 2013).Isolated colonies of the most
common species in the ared&stauropathes arcticawere obsewred overkilometer scales duringin situ
camera surveys of the Flemish Pass in 2009 (NAFO, 201Bhisnon-aggregatingdistribution negated
the application of kernel density estination techniques (NAFO, 2013); dwever, given their long-
lived nature and O E A Eo%é rare status, efforts have been maddo map the occurrencesof black
corals in relation to the other VME indicatorsandthe closed areas As an alternative to KDE, Knudby
et al. (2013c) applied the random forest species distribution modelling thnique to black coral
presence and absence data tidentify areas of suitable habitatbased on environmental preferences
and to evaluate the potential presence of black corals within the closed areas (NAFO, 20¥3)jotal
of 163 presences and 4185 absences from three different sources were modelled:-Epanish and
Canadian researchvessel trawl surveysto 2013 (155 presences, filtered to148 presences/4097
absences), the NEREIDA rock dredge and scallop gear survégsn 2009 to 2010 (7 presences and
88 absences), and NEREIDA benthic imagery survey®rit 2009-2010 (8 presences). Thanodel
predicted a ring of higher black coral presencerobability around the Cap between 500 and 1000 m
depth, with smaller pockets of ligher-quality habitat along theeastern and northeastern slops.

Since 2013 additional data on the distribution of black corals in the NRA has been collected through
the EU-Spanish and Canadian RV trawl surveys$ringing the total number of RVtow setsfrom 155
to 280. Examination of the cumulative catch weightidtribution curve applied to thesedata (Figure
39, left panel) revealed a highly skewegveight distribution - many smallcatches, andew large that
may beindicative of significant concentrations. The spatial distribution of these data revealed that
some aggregatiorof these larger catchesvas occurring (Figure 3, right panel), suggesting that the
additional datamay now allow for the application of KDE tehniques.

Kernel Density Analysis of Black Corals
As for other VME indicators it was necessary to exclude some of the smaller catches in order to

combine the data from the different gear types (Tableaq8 /11 U AAOAEAO | m8¢
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analysis. This left 44 records from the original 280 (6 from Canada and 38 from E&pain).Previously
established methods and assessment criteria were followed for the analysis (NAFO, 2013), and the
KDE parameters were: Search Radius = 19.8 km; Contour IntervaD000005; Cell size default =
2386.0 m. A kernel density surface was created (Figuré0) and the area of successive density
polygons calculated (Table 8). The analysis performed well and a weight threshold value of 0.4 kg
was identified (Table 18, Figures 41 and 42).

Table 17. Nonparametric statistical tests (KolmogorozSmirnov (K-S) statistic) for the equality of
the black coral catch distributions obtained with different trawl gears (Campelen and
Lofoten) and with different tow duration for the Campelen gear.

Comparison Groups Data (Source) P- value (K-
S test)
Campelen 15 min trawl vs. Campelen 30 min trawl > 0kg (Ncanada 20, Neuspain= 20) 0.55960
Combined Campelen trawls vs. Lofoten trawl > 0 kg (Ncampeler=40, NLofoten = 240) 0.01774
| 0.01 kg (Ncampele=35, Nofoten = 177) 0.02761
I 0.02 kg (N:ampele:zs, Nofoten = 152) 0.00528
I 0.05 kg (N:ampele:25, Nofoten = 109) 0.01959
I 0.1 kg (Neampel&=16, N.ofoten = 68) 0.00209
I 0.2 kg (Neampet&=15, Noofoten = 29) 0.38790
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Figure 39. Left panel. Cumulative distribution of black coral in research vessel (RV) catches
(kg/tow). Right panel. Biomass distribution kg/tow) of RV catches with black coral in

the NRA. Areas closed to protect coral and sponge VMESs are indicatedyiay shaded
areas. Blue line indicates the NAFO Fishing Footprint.
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