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Abstract

The Northwest Atlantic Fisheries Organization (NAFO) Commission has called for a reassessment of the
vulnerable marine ecosystems (VMESs) and impact of bottom fisheries on VMEs for 2027. Species distribution
models (SDMs) help to inform on the closed areaobindaries and have been used to modify the areas of
significant concentrations of LargeSized Sponges and Large Gorgonian Corals produced through kernel
density analyses (KDE) in the previous review completed in 2019. Here we provide Random Forest SDMs for
the Large Gorgonian Corals, Small Gorgonian Corals, Erect Bryozoans and Sea Squirts, completing the
distribution modeling for the VME Indicator taxa which was presented to the 2024 meeting of the Working
Group on Ecosystem Science and Assessment (M#GA).As was done for the LargeSized SpongesSea Pens

and Black Corals in 2024, we provide maps of uncertainty associated with the areas of predicted presence and
absence. For the Small Gorgonian Corals we had sufficient data to model the distributions ofsitb of data for
each, viz. two speciesAcanella arbusculaand Radicipes gracilisAdditionally, we provided a SDM forErect
Bryozoan VMEhabitat as well asthe Erect Bryozoan Functional Group. To model the VME habitat we used the
data above the catch threshold used to delineate the VME polygons in the kernel density analyses performed
in 2019, usingresearchvA OOAT AAOAEAO | m 8This Bd@elihgAasihérbriéd toAcous the) T AT O8
large area of suitable habitat for erect bryozoans on the smaller areas where they form VMEs.
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Introduction

Species Distribution Modeling

Species distribution models (SDMs) predict the presence, absence, or abundance/biomass of a species or
habitat (the response variable) from environmental variables (the predictor variables) thought to influence it.
Potential uses of SDMs include 1) explatian, 2) mapping, and 3) transfer (Zurell et al., 2020), with the first
focused on identifying the main factors driving the species distributions, the second on producing maps of the
distribution, and the third on forecasting or projecting the distributions into a different geographic region or
OEi A PAOET A8 4EA DPOEI AOU T AEAAOGEOA 1T £ OEA 33%$-0 DPOAOAT O,
also be used to evaluate the area between trawl sets to determine if the full vulnerable marine ecosyst®/ME)
polygon (derived from kernel density analyses (KDE), which does not consider environmental variables
(Kenchington et al., 2019)) isa potential habitat, and to modify the boundaries of the VME polygons if they
include areas of predicted species alesice. The latter was previously done to modify the VME polygons for
Large-SizedSponges and Large Gorgonian Corals (NAFO, 201&)the 2024 meetingof the Northwest Atlantic
Fisheries Organization NAFQ Working Group on Ecosystem Science and Assessment (MZGA), maps
showing the predicted distributions of LargeSized Sponges, Sea Pens and Black Corals were presented, along
with those for a number of subgroups ofSoonges(i.e., sub-order Astrophorina, the families Tetillidae and
Polymastiidae and sponge grounds (catches above a weight threshold from the kernel density analyses (KDE))
and SeaPens(i.e., generaBalticina, Funiculina, Anthoptilum and Pennatulg (Murillo et al., 2024).

SDMs forLarge Gorgonian Corals (Knudby et al., 2013) Erect Bryozoans and Sea Squirts (Boltenia oviferg
(Kenchington et al., 2019) have previously been incorporated into the NAFO assessment of VMEs (NAFO, 2019)
however, the Small Gogonian Corals have not previously been assesseth support of the 2024 NAFO
Commission Request#6, bWork towards the reassessment of VMEs and impact of bottom fisheries on VMEs for
2027, SDMs have been created using a common set of environmental predictors and response variables
updated to include data through to 2023 (Murillo et al., 2024). We followed the Overview/Conceptualisation,
Data, Model fitting, Assessment and Prediction (ODMARteps recommended by Zurell et al. (2020) for
standard reporting of SDMs, complemented by the recommendations of Sofaer et al. (2019) for the use of SDMs
in decision-making.

Here we present SDMs for the VME functional grougsarge Gorgonian Corals, Small Gorgonian Corgigect
Bryozoansand Sea Squirt{mostly a single speciesBoltenia oviferg. For the Erect Bryozoans, we have modeled
the distribution of the Erect Bryozoan VME habitat as determined through use of the kernel density analysis
(KDE) threshold established in 2019 (Kenchington et al., 2019)Vithin the Small Gorgonian Coralsve also
present models forAcanella arbusculand Radicipes gracilisThese additional models will be used to compare
the results of the predicted distributions of individual taxa versus that of their functional group.They alsowill

be used to assess whether the current closed areas and fishing impacts differentially impact these spediés.
follow the methods applied to the VME functional groups Larg&ized Sponges, Sea Pens and Black Coral
(Murillo et al., 2024).

Methods

Environmental Data

All layers were displayed using a NAD83 UTM 23N projection and the resolution of the final raster surfaces was

1 km. The spatial extent of the modelled area is bounded by the Canadian Exclusive Economic Zone (EEZ) to
the west, and to the north, south andast by the 2500 m depth contour (derived from GEBCO 2024, see below).
This area is referred to as the NAFO Regulatory Area (NRA) and includes Flemish Cap and the Nose and Tail of
Grand Bank.

Water column variables

Environmental layers representing water column properties were the physical oceanographic variables
bottom temperature, bottom salinity, bottom current speed, bottom stress, mixed layer depth, surface
temperature, surface salinity, and the biological oceagraphic variables chlorophyll a and primary

productivity (Table 1). Monthly temperature, salinity, current speed, bottom stress and mixed layer depth were
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extracted from the Bedford Institute of Oceanography North Atlantic Model (BNAM; Wang et al., 2018) for the
period 1990-2023. Mean, maximum, minimum and range values derived from BNAM were calculated for all
months within a year and averaged across all yes Bottom stress (f ) was calculated autlined in Murillo et

al. (2024). For mixed layer depth, only maximum values were calculated as above, averaged across the time
period and for seasonal time periods (Winter; January March; Spring: April- June; Summer: JulySeptember;
Fall: Octoberz $ AAAT AAOQ8 5 OET C atistiCaAWijadl, BNAM (8n® BNAKHErQed) point data
were interpolated using ordinary kriging, and the resulting geostatistical layers were exported to the final
raster surfaces Salinity is considered unitless because it's defined as a ratio of condudtiy, rather than a direct
mass measurement.

Table 1.  Water column variables used in the Random Forest models (MaMaximum; Min: Minimum; MLD:
Mixed Layer Depth; Chl: Chlorophyll; PPPrimary Production; BNAM: Bedford Institute of
Oceanography North AtlanticModel (Wang et al., 2018); SOPhyE: Satellite Ocean Colour and
Phytoplankton Ecology Group at the Bedford Institute of Oceanography).

Variable Metric Unit Native Resolution Source
Bottom Salinity Mean, Max, Min, Range N/A 1/12° lat/long BNAM
Bottom Temperature Mean, Max, Min, Range °C 1/12° lat/long BNAM
Bottom Current Speed  Mean, Max, Min, Range m st 1/12° lat/long BNAM
Bottom Stress Mean, Max, Min, Range m st 1/12° lat/long BNAM
Surface Salinity Mean, Max, Min, Range N/A 1/12° lat/long BNAM
Surface Temperature Mean, Max, Min, Range °C 1/12° lat/long BNAM
Surface Current Speed Mean, Max, Min, Range m st 1/12° lat/long BNAM
Annual MLD Max m 1/12° lat/long BNAM
Summer MLD Max m 1/12° lat/long BNAM
Fall MLD Max m 1/12° lat/long BNAM
Winter MLD Max m 1/12° lat/long BNAM
Spring MLD Max m 1/12° lat/long BNAM
Annual Chla Mean, Max, Min, Range mg nr3 4 km SOPhyE
Spring Chla Mean, Max, Min, Range mg m?3 4 km SOPhyE
Fall Chla Mean, Max, Min, Range mg m?3 4 km SOPhyE
Winter Chla Mean, Max, Min, Range mg m3 4 km SOPhyE
Summer Chla Mean, Max, Min, Range mg m?3 4 km SOPhyE
Fall PP Mean, Max, Min, Range mg C n¥ day! 4 km SOPhyE
Winter PP Mean, Max, Min, Range mg C n¥ day! 4 km SOPhyE
Summer PP Mean, Max, Min, Range mg C n® day? 4 km SOPhyE
Spring PP Mean, Max, Min, Range mg C n® day? 4 km SOPhyE
Annual PP Mean, Max, Min, Range mg C n® day? 4 km SOPhyE

Daily photosynthetically active radiation (PAR) and surface chlorophyk concentration data was calculated as
detailed in Murillo et al. (2024). Averaged across years and seasonal periods, the mean, imaxn, minimum
and range values were derived from the ®lay chlorophyll aand primary production composites. Seasons were
delimited in the following manner: Winter: Jan 01 to Mar 29; Spring: Mar 30 to Jul 03; Summer: Jul 04 to Sep
29; Fall: Sep 30 to Dec 31As with the BNAM data, the resulting statistical layers were interpolated using
ordinary kriging and the geostatistical layes were exported to the final raster surfaces.

Terrain variables

GIS tools from the R package MultiscaleDTM (llich et al., 2023) and the System for Automated Geoscientific
Analyses (SAGA) (v. 8.4.1; Conrad et al., 2015) accessed with the R package RSAGA (Brenning et al., 2022) were
used to calculate terrain variables (&ble 2) in the free statistical computing software R (v. 4.3;2R
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Development Core Team, 2023). Terrain variables were derived from a digital elevation model (DEM)
produced from the 15 aresecond gridded General Bathymetric Chart of the Oceans (GEBCO) 2024 (GEBCO
Compilation Group, 2024) covering the modelled area (NRA)The bathymetric horizontal resolution

Al OOAOPTITAO Oi APDPOI QGEIi AGAT U oyy I AO OEA OOOAU AOAAGO
projected onto NAD83 UTM23N using th® OAOOAG 2 b ABNEER§A692E (HijalsE1024). The
3111 OQRETEO8 OI1 11 j acdess€ uding RSAGMHI aislope threspidld of 0.005was used to

smooth out artefacts in the GEBCO DEM before calculating the derivative terrain laydfsirther details are
provided in Murillo et al. (2024).

All resulting terrain variable layers were then transformed to match the km resolution and origin of other |
AT 6eol 11 AT A1 AAOA OAOOAO 1 AUAOO xEOE OEA OOAOAI PI A6 Al
a bilinear interpolation method. Layes were then cropped and masked to the study area extent.
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Table 2. Description of terrain variable layers calculated from GEBCO 2024 bathymetry data.

SAGA module/MultiscaleDTM

Variable Short name  Unit R package RSAGA library  function Arguments
Fill-sink bathymetry* FS005 m RSAGA ta_preprocessor Fill Sinks (Wang & Liu, 2006) MINSLOPE = 0.005
Slope SLOPE degrees RSAGA ta_morphometry Slope, Aspect, Curvature UNIT_SLOPE =1
Bathymetric Position Index
(fine-scale) BPIF index MultiscaleDTM N/A BPI w =c(4, 8)
Bathymetric Position Index
(broad-scale) BPIB index MultiscaleDTM N/A BPI w = c(4,64)

Vector Ruggedness Measur¢
Ruggedness VRM index RSAGA ta_morphometry (VRM) MODE =0, RADIUS = 3
Eastness (aspect) EAST radians RSAGA ta_compound Basic Terrain Analysis
Northness (aspect) NORTH radians RSAGA ta_compound Basic Terrain Analysis
Channel Network Base Level
(3&5) CHNETBL3/5 m RSAGA ta_compound Basic Terrain Analysis THRESHOLD =3 &5
Channel Network Distance
(3&5) CHNETD3/5 m RSAGA ta_compound Basic Terrain Analysis THRESHOLD =3 &5
Valley Depth (3) VALD m RSAGA ta_compound Basic Terrain Analysis THRESHOLD =3
Relative Slope Position (3 &
5) RSP3/5 index RSAGA ta_compound Basic Terrain Analysis THRESHOLD =3 &5
LS Factor LSF index RSAGA ta_compound Basic Terrain Analysis
Positive and Negative
Openness POP/NOP radians RSAGA ta_lighting Topographic Openness
Wind Exposition Index WEI index RSAGA ta_morphometry Wind Exposition Index

*Used as the digital elevation model (DEM) for all the other variables requiring a DEM input layer.
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Fishing effort variables

Two methods were used to produce fishing effort layers (NAFO, 2018urillo et al., 2024. The first method
used both bottom trawling and bottom longline effort data resolved at a native resolution of 0.05 degrees
(approximately 3.8 x 5.6 kn#) and represented effort as hours fished per grid cell. The second method used
only bottom trawling data, was resolved at a native resolution of 1 k& and represented effort as km trawled
per km2 per year. Both fishing effort layers were used in the analyses as they captulistinct aspectsof fishing
pressure at different scales of resolutior{Murillo et al., 2024).

Biological data

The data records used for the response data in the SDMs were drawn from the research vessel trawl surveys
conducted byCanada and th&uropeanUnion (EU) (Spain and Portugal)rom trawl sets in the NRAon Flemish
Cap and the Nose and Tail of Grand Bank to 2500 m (Table 3). Over time, theei identification and coding

of the VME Indicator taxa has evolved and different identifications were reviewed and consolidated for each
modeled taxon (Appendix Take Al). The time frame for the identification of the lower level taxa differs among
surveys and is indicated in the descriptions for each taxon below and in the Appendices (Appendix Tables A2
and A3). Initially, data from Canada andhe EUwere identified only by the functional group attribution and not

the taxon name or species code, even if such data were recorded at sea. That was because the data were used
for the KDE analysis and identification of VME polygons at the functional group level (Kenchington et al., 2014),
and finer taxonomic resolution was not needd. Those earlier records could be reviewed to ensure that the
taxon names were consistent with the functional groups used today, however, as there are sufficient records
that have been validated wih taxon names (Appendix Table Al) for SDMs, those earlier records were evaluated
on a caseby-case basis for inclusion in the models (see below for details for each functional groupata listed

in Appendix TableAl include the raw data provided by the NAFO contracting parties. These could include
different taxa at different taxonomic resolutiors (e.g.,Paragorgia arboreg Keratoisig in the same trawl set that
can be grouped differently dependingon the taxa modelled. Once the datavere evaluated, somewere
combined as a singlaecord for the response data if they belongd to the same set (e.gAcanellg Acanella
arbuscula). As a resultthe sum of records from the rows inAppendix Tables A2 and A3 is notalways equal to

the number of records in Table 4which presents the response data used in the models

Survey data were used to record both species biomass (kg), and presence or absence. Absence data at the
functional group level (i.e.Large Gorgonian Corals, Small Gorgonian Corals, Erect Bryozoans, Sea Sjjuigse
determined on a towby-tow basis for eachsurvey that recorded the presence of the functional group amongst
their trawl sets. The assumption was that if the functional group was recognized and recorded on the survey
its absence was not likely due to identification issues. For some functional groups whepeesence was not
consistently recorded in the earlier years the associated absence (null) data were excluded from the SDhe
same procedure was used to identify null data for the SDMs of the lower level taxa within each functional group.
All nulls for the functional group were used, in addition to null data where the subgroups were not observed.
This was necessary to fill gaps within functional group distributions where particular taxa may not occur. Once
this data set was produced, subgrowspecific nuls were extracted. A pivot table was created for each set and
nulls were calculated for each subgroup, so the number of nulls will differ by taxon. As an additional check, the
number of presences by yea(Appendix Tables A2and A3) was examined to ensurehat there were no trends

in recording the taxon prior to accepting subgroup null dataAdditionally, there were some questionable
records based on the known depth in thestudy area of Small Gorgonian Corals and Sea Squirts from both EU
and Canadian Surveys that could be associatedth contamination from previous trawl sets (Kenchington et
al., 2016) Despiteefforts to avoid this problem, such as the nets are sprayed down with a firehose as the total
catch is dumped into the fish hole, and the deck crewediligent about checking the net to ensure everything

is deposited into the fish hole, contamination still can happen for a reduced number of sets and therefore some
records were removed from the analysiglue to uncertainty around their positional accuracyAppendix Tables
A4 and A5).Thedata has been archived on the NAFO SharePoint site.
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Table 3. Research Vessel Survey Data from NAFO Contracting Parties (EU and Canada); EU, European
Union; DFO, Department of Fisheries and Oceans; NL, Newfoundland and Labrador; IEO, Instituto
Espafiol de Oceanografia; IIM, Instituto de Investigaciones Marinas; IPMA, Instituto Portugués do
Mar e da Atmosfera.

Data Source Period NAFO Gear Mesh Size  Trawl Average
Division in Codend Duration Wingspread

Liner (min) (m)
(mm)

Spanish 3NO Survey i Campelen

(IEO) 2002 - 2023 3NO 1800 20 30 24.2731.9

EU Flemish Cap Survey

(IEO, IIM,IPMA) 2003 - 2023 3M Lofoten 35 30 13.89

Spanish 3L Survg (IEO) 2003 - 2023 3L Ca1m888'e” 20 30 24.2731.9

DFO NL Multispecies i Campelen i

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

Large Gorgonian Corals

The availableraw datafor the SDM models for the VMEarge Gorgonian CoralFunctional Groupincluded 337
presencerecords (Appendix Table Al) and7454 null records obtained from the surveys shown in Tabl&. Of
the presence records, 134 were provided witbut a taxon name associated with the dataThe largest
proportion (37%) of the 203 records with a taxon namewere members of the familyAcanthogorgiidae most
likely Acanthogorgia armata However, there were too few records of anindividual taxon to warrant modeling
by subgroup.

The oldest record was collected in 2000 in the Canadian survey, but corals were not reported again until 2005,
also by Canad@Wareham and Edinger, 2007)Records from the EU surveysere received from 2006, although
the taxon names were not provided. After 2011, taxon names were provided from the EU surveys, although
some are missing from some sets data provided by both the EU and Canad@he final biological data used
for the response data in the_arge Gorgonian CoraBDMs includedl61 presence/biomass records from 2Q.1-
2023, and5279 associated null data(Table 4).

Small Gorgonian Corals

The availableraw data for the SDM models for the VME Small Gorgonian Cdrainctional Groupincluded 950
presence records (Appendix Table A1) and 7139 null records obtained from the surveys shown in TableX3.
the presence records, 762 have taxon names associated with them and 188 recorgedsenceswith no taxon
name provided (Appendix Table Al). Those latter records were almost all recorded between 2005 and 2010,
mostly by the EU, with one EU record from 2013®ata collection was inconsistentn the early years (Appendix
Table A2) with one record from 2002 and no data collected in 2003 and 2@0 Data are sparse until 2006 and
are more consistent thereafterHowever, to ensure a consistent timeframe was beingonsidered for each of
the data sources Canadian record with an associatedtaxon nameprior to 2011 were not included in the
analyses.

Two subgroups have sufficient data to run separate models: the speciéganella arbusculaand Radicipes L
gracilis. Records forAcanella arbusculs&e T A1 OAAA voenm OAAT OAO OAAI OAAA AO O! A/
@CANELLA ARBUSCUBA 2 A AiRadicpes giaclisE 1 AT OAAA puvo OAAT OAOG OAAT OA/

O02AAEAEDAO COAAEI EO8h 02! 3$)#)0%w3 308h O2AAEAEPAO ODP8d .

The breakdown of the subgroup and functional group records by year is provided in Appendix Table ABere
are very few records ofRadicipes gracilisprior to 2011 when the number of records of named taxa also
improved with the EU recording of taxon namesAdditionally, some records were recorded aan unusual depth
for the taxon (8 Acanella arbuscula2 Anthothela, and 2 Radicipe$. These are likelyerroneous recordsdata
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from previous carried out in deeper water, and therefore were discarded (Appendix Tables A4 and A5).
Additionally, 42 records of two taxa (Octocorallia sp. (SUBCLASS) and IsidiYlaeere listed in the VME Small
Gorgonian CoralFunctional Groupsent by the data providers However, itwas unclear if these could also
include Large Gorgonian Corals which also fall under this subclass and familyand therefore they wereexcluded
from the analyses. The final biological data used for the responseariablesin the Small Gorgonian Coral SDMs
consisted of574 presence/biomass records from 2011to 2023, all with taxon names, and708 associated null
records. Records forAcanella arbusculancluded 488 presencesand 4794 absencesand 147 presencesand
5135 absencedor Radicipes graciligTable 4).

Erect Bryozoans

The available raw data for the SDM models for theVME functional groupErect Bryozoansincluded 842 data
presence/biomassrecords (Appendix Table Al) and 849 null records obtained from the surveys shown in
Table 3. Thesepresence/biomassrecords were compiled from those identified atseaa®" 29/ : /! . %#48 |/
ENTS BRYOZOAAT A OO ,@hdAléo included the data for the functional group but with no taxon name
provided (N=276). The majority of recordswith taxon names(N=561) were simply recorded asBryozoa. The
AT AET ¢ 1T £ O" 29/ : lislnebuldos as &Ectopracta ¥6.ad @haccepted phylum name which was
replaced with Bryozoa, andthe Entoprocta are a separate phylumTherefore, the code suggests that those
records could be something other than bryozoans. As there were only 5 records with that taxon name, all
provided by Canada prior to 2016, those data were not included in the analys@&he remaining data were all
recorded after 2011 but no data were reported in 2020(Appendix Table A). As a result the null data from
that year were alsoexcluded from the analyses

Therefore, the biological data considered for the response datafor the Erect BryozoanSDMs included561
presence/biomass records from 2011to 2023, all with taxon names, and 857 associated null data(Table 3).

However, only one species of bryozoan is considered to be a VME indicator (NAFO, 20R#hrder to ensure

that the models reflect the VME IndicatoEucratea loricata the KDE biomass threshold A AOAEAO | m8¢
(Kenchington et al., 2019) was used for the modefer Erect Bryozoan VME Habitgtsomething that wasnot

donein the previous modeling of this group (Kenchington et al., 2019E. loricatais associated with the larger

catches and this approach will also focus on the bryozoan habitehown in the literature AO OAOUT.UT AT OO
The final data set used in the model for Erect BryozoaMEHabitat included 26 presence recordswith biomass

above the 0.2 kg thresholdand 4892 null records recorded from 2011-2023.

Sea Squirts Boltenia oviferag

The biologicalraw data for the SDM models for the VME functional group Sea Squirts included 380 presence

records (Appendix Table Al) and7283 null records obtained from the surveys shown in Table 3. These

DOAOGAT AATAET I AOO OAAT OAO xAOA Al BOEHENWOVIFERABOLTERIAOA EAAT
SP8A1 AUNGCATE, SESSIBEh AT A A1 01 ET Al OAAA OEA AAOA £ O OEA £EOT1 |
biomass provided (N=64). Records with taxon names were first recorded in 200{Appendix Table A2) and

appear insmall numbersin eachsubsequentyear of the time series.

Four records with ataxon nameoccurring deeper than usual for the taxorwere recorded. After reviewing at
sea photos and annotationgAppendix Table A6) these records were discardedas they likely represented
erroneous data from previous setscarried out in shallower waters. The final biological data used for the
response data in theSea SquirtSDM included 32 presence/biomass records from 20072023, with taxon
names, and7347 associated null dataTable 4). This data set has been archived on the NAFO SHzoint site.
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Table 4. Summary of the Response Data Inputs to the Random Forest Species Distribution Models.

Response Group Period No. Presences No. Absences
Large Gorgonian Corals 2011-2023 161 5279
Small Gorgonian Corals 2011 -2023 574 4708
Acanella arbuscula 2011 - 2023 488 4794
Radicipes gracilis 2011-2023 147 5135
Erect Bryozoans 2011 - 2023 561 4358
Erect BryozoanVMEHabitat 2011 -2023 26 4892
Sea SquirtdBoltenia) 2007 - 2023 312 7347

Variable Reduction

Following previous work (Murillo et al., 2024), preliminary SDMs were generated for each of the modelled taxa
using the full suite of predictor variables to rank variable importance Murillo et al., 2024; Appendix Table A5).
Following this, an iterative approach was used to conduct model specific variable selection. First, Spearman
correlations were calculated for variable pairsand for those with correlation scores > 0.70, the least important
variable was removed. Subsequently, the vane inflation factor (VIF), which measurs the amount of
inflation in the variance of a regression coefficient due to multicollinearity, was evaluated for the remaining
uncorrelated variables. If VIFs > 10 were observed, the Spearman correlation scores were recomputed with
progressively lower thresholds (decreased by increments of 0.05) until all remaining predictor variables
achieved a VIF < 10.

It should be noted that the order of variable importance used in the selection of uncorrelated variables comes

from the run of a preliminary full model (see page 94 in Murillo et al. (2024)). Random association with the

Random Forest algorithm may produceslight differences in the order of variable importance which could

influence the final selection of uncorrelated variables, and in consequence the extrapolated areas. We also
reiterate that the primary purpose of these models was to generate accurate map$ the distribution, i.e.

0! OOAOCOI AT O AT A 0OAAEAOGEIT8h AT A 110 O AARAOAOEAA OEA
selected by the models are highly correlated with other predictors which may have greater biological relevance

than the onesselected, although all were chosen based on their potential to influence distribution.

Model Fitting

Following Murillo et al. (2024), models predicting the probability of presence for each taxon were built using
classification Random Forest models. Random Forest is an ensemble method, where a large number of decision
trees (typically 500-1000) are built using random subsets of the data (Breiman, 2001; Cutler et al., 2007). The
models were built in the free statistical computing software R (\3.5.1; R Development Core Team, 2018) using
OEA OO0OAIT RipdciatieQfa®w &d Wiener, 2002) modified to outputiesired maps and tablesNlurillo et

al., 2024 Appendix Table A5). The models were run using the default settings of the randomForest function,
using 500 trees.

Predictor importance was investigated for each model using the decrease in end node impurity, measured by
the Gini index for presence/absencePartial response plots were used to visualize the relationship between
each predictor variable and the response variables in turn, while accounting for the average effect of the other
predictors in the model.

Models were validated using a bootstrap ¥old cross-validation procedure. For each response variable, the
data was randomly subsampled into 10 folds and traiimg sets constructed leaving each fold out in turn, to be
used as test data (resulting in a 90/10 split keeping balance of classes eqyaModels were built using each
train set, and validation statisticswere calculated for each corresponding test dataset. A crosslidation
approach, such as this, gives an average cregalidation score, but also a 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
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effects caused by subsetting data to train and test a model. Accuramgasures used to validate the models
included Sensitivity, Specificity, Kappa, True Skill Statistic (TS&llouche et al., 2006)and Balanced Accuracy,
with the mean and standard deviation calculated across model runs (N=10).

Sensitivity, also referred to as the True Positive Rate, corresponds to the proportion of observed presences
correctly predicted as such. Conversely, Specificity, or True Negative Rate, is the proportion of absences
correctly predicted. These can be usedtjudge how likely a model is to detect presence and how specific the
predictions are to the correct class. High sensitivity with a low specificity indicates a model that is
overpredicting, whilst an underpredicting model shows high specificity and low sesitivity. The overall
accuracy was additionally investigated using the Kapp@oefficient.Kappa evaluates how well the classification
performed compared to randomlyassignedvalues The Kappa Coefficient can range fronl to +1. A value of 0
indicates that the classification is no better than a random classification. A negative number indicates the
classification is significantly worse than random. A value close tel indicates that the classification is
significantly better than random. While Kappa is usedil, it can be sensitive to imbalanced datasetich as those
used here.Also computed were the TSS (Sensitivity + Specificity 1) and Balanced Accuracy (average of
Sensitivity and Specificity) which, unlike Kappa, are both independent of prevalence and can give a much better
estimate of overall model performance where the classes are unbalanceésS ranges froml to +1, with +1
indicating perfect agreement and O or less indicating no better than random chance.

Binary presence/absence maps were created by using two thresholds, the prevalence of the data and a
threshold optimised to ensure that resulting Sensitivity and Specificity are afforded equal weight
(Sensitivity=Specificity). The former was used in previos work (Kenchington et al., 2019), as a threshold to
account for the class imbalance in data. However, in this model iteration the Sensitivity=Specificity threshold
was used, as it affords equal weight to detection of presence and absence, minimising balke positives and
false negatives.

The final model output was plotted as the class (presence/absence) with the majority vote of all 10 model ryns
i.e., each cell was assigned to the class with the greatest number of outcomes from each of the 10 model runs
Two confidence map layers were also produced consisting of: 1) the frequency of the most common class
(N/10), and 2) the average probability over all 10 model runs of the majority vote classeferred to as the
maximum frequency class in the figureand text hereafter. For example, a valuef 0.6 associated with presence
areasin the frequency of the most common class map, means that a presence was predicted for 6 runs, but an
absence for the other 4 runs. And the average probability of presence from the 10 model runs would be shown
in the average probability of the maximum frequeny class map.

Areas of extrapolation (univariate and combinatorial) were characterized using the Extrapolation Detection

i wgs$A0OQq OiTiTih AAOGAA 11 %OAI EAAAT AT A - AEAI ATTAEO AEOO.
(Bouchet et al., 2020). Cells with nofanalogaus environments are novel because they are outside the range of

individual covariates (univariate) or they are within the univariate range but constitute novel combinations

between covariates not found in the reference data set (Mesgaran et al., 2014).tAs extrapolated areas are

subject to theselection of uncorrelated variables usd in the model, these areas cawary acrosstaxa.

These presentations of uncertainty associated with the distributions is an advancement over the previous work
from 2019 (Kenchington et al., 2019) and earlier. Uncertainty is shown in three distinct ways: 1) inclusion of
areas of model extrapolation (predctions occurring outside of the range of environmental conditions
encountered by response variables) on all maps; 2) maps showing the frequency of presences/absences from
the 10 crossvalidation runs (values close to 1 give confidence in the presences/absees identified in the
binary maps); and 3) maps of the average probability of the maximum frequency class (e.g., presence or
absence) from the 10 crossvalidation runs (areas with lower average probability within the same class can be
associated with area of uncertainty). For each model we provided maps of the predicted presences/absences
based on a threshold of Sensitivity=Specificity, showing the areas of extrapolation and uncertainty from the 10
crossvalidation runs. For all of the models there were @as of uncertainty at the border of the
presence/absence prediction as was seen in the models of the Lar§é&ze Sponges, Sea Pens and Black Corals
(Murillo et al., 2024).
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Results

Assessment and Prediction ofthe Large Gorgonian Coral Functional Group

Random Forest models predicting the probability of the presence of the Large Gorgonian Coral VME functional

group generally performed with moderate accuracy across the validation statistics (Balanced Accuracy,

Sensitivity and Specificity all > 07; Table 5). Kappa, which measures the extent to which the agreement

between observed and predicted is higher than that expected by chance alone, was 0.13 which is considered
OFAEOS DPAOAI Oi ATAA8 4EA 433 xAO m8tuvu xEEAE ET AEAAOAO ¢

Table 5. Model Validation Results for the PresenceékbsenceRandom Forest Model for the Large Gorgonian
Coral VME Functional Group. TSS=True Skill Statisfensitivity + Specificityz 1).

Accuracy Measure Mean £ SD
Sensitivity 0.74+0.09
Specificity 0.71+ 0.06
Kappa 0.13+0.06
Balanced Accuracy 0.73+0.07
TSS 0.45+ 0.15

The most important variables were the averagedpring primary productivity, followed by the mean of the
range in bottom salinity, thewind exposition index, the broadscale bathymetric position index andruggedness
(Figure 1). The models indicate that thé.arge GorgonianCorals are found in areas with anean springprimary
productivity > 1200 mg C n¥ day?, a range of bottom salinity > 0.1 sheltered locations onbroadscale
depressions to 600 mwith rugged terrain (Figure 2).

The predicted distribution maps are shown in Figure 3, shown as binary plots of presence/absence based on
the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similar. The distribution
of the data is shown overlain on the imary map of presence/absence based on Sensitivity=Specificity (Figure
4). Outside areas of model extrapolation, thearge Gorgonian Coralsre distributed around the Flemish Cap
except for the northern portion of Flemish Pass&nd on the slopes of the Taibf Grand Banksouth of Flemish
Pass.

The uncertainty expressed as the frequency gfresencd absencefrom the 10 crossvalidation runs (Figure 4),
the areas of extrapolation (Figures4 and 5), and the average probability of the maximum frequency class
(Figure 5) indicated high certainty within the fishing footprint for both presence and absence predictions
outside of the deep slope areaHowever there was increased uncertainty in the deeper slope waters (Figure
5) andin areas of transition between the presence and absence classes (Figuresd 5).

Northwest Atlantic Fisheries Organization www.nafo.int
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Figure 1.  Plot of mean decrease and standard deviation in Gini Value for the 9 predictor variables in the
Random Forest model for the Large Gorgonian Corklnctional Group, indicating their relative
importance and variation across 10 model folds.
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Figure 3. Random Forest species distribution model for the VMEarge Gorgonian CoraFunctional Group showing binary maps of VME presence
thresholded using data prevalence (left panel) and a Sensitivity=Specificity threshold (right panel). The perimeter of theling footprint is
shown on both mapsin blue.
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Figure 4. Random Forest species distribution model for the VMEarge Gorgonian CoraFunctional Group showing the distribution of the presence
and absence data overlain on a binary map thresholded using a Sensitivity=Specificity threshold (left panel). Model uncettais illustrated
by showing the frequency of P/A from the 10 croswalidation runs (right panel). The areas of extrapolation show where the model has
predicted into areas outside of the environment for the presence and absence records. The perimeter of the fishing footpinshown on
both maps.
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Assessment and Prediction ofthe Small Gorgonian Coral Functional Group

Three models for theSmall Gorgonian Coral Functional Groupwere performed, each using both Prevalence and
Sensitivity = Specificity thresholds for the data, although model performance statistics and predictive maps are
only shown for the latter (Table 6). Balanced accuracy, sensitivity and specificity were all high for all three
models (Small Gorgonian Coral Functional Groupcanella arbusculaand Radicipes graciliy. Kappa was 0.18

for R. gracilis which is considered a slight agreement between observed and predicted, 0.3 forarbusculaand
ndoyx A O OEA £01 ACEI T Al COT O bce TheHA3Fwadposkivedor dll Ddidistatod A
near or equal to 0.6 which indicates that the model is very accurate, with good predictive power for both
presence and absence.

Table 6. Model Validation Results for the Presence/Absence Random Forest Model for the Small Gorgonian
Coral Functional Group, and Subgroups. TSS=True Skill Statiggensitivity + Specificityz 1).

Small Acanella Radicipes
Gorgonian arbuscula gracilis
Coral
Functional
Group

Accuracy Measure Mean = SD Mean + SD Mean + SD

Sensitivity 0.80 £ 0.03 078+ 0.04 0.82+0.06

Specificity 0.80+ 0.02 0.78+0.03 0.75+ 0.4

Kappa 037+ 0.04 0.30+ 005 018+ 0.4

Balanced Accuracy 0.80+0.02 0.78+0.03 079+ 0.4

TSS 0.60 + 0.05 057+ 007 0.58 + 0.07

Small Gorgonian Coral Functional Group

The most important variables for predicting the distribution of the Small Gorgonian Coral Functional Group
were the fill-sink bathymetry, followed by the mean of the range in surface salinifand the mean minimum
summer primary productivity (Figure 6). The models indicate that the Small Gorgonian Corals are found in sink
areas of-500 to -1500 m, with a mean of the range in surface salinity >3 and the meanminimum summer
primary productivity <280 mg C nm? day! (Figure 7).

The predicted distribution maps are shown in Figure8, shown as binary plots of presence/absence based on
the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similar. The distribution
of the data is shown overlain on the binary map of presence/absence based on Sensitivitye8ificity (Figure
9). Outside areas of model extrapolation, th&mnall Gorgonian Corals are distributed around the Flemish Cap
and on the slopes of the Tail of Grand Bank, Flemish Paaad Flemish Cap. ey are absent from the shallow
waters of both the Grand Bank and theFlemish Cap.

The uncertainty expressed as the frequency of P/A from the 10 crosalidation runs (Figure 9), the areas of
extrapolation (Figures 9 and 10), and the average probability of the maximum frequency class (Figurk0)
indicated high certainty within the fishing footprint for both presence and absence predictions outside of the
deep slope areas. However there was increased uncertainty in the deeper slope waters (Figl®@ andin areas
of transition between the presence and absence classes (Figu&and 10). Areas of predicted presence appear
to have greater uncertainty than areas of predicted absence.

Northwest Atlantic Fisheries Organization www.nafo.int
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Figure 6. Plot of mean decrease and standard deviation in Gini Value for the 9 predictor variables in the
Random Forest model for theSmall Gorgonian CoralFunctional Group, indicating their relative
importance and variation across 10 model folds.
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Figure 7. Response curves showing the partial dependence of the probability of presence on the predictors
(Figure 6) identified in the Random Forest model for theSmall Gorgonian Coral Functional Group
For each variable, the mean response and curves for each of the model folds are plotted. The plots
show the predicted response to each predictor variable in turn, whilst other variables are held at
their mean value.
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Figure 9.

Random Forest species distribution model for the VMBmall Gorgonian Coral Functional Grouphowing the distribution of the presence

and absence data overlain on a binary map thresholded using a Sensitivity=Specificity threshold (left panel). Model uncettais illustrated

by showing the frequency of P/A from the 10 croswalidation runs (right panel). The areas of extrapolation show where the model has

predicted into areas outside of the environment for the presence and absence records. The perimeter of the fishing footpinshown on

both maps.
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Figure 10. Random Forest species distribution model for theSmall Gorgonian Coral Functional Grouphowing a binary map thresholded using a
Sensitivity=Specificity threshold (left panel). Model uncertainty is illustrated as the average probability of the maximumequency class
(right panel). The areas of extrapolation show where the model has predicted into areas outside of the environment for theepence and
absence records. The perimeter of the fishing footprint is shown on both maps.
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Acanella arbuscula

The most important variables for predicting the distribution of Acanella arbusculawere the mean of the

maximum bottom salinity, mean of the range in surface salinitythe mean minimum summer primary

productivity , and the mean of the averaged surfacemperature (Figure 11). The models indicate thatAcanella

arbusculaare foundin areas with a meanmaximum bottom salinity > 34.8, a mean of the range in surface
salinity of > 1.5,and the mean minimum summer primary productivity <280 mg C n? day! (Figure 12).

The predicted distribution maps are shown in Figurel3, shown as binary plots of presence/absence based on

the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similar. The distribution

of the data is shown overlain on the binary map of presence/absence based on Sensitivitye8ificity (Figure

14). Outside areas of model extrapolatiorwhich are minimal, Acanella arbusculais distributed around the
Flemish Cap and on the slopes of the Tail of Grand Bank, Flemish Pass, and Flemish Cap. They are absent from
the shallow waters of both theGrand Bank and theFlemish Capwith low uncertainty (Figures 14 and 15).
Acanella arbusculgpresenceis found on the slopes of the Tail of Grand Bank and in Flemish Paggh high
certainty (Figures 14and 15).
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Figure 11. Plot of mean decrease and standard deviation in Gini Value for the 9 predictor variables in the
Random Forest model forAcanella arbusculaindicating their relative importance and variation
across 10 model folds.
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Figure 12. Response curves showing the partial dependence of the probability of presence on the predictors (Figliig identified in the Random Forest
model for Acanella arbusculaFor each variable, the mean response and curves for each of the model folds are plotted. The plots show the
predicted response to each predictor variable in turn, whilst other variables are held at their mean value.
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Figure 13. Random Forest species distribution model foAcanella arbusculashowing binary maps of VME presence thresholded using data prevalence
(left panel) and a Sensitivity=Specificity threshold (right panel). The perimeter of the fishing footprint is shown on both aps.
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Figure 14. Random Forest species distribution model foAcanella arbusculashowing the distribution of the presence and absence data overlain on a
binary map thresholded using a Sensitivity=Specificity threshold (left panel). Model uncertainty is illustrated by showing ¢hfrequency of
P/A from the 10 crossvalidation runs (right panel). The areas of extrapolation show where the model has predicted into areas outside of the
environment for the presence and absence records. The perimeter of the fishing footprintseown on both maps.
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Figure 15. Random Forest species distribution model foAcanella arbusculahowing a binary map thresholded using a Sensitivity=Specificity threshold
(left panel). Model uncertainty is illustrated as the average probability of the maximum frequency class (right panel). Theeas of
extrapolation show where the model has predicted into areas outside of the environment for the presence and absence recoiidse
perimeter of the fishing footprint is shown on both maps.
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Radicipes gracilis

The most important variables for predicting the distribution of Radicipes gracilisvere the channel network
base (level 3), mean of the range in surface temperaturenean of the range in surface salinitythe mean
minimum summer primary productivity, and positive openness(Figure 16). The models indicate thaRadicipes
gracilis are found areas with a lowest elevation point of500 to -1500 m in the channel network, a mean of the
range in surface temperature of < 10Cor > 15°C, mean of the range in surfacealinity > 1.5,mean minimum
summer primary productivity < 280mg C n® day!, and an open landscapérigure 17).

The predicted distribution maps are shown in Figure 8, shown as binary plots of presence/absence based on
the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similar. The distribution

of the data is shown overlain on the binary map of presence/absence based on Sensitivitye8ificity (Figure

19). Outside areas of model extrapolatiorRadicipes graciliss distributed around the Flemish Cap and on the
slopes of the Tail of Grand Bank, Flemish Pass, and Flemish Cap. They are absent from the shallow waters of
both the Grand Bank and the Flemish Cap with low uncertainty (Figures19 and 20). Radicipes gracilipresence

is found on the slopes of the Tail of Grand Bank and in Flemish Pagtere it associatedwith high certainty and

with presence records. Lower certainty is found on the edges of the presence ar€kigures 19 and 20).
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Figure 16. Plot of mean decrease and standard deviation in Gini Value for thé predictor variables in the
Random Forest model forRadicipes gracilis indicating their relative importance and variation
across 10 model folds.
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Figure 17. Response curves showing the partial dependence of the probability of presence on the predictors
(Figure 16) identified in the Random Forest model forRadicipes gracilis For each variable, the
mean response and curves for each of the model folds are plotted. The plots show the predicted
response to each predictor variable in turn, whilst other variables are held at their mean value.
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Figure 18. Random Forest species distribution model foRadicipes gracilishowing binary maps of VME presence thresholded using data prevalence
(left panel) and a Sensitivity=Specificity threshold (right panel). The perimeter of the fishing footprint is shown on both aps.
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Figure 19. Random Forest species distribution model foRadicipes gracilishowing the distribution of the presence and absence data overlain on a
binary map thresholded using a Sensitivity=Specificity threshold (left panel). Model uncertainty is illustrated by showing ¢hfrequency of
P/A from the 10 crossvalidation runs (right panel). The areas of extrapolation show where the model has predicted into areas outside of the
environment for the presence and absence records. The perimeter of the fishing footprintdeown on both maps.
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Figure 20. Random Forest species distribution model foRadicipes gracilishowing a binary map thresholded using a Sensitivity=Specificity threshold
(left panel). Model uncertainty is illustrated as the average probability of the maximum frequency class (right panel). Theeas of
extrapolation show where the model has predicted into areas outside of the environment for the presence and absence recoiidse
perimeter of the fishing footprint is shown on both maps.
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Random Forest models predicting the probability of the presence of the Erect Bryozod&unctional Group
performed well across the validation statistics (Balanced Accuracy, Sensitivity and Specificity all > 0.7; Table
7) for both the functional group and habitatmodels. Statistics for theErect Bryozoan VME Habitat model were
higher than those for the functional groupmodel (Table 7) with the TSSof 0.73 indicative of ahighly accurate

model.

Table 7.  Model Validation Results for the Presence/Absence Random Forest Model for theect Bryozoan

Functional Group and Erect

(Sensitivity + Specificity z 1).

Bryozoan VME Habitat.

Erect Erect
Bryozoan Bryozoan
Functional VME Habitat
Group
Accuracy Measure Mean £ SD Mean £ SD
Sensitivity 0.72+ 0.03 0.88+ 0.19
Specificity 0.72+0.03 0.85+0.10
Kappa 0.24%0.05 0.38+0.23
Balanced Accuracy 0.72+0.03 0.87+0.14
TSS 0.44+ 0.06 0.73+0.28

Skill  Statistic

Erect Bryozoan Functional Group

The mean of the average bottom temperature was the most influential variable in the model (Figure 21),
followed by the average of the mean of the averaged bottom current speed and the mean of the minimum spring
primary production and the mean of the averagd summer primary production. TheErect Bryozoan Functional
Groupwere predicted to occur in areas of cold bottom temperatures averaging8°Cand with average current
speeds of > 0.1 m-5and high primary production in the spring and summer (Figure 22).

The predicted distribution maps are shown in Figure 23, shown as binary plots of presence/absence based on
the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similar, although the map
based on prevalence has moreestricted distribution. The distribution of the presence/absencedata is shown
overlain on the binary map based on Sensitivity=Specificity (Figure 24). Outside areas of model extrapolation,
the Erect Bryozoan Functional Groups distributed in the shallow watersof the Tail of Grand Bank, along the
outer slopes of theNRAand in the southern portion of Flemish Pass (Figures 22nd 25). The lowest uncertainty
for Erect Bryozoan Functional Grougpresence is found on the shallow waters of the Nose and Tail of Grand
Bank (Figures 24and 25). They are not predicted to occur on the shallow waters of Flemish Cap with a high
degree of certainty (Figures 24and 25).
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Figure 21. Plot of mean decrease and standard deviation in Gini Value for the 9 predictor variables in the
Random Forest model forthe Erect Bryozoan Functional Group, indicating their relative
importance and variation across 10 model folds.
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Figure 22. Response curves showing the partial dependence of the probability of presence on the predictors (Fig2tg identified in the Random Forest
model for the ErectBryozoan Functional Group. For each variable, the mean response and curves for each of the model folds are plotted. The
plots show the predicted response to each predictor variable in turn, whilst other variables are held at their mean value.
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Figure 23. Random Forest species distribution model fothe Erect Bryozoan Functional Groughowing binary maps of VME presence thresholded using
data prevalence (left panel) and a Sensitivity=Specificity threshold (right panel). The perimeter of the fishing footprint ghown on both
maps.

Northwest Atlantic Fisheries Organization www.nafo.int



37

T o:Z o T OZ
Bryozoans SDM [ Extrapolated Areas = Frequency of most | | [l Extrapolated Areas =)
L (sen = spe threshold) L&) frequent class )
¢ I Presence B o05-06
Absence 0.6-0.38
v 0.8-0.9
4 Bryozoan Record N o0.9-1
* Presence z Z
Absence '80 '80
<t <
Z Z
Lo 1o
O O
<t <
Z Z
Lo Lo
< S
<t <t
Z Z
Lo 1o
ol o
—— Canadian EEZ = —— Canadian EEZ =
()_:](,)ﬁm [ Fishing Footprint ()_:l?gm [ Fishing Footprint
[ [ [ ) [ l \6 . 3 [ [ [
52°W 50°W 48°W 46°W 44°W 52°W 50°W 48°W 46°W 44°W

Figure 24. Random Forest species distribution model fothe Erect Bryozoan Functional Groupghowing the distribution of the presence and absence
data overlain on a binary map thresholded using a Sensitivity=Specificity threshold (left panel). Model uncertainty is illuated by showing
the frequency of P/A from the 10 crossvalidation runs (right panel). The areas of extrapolation show where the model has predicted into
areas outside of the environment for the presence and absence records. The perimeter of the fishing footprint is shown orhboaps.
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Figure 25. Random Forest species distribution model forthe Erect Bryozoan Functional Groupshowing a binary map thresholded using a
Sensitivity=Specificity threshold (left panel). Model uncertainty is illustrated as the average probability of the maximumequency class
(right panel). The areas of extrapolation show where the model has predicted into areas outside of the environment for theepence and
absence records. The perimeter of the fishing footprint is shown on both maps.
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Erect Bryozoan VME Habitat

The SDMs for the Erect BryozoaWME Habitat performed better than that of the functional group,likely
because the functional group include several species whereas the VME habitat is mostly one single species
(Eucratea loricat) suggesting that areas of high biomass can be more accurately predicted than areas of
presence (Table 7).The mean of the averagennual chlorophyll a was the most influential variable in the
model, followed by the average of the mean of tHall primary production and thefill -sink bathymetry (Figure
26). TheErect Bryozoan VME Habitats were predicted to occur in areas ohigh mean annual chlorophylla
concentrations (> 0.9 mg n?®) and fall primary production of > 500 mg C n¥ day! and relatively flat terrain
(Figure 27).

The predicted distribution maps are shown in Figure 8, shown as binary plots of presence/absence based on
the two thresholds (Prevalence and Sensitivity=Specificity). These two plots are very similaalthough the
Sensitivity=Specificity threshold map predicts less presence areas on theorthern portion of Flemish Cap and
along the slopes of the Grand Bankoth areas of model extrapolation (Figure 29)The distribution of the data

is shown overlain on the binary map of presence/absence based on Sensitivity=Specificity (Figui®) 20utside
areas of model extapolation, the Erect BryozoanVME Habitatis distributed on the shallow waters of the Tail

of Grand Bankwhere it occurs with high certainty (Figures 29 and 30). They are not predicted to occur
elsewherewith a high degree of certainty (Figure9 and 30).
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Figure 26. Plot of mean decrease and standard deviation in Gini Value for tH® predictor variables in the
Random Forest model for Erect Bryozoan VME Habitat, indicating their relative importance and
variation across 10 model folds.
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Figure 27. Response curves showing the partial dependence of the probability of presence on the predictors (Figure 26) identified in Rendom Forest
model for Erect Bryozoan VME Habitat. For each variable, the mean response and curves for each of the model folds are pldttexplots
show the predicted response to each predictor variable in turn, whilst other variables are held at their mean value.
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