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CHAPTER 1

INTRODUCTI ON

1. Background

The deep sea (defined as the region of t
supports high biodiversity and provides bi
|l east explored e¢®ayst ems ao e.t t Gud the r@ Bcdddr)a | s
including sea penseaaeeosynsi emmowhiaoh ®Ueems
alteringetarnengsamut rppireonvtisdi ng nur ger.iges an
DFO 2015; Baillon et .&heasreexsOclo2e;u éTh esrsaobt| ee t
marine eaoewnst eémat are unique, fragile, st
significant habitat##, samrtiyhnadtlr aiaek s preecci oevse rwy
(Il CeEs, 2010; KenchFAQt\VIAG heetr adll e, maG ahe ecos
threats suchasasorf iesxtimgggt iovd activities, ar
conservat(ie.ng.prbDr0O, tA0d®r a Ratmilade.zt, h € Orlldr)t hw
Atl antic Ocean, the Laotedt ArneaChbE6nBPAMaw:
designated in 2019, encompassi (®PFIO, gR20di7ak
whilkdhve been associated with other epibentt
such as cup sceaanalmoneasft ecthi aloder(mMBai Iclraurst a
et al ., a20Me2,Cla@plple! Kneotwl aeld.g,e yhlp=s) st i |l | e

research on abundance, di stributi on- t axon



sea ecology is needed for the devel opment

the (MPAg. DFOa 22008l67ank68¢7)t al., 2015

For a monitoring framewotketmobt apprceps
tool s anmempepralradic eeVcaodtofgarc 8 mpeangr desi gns

be optimized to ensure meaningf (UNegséeatest.i

al . ,. 2P@n1)t hkei LCe rIMiPAs and Oceans €tnaanda ( DF
indicators (i.e. ecological components suc
di versity, and geospati al measurements suc
envirahmepat ameters) and stressor indicator

fishing), momiaddi nigoRIOMd €S ameuaEBDE@Nd2Q T B wl
Neves et. allmage2rOy21s)ur veys can be used to sa
but other tools may be needed for biomass

(e.g. CTD and other instruments).

The field of spatial ecology is based on
processes off Fvatichhes «c Bleveirm|] 218 ing hy
patternseafdideempsi ty and community structur
as disturbance, compet(d.igpon,asandi spwudsad ihr
Schl acher, 201Shp;atRex, slit%@8&1li)stilasn@()e.cgan gl ob
be used to identify patterns sudlergpsy edaq@grieo
of spatial (Datlec &r rFegledti inagre 2 0 &sdepa ilni ttehrea tduer e
f or -vdeetegpr corals see Cont.i et al ., 2019; Pr
for ot hervamdegaf)awhg RaOr2t0i cul ar , bent hoscap:

seascapes, or seafl oor habitat maps) <cl ass



biogenic structures) and abiotic (e.g. sed
(Zaj acan®00a8BnN be used to interpret spati al
bent hoscape classes can correspondlonoesar ea
& Brewer, 2012; Mortensen et al ., 20009; Pr
and thus may have mtHenaggememrmti | applfichteirgns B
Spatial analyses provide insight dbnmtomadecol
scales, relevant for appropriate sampling

effective research and monitoring.

1. PDbj ectives

This thesis aimed to i mprove omugegaunder st
sampling depsugesattbat atsep arte parlersgtant tbagtrihosmr o f
reliable spatial compari ®@endetnd hh el pneglad aiu
communities. Furthermore, the outputs on <c
provide baseline data for the LC MPA. This
Canadian Healthy Oceans Netwdr k o(nGHONea tlilo)n

activities in Canada.

The thesis includes 5 chGQlpapptfsrannal udi n
conclusion with recommendations for develo
se@hgpt)€hapt-dwe2e devel oped as standal one |
researchcChlape etrtdaesapdbl i shed i n t(hdee peer r
Mendon-a & Met aaxn&i$h a pliefnidreerz.0@2ehd hi gh r esol

transect arrays with multiple spatial | ags



camerCGhapitnef or2 measures of abundance, divel
epi benthic megataenaarg@scimdd imeg oirioghl y mo
pel agxa e.g. fi sh, ,hobeoctahwsre aonusr, saanndp Isihmrg m
appropriate fogr. tOmdiyr aermswrmeredasosdendt hen | mage
Chapt(esrt 2t i onsCRapmnernddy aRnGlvV) , based on t he
requirements for those anal yses. I al so wus
(Chapt)y@ and environmental wvariables for inte
coll ected during our surveys, 9Yypoalvadekde oty
Lacharit®, etoad .an@202&g§dMimdnta p&r oSmeerl tgireosv e,

as wel |l as depth and oceanographic propert

| €hapt,erl Zompared how ROV and drop camet
diversity of the most common(lhasphbhoeaxal of
mor phol ogy/ characteandtexamivnedbtdefiar e mag:
( ROV, drop camera, and trawl), including i/
catchabil ity andChpaopstietri o3pwawauwh laeg3dpatinal
patternglqQA@DOkmm i n community composition,
di s c uspsoetde ntthiea | drivers that could have gen

investigated how assemblages related to be

resol ut i cCrhalpit,aegle g u amtciafl iee & pfaitinledl0 sp aotft er ns
meters) in thesdaséeépibaunan oéi dgegl obal a
two scales (fdarmd ipai red.t2r5%nkdnbhesefode04s |

objectively detected significant changes i

pot éntciaaaGlreaspt,drh 5 ntegrated all results to



sampling designs and monitoring of epibent

some suggestions for future research.



CHAPTER 2

COMPARI NBEPERFORMANCERBPROAEIOPERATED
VEHI CIADROFCAMERMAND TRAWL CAPTURI NG
DEESEAPI FAUNMBIUNDANCE DANERS?t TY

2. Abstract

Deespea ecosystems provide services such as
baseline data on their structure is often

desmpa ecosystems presents a challoefnge for

increasing anthropogenic threats, includin
data from two stations differing in total

we compared the use of-i nmagkevg etloyb lospcefread nebd
vehicle (ROV) and drop camera] and data co
to qguantify epibenthic megafauna in the de
di fferent epifaunal patterns, etphief afuonramer b
particularly Pennat-obbhaedametbodsi absoTheaeus
di sturbance, had higher position accuracy,
speci es asssccailaet idamss;r ifbiuned ons tcroawld. not be

Abundance was greater for some taxa, and d

lde Mendon-a, S. N., & Metaxas, A. (2021). Comparin
a Drop Camera, and &eTar aEwli fianu n@d p tAbruimMdepnntiz.ece lghanrd  CBicwv «
8 631854ps://doi.org/ 10.3389/fmars. 2021.631354

Anna Metaxas supervised t haen aleywsedaoypt neeonthedo ftshtehiep ts.t u d


https://doi.org/10.3389/fmars.2021.631354

sample size for the drop camera than the R

of fs between these tools, including contin
drop camera, respectiuvpelayn alwhsiecsh. cCGudr arfe sewl
to inform monitoring frameworks on the use
recommend further research into tool sampl
integrate datasets collected with differen
Keywords: sampling tools, imagery, sea pen:
area, corals, deep sea

2. Pntroducti on

seq

rec

i nc

t ha

as

t he

rec

Sampl i megadeemsystems (at depths > 200 nm

ause of the absence of ambient | ight, t
al ., 2013). Consequently, we have inves
novaro .etl tali.s, ndWl T eeagacaeyYystbms preewvpi
visioning services (e.g. fish and miner
uestration), cultural services (e.g. ae
y  IHidngr)sen etAnlthe2984®¢ ti me, these ecoa
reasingly greater anthropogenic i mpacts
t disturb the seafloor (i .e. fishing, C

o c efainc aatciian an d Ralmiratde ac rea n vad |. n e r2a0blill)i t
se Iimpacts i s enhanced by the generally

rui t mseta ocfpRarewar o et al ., . 20h7addNeves:



desga communities ex#d0Obiyeaskdwf (Beamood eesy uf b

al . | 20109; Bennetlkgeand beéet aklasd 204%B; alS.i mo:

Epi faunal communities in the deep sea h
which are | owered to the seafl oor and col |

and epibenthic sleds (Jamieson et al., 201

—+

owaeldong the seafloor, adapted from coast al
regul arly used f(dHa&Sipeomeenr cedasl aweilsih2dhsy2f) i, s h
asses(smeaartk D9Ten, trawl data arebutsiednt o

and biomass of me(g@ulalusngad eto mamu.n,i t2 GIs7 ; Ker

2014, 2200 6Mori tz et al., .2013; Murillo et
However, some megabenthos (e.g. sponges
fish, collected through either targeted sa
represented in trawl surveys behAastser oét t &l
2011, Pacunski et al., 2016; Mclntyre et a
For example, corals and sponges may be Ilig

or heavy enough tAudstéeld ethSebgphed@Pamehor |
sedi M&intl i ams 1999; Wi | lainadmss oanmed sApl edceiressl a(dee
Pennatula rubr a, Pennat uPaotoptl elatiangc &7 pgao

contract and wit HAmkarwo 9 mteoCh ehhei esre@laim®etntal . |

Kenchington kangton. 014l . , 1990
Rel atively |l ess invasive tools such as
autonomous underwater vehicles (AUVs), dr o



rovers, and baited cameras, hagenéeahl ysed
hover above or make minimal contact with t
constant speed and height abovedetshter ubcottitvoem
all ow for habitat associati ons xa/nhdi gohe hraevliioe
habitats, and haV&whirghemaReceaR®ddiOh)iecy co
suggesROUstbaptured a higher abOmidminert iof et
al2.0,18D619)0t her i maging systems are also | e:
Unli ke ROVs, AUVs are not tethered to a sh
seafl oor, possibly producing |l ess noise an

al .1,4)20 Drop cameras are towed behind a shi

still i mages, only when stationary and 1in
tet hered and towed by a ship, often maintai
making contact (Drazen et al., 2019). Came
contact with the seafloor, withusbadmohbhsein

Baited camer as -faalel idregp | sy®tde ms, fwhiech r est
seafl oor with an attached bait that attrac
These baited camera systemsermay daptueeei tn

interval s.

While there is a wealth of I|iterature o
comparisons of per f esrema maenpfl a rm gt H eosod sv g re
al ., 2016; FIl annery & Przesl awski, 2015; J

compabons between the tools and their sampl

compared quantitatively the performance of



the same study area (e.g. abundance, diver
studies have compared fish abundance and c
megafauna (e.g. crustaceans, echinoder ms a
ad trawls of different sizeXh(iAyimrantet eal .a,l
2018b; Kenchi rPgtcaum sekti  ealt. ,al20112;,016, Nybakk

studies have compared abundance and divers

humaocupied submersi bles, camera sleds (an
1977) and among AUV, towed cameras, and tr:
have focused on comparing diversity, abund
as VU towed camera systems, or Sbhoeedngame
2020

I n this study, we had the opportunity t

commonly used tools in quantifying megaepi
(Campod), and a research trawl (Campelen 1
| ocaomonise Nort hwest Atlantic Ocean, in the
Area ( MPA) . This opportunity all owed us t

benthic assemblages (abundance of the most

guanti §i edeuBROY and the drop camera; and (

gual ity and sampling bias, such as catchahb
bet ween the ROV, drop camer a, and trawl . W
t wo | odcdatcihomds fwered in megafaunal density,
environment al characteristics, using a rep
research | ogistics related to operation an

1C



technical specifics are outside of the sco
with evolving technology, are highly vari a

as dependent on the research dkjmectives, f

Detected differences in species abundan
varying catchabilities. Although many stud
empirical (gquantitative and qualitative) d
chaacterize the same assemblage have not bee
comparisons can provide insight into the s
capturing a targeted species or dinfgf erent

high data quality and supporting appropria

the collection of relevant basel-dema@® data a
ecosystems. However, our study allsI@atumder s
of catchability, encompassing other tool s,
of interest.

2. BMet hods

2. 3Sludy Site

OQur sampling areas were in the Laurent:i
( MPA) , |l ocated in a deep submarine valley
Canada 20Fi,giumse “( DAEAQOS®HD0 aMdl0O0C 1hbched@mr(it® et
al . ,. 20w 09ampl ed two stations, LC2 and LC5,
diversity and abundance. A map of biophysi

part of a benthoscape <c¢hard4adcOt emm)i zweidt hb yl oiwn tr

11



(0-145, very abundan?®, pepamsekis®é>ana@mmi xedl
sedi ment wif{hasbmei gRastlaali on 2ZC50was cl as
400 m) with |l ow reli@f,, asbpardsaentp d?cckemasmcdosu r (s
sandy mud with gravel traces. The environm
scours, and swiotpset)amtweornes saismislugorpor t ed by L a
and video observations of the slatmpl|l edulad ela
attributed mostly to how the tools capture

environment al vari abl es.

2. 31 hagery

We used two different tools to collect a
I n 2017, we -mepbhoamkedl|l 8tdAB@Asects with the

Remotely Operated Platfohimtper/ Oewanr GEo £ N

Sampling was based on a systematic cluster
recommended for capturing spati allFoprattitne rents
al .,. 1PB8®&nsects were spaced at spati al | ag:
200 m R2F)iguTfreis design all owed us to combir
spati al resolution. We used cdmtciimwou s s it e
Paci fiPd uBetHD camera (1920 x 1080 pixels) t

guantify a&.amphe nROVAriencl udes 3 x 400 W HMI

Il i ght sources, as wel | as 8 x 150 W LED 1
and foonaddisampling, e. g. using the mani pu
Video was stored as a series of MPEG files

segments at station LC2 anditn®d atommemh.t Metg

12


https://www.ropos.com/

voiceover commendaptoinowviadeeédeirediof@ego usin

Rapids Str eanZtab ardd caonr dSecri se,nt i fLiI9@DSPuPb mer si b

date, time, |l atitude, |l ongitude, depth, he
velocity, downward velocity, altitude abov:
from a CTD. Specimens, water samples, and
opportunistically.

Il n 2018, we collected additional i mager

by the Department of TEasheadni, eBeandrdceéeasgdi

Oceanography). The sampling design was mod
1-k m p araalsleeclt st rat ~200 m spacing because th
maneuvering difficult. Stildl i mages (JPEG)
hops of the camera along the seafl oor, usi

(7360 x XAPHiI2s pdxep scamera system haRl t wo QI
|l ight sources, which werAe tooptearlatoefd 2a8t8 6f uilma
station LC2 and 2202 images at LC5 were ca
we only processed i mangess gamemmne og o rediicrhg ttr@an
the transect arrays compar22 Wee ulsreddanieaeen s a m
comment | og and other metadata (date, ti me
provi dedmpoyd ttheec ICrai c adr cwa esws iaf g eaf ptolse Navn

altimeter, and USBL systems.

13
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2. 3TB8awl

Bi omass of all caught <coral species (se
was estimated from DFO (Newfoundland and L
using a Campelen 1800 Shrimp Cosmos Tr awl
t he elngadran ChanndlIMcMRA) uitn azh@l BWea | isshe dl 9a6t) a
two tows, 0.9 naul8cminmat e3 knotenhgthpr ¢6\i7:
(kg) for 5 unbgua fctloomil daecPBumiscyyl i na quad:]
finmarchemmat ul,a Sefa paecnulsepa.t)a, as wel | as t
NAFO region, distance, duration, damage, d

|l atitude/l ongitude, gear type).

The principle of stationarity, that the
occurring throughout a given ndgressancan be
bet ween poi(nDasl eofandntFedetsédmsoBbdidmmar i ty, we
compari sons tkom dbaufaf ewi tahrionunad 2each st arti ng
t r ans eTehhisso mepdlalses ent i re ROPOS and Campod tre

track at waschidgtha tni-kanih es tsaetli eocnt eeda d2 u s

Area swept by each trawl set was cal cul
spread adj ust d rHfdars ttamieney hs pAaasd)i ng a dep!
~ 400 m at QGhheennelsiraemd i me@ medi an value for
on CCGS A( WaNleeh?2I0sXQ )aé . est i mat ed 2t7/be’2armea p e

We esti mat ed?thyi odriawisdiimg ghinbjmasbe(kgtt mat eoc

16



swept by the trawl, af(theroma&isga(td icodmavsesr s(i ko
1000 Y)Briend It ®r by omass (kg), the es®imated bi

assumes corals were evenly distributed acr
2. 31 magery Anal ysi s

Using the Video & tThrea csko fRewa Caeye afpepaFtli uoraet i
Observation ProHwetaindlf OFO€r 8, 32808; Scient
Mapping Servposestidpa0dpta from ROPOS was s
ti mestamps, and i mages were extracted at a
confirmed the start/ end of Ee,ath0 16&)anasredct i
excl udadnsfefct or overl apping i mages. We ai
| mages were incbudédtionat ha%aassaaevsgs mad sesd tbhy
scaling |l asers spaced 10 cm apart, and i f
t he sEafel d2a8rgfivme ex amplGCb sicnuargeedr ys)ect i ons wel
permit taxonomic identification (i.e. remo
the camera, sediment plumes, or sections o
they required > b6OQMWscpoppboogl saet ntge db eitrwe

i magesi mavdiesr wer e dee mesde quunesnutiitaia inayg estuhi et aabel

di st an®ée mofwak. mnalyzed instead. We filtere
i mages to reduce sampling size, making it
fewer I mages), which resulted in final spa

17



8T

Suitable Suitable when Cropped Unsuitable

ROPOS

Campod

Fi g23Eex ampl es of i magery collected by the ROV ROPOS (first ro
suitable (left) or unsuitable (right) for anal ysiof (an gi.mage
was ulmlsamidammd the scaling | asers were visible (middle), then t
the area analyzed



Due to the passive drifting of Campod,
rather than a target distance between i mag
sy, corr esnposnpdasc itnog.~ Hhowever, this was |ike
due to slower drifting of the camera than
protocol (suosfitpdga riemmeogd & J etonali sae22@Gieh)de t h
ROPGSal,y wies anal yzed evear y edktth oinmetfe efaccrh &

(spacing ~40 s, ~20 m) wusing the same prot

Al | megafauna > 2 c¢cm in the | argesest dim
mor phos$wseicngesa reference guide based on Wor
( WoRMSmar gifospecies were too numerous to coc
and encrusting sponges, they were recorded
the point method to estimate percent cover
respegctidwel to differences in image resol ut

that fell onto the uncropped area of the i

2. 3DatAnal ysi s

Wea i mea asvpoaiodv et | ap of s anapnldi ntgh uassmaom gn itno c
potential confounhdsomeedvVercltap MHawelwave o0cC:
trawl track and Campod (CON46) 2at) .L G5 ,ncaend
these tools have different | evels of posit

bet ween their tracks, i n particular for th

’Somermhospeciwsr grroefPhamgter s 3 and 4 (,sebmuetappendi x
not alter this chapter.

19



vessel positi omogiattihemr olinban ddiaveogly mount

i tsel f.

For each transect of each tool, we eval
criteria: total i mages captured, number of
covered by images, and total area loyfsiignage

we selected the most(sabenBigogtdrett &x onn mraidc agr
recorded on at | east 11 of 22 total transe
e ther aggregated to formcgrioumrpaaf (HOi.gher

excluded (i .e. too few counts) from the an

To make the sampling design used by ROP
(which ineld udedsxcaGQ for statistical anal
ROPOS 't r aH)s eicttso (4A gm oturpasn soefc t3s ,40-0200 m apa
(ROPOS_ACE, ROPOS _BDF, ROP®WB_ CE®GPpaROBOShBFH
abundance of the most abundant taxa among
ROPOS ACE, ROPOS _BDF, ROPOS_CEGwawntdy ROPDS
ANOVAs (Underwood, 1997). We dedWicltke dt eas tlsa ¢
anmdor mal quantile plots, and heteroscedaci:t
Al t hough we explored seveanmnd sdguaar & rraoncstf owe
none I mproved heteroshedasetuseedyt hedunobr aa:
databundance of indiwnidibhael ANDVAscopERES SmHN
for significant pairwise differences in tr

tegAbdi and Williams 2010)

2C



T¢

Fi g2a4Eex ampl es of the most abundant taxonomic groups (scale ba
CAnt hoptipl.Rjem)astpul &2, and E) 3Scleractinia (0.) spp.

3 and 4 (see appendix Table AIl . 1).

SSomermhospeciwsr groempadgapt er s
(SC.) spp.

e.AyctiniariaBdwa redpssipalt i2n3i ar FAnt( Do d o s, ppEecd esp et i mHeax aclo.r)a Islpipa



We us8d4maOtlr aROROS st rRROBGRX tasl I() f or s ome

|l ncluding all aggregated taxa, we calcul at
the random method for each sampling design
usedmeoboni @imelntsii onal scaling (NMDS) to exp
compioti on of the assemblages among sampl i ng
stations. Significant patterns were expl or

vari aRMANONE) onCuhei 8rdiyssimilarity matri
using the AAdoniso function. AlIl statistic

packages Tidyverse, Reshape, Vegan, Car, al

2. Resul t s

Overall, image quality was highorfor bot
ROPOS at LC5. For ROPOS, more I mages per t
LC2 (J1a)b.l eA higher proportion of i mages col
were unsuitable, and only half the i mages
often possible to replace unsuitable i mage
i mages werLe sasnalrezmaech.eeded be cropped out o
than by ROP®Y aCta mp®sd aant-d 0b% tohf stihtee sar(elad was
out of i mages with unsuitable sections). M
sea floor was consisemt aadr ohssaldi dt nansa

gual irabda)e.

There were some differences between st a

and some taxa were @2 yorlow:ndPeartnathiel ad ead i (
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Pennat ul acRraot(o® pi Istpnp . Ast eroidea (C.) spp.,
Actiniari 8CPOAKItgym.i a¥9;a (O0.) sp. 23, Ceria
sp.Tab23e a2ddq The only taxon recorded as perc
Hol ot huroidea (C.) SPSE)l.walw elragse Ppterlc@ tt h
ROPOS (all 8 trNdms antds LICEHMAGONOar i ed f or

Campod (all 3 tNOa BV atnd; NLOB26)0. .0B6703

The abundance of taxa varied between to
greater at LC2 than at LC5, but was domi na
sp. 2. (Figure 2.5). Campod captured signi
23 han al l ROPORBe mreastpygln® ahdnot wo of four R

only at station LC5 (Table 2.5).

Mor phospecies accumul ation curves were
LC2 (RBpwrntethe curve was steeper aftacCr5.Campo
A plateau of the morphospecies accumul ati o
except when all ROPOS t rSamgsne cftisc awmetr ed icfdmlrie
species composition exi stzid Th ead6@e e B atsheed towm
t he NMDS plots and PERMANOVAs, the i magery
LC2 (overlapping 95% confidence27B-Gt &r val f

T a b268 .
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Tab2lQual ity of i magery collected by the -ROVFr &R0OsPeOcSt aantd < thaet idar
in the Laurentian Channel MPA .

Tool Transect # Total # Selecte.d # Unsuitable # Analyzed #This Totalarea Areacropped  Average SD
for analysis study (m?) out () percentcrop
ROPOS 2A 276 69 8 62 31 71.92 17.32 23.58 9.32
2B 224 55 5 54 27 60.45 5.43 9.66 6.40
2C 255 63 2 63 32 63.62 4.05 14.55 10.61
2D 259 65 14 64 32 63.96 8.98 19.37 15.41
2E 249 63 0 62* 31 58.61 1.69 12.38 4.43
2F 258 64 35 58 29 67.46 20.20 25.35 12.94
2G 251 62 2 62 31 57.36 8.09 13.66 7.32
2H 257 64 21 61 30 71.63 15.62 17.91 10.21
5A 250 62 34 55 27 53.44 4.69 19.55 10.04
5B 251 65 101 40 20 36.27 13.17 25.09 10.39
5C 259 64 6 63 32 49.31 6.08 16.73 10.63
5D 257 62 100 44 22 34.63 23.06 38.67 12.97
5E 257 64 20 62 31 49.91 21.52 27.53 10.86
5F 266 66 142 38 19 20.50 12.46 37.46 9.47
5G 261 64 83 46 23 29.51 15.92 34.22 9.47
5H 238 59 140 32 16 18.28 13.19 41.10 9.21
Campod LC2A CON16 118 30 26 29 29 55.80 16.16 22.00 13.81
LC2B_CON17 129 33 19 32 32 73.39 17.37 26.62 17.68
LC2C_CON18 141 36 17 36 36 70.33 17.11 27.60 14.25
LC5A_CON46 125 32 10 31 31 59.93 17.06 21.71 12.35
LC5B_CON47 121 31 14 31 31 71.64 19.08 20.16 11.42
LC5C_CON48 109 28 6 28 28 58.21 12.90 20.45 11.94
Not ©&he i mage was inadvertednsyi mabblsedi magesgwprecespl aged by the n
sampling bias, only half of the analyzed ROPOS i maigteablwera&r ead edr op

out, and averroapgpee dp earrceeant( b fSIx) per transect was reported for the s
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Tab2A28u mmary of i magery transect metadata at stda&tciomsd WLEYrazmred
Mean depth . Mean Images Stgrt S.tart Epd E.nd
Tool Transect Date +SD (m) altitude £ SD analyzed longitude latitude longitude latitude
B (m) (BD) (DD) (BD) (DD)
ROPOS 2A 201709-09 348+0.68 1.24+0.31 31 -56.6704 4553298 -56.666  45.53126
2B 20170909 349+0.69 1.03+0.24 27 -56.6665 45.53134 -56.6703 45.53281
2C 20170909 350+0.52 0.93+0.18 32 -56.6672  45.52954 -56.6716  45.53128
2D 20170909 350+0.55 1.03+0.23 32 -56.6717 455312  -56.6674  45.5295
2E 20170909 351+0.77 0.83+0.05 31 -56.6686  45.52792 -56.6728  45.52957
2F 20170909 351+0.82 1.20+0.35 29 -56.673 4552954 -56.6685  45.52782
2G 20170909 354+0.79 0.89+0.15 31 -56.6699  45.52628 -56.6741  45.52796
2H 20170909 354+0.93 1.23+0.40 30 -56.6742 4552788 -56.6699  45.52617
5A 20170912 439+0.61 0.94+0.13 27 -57.5277  46.21105 -57.53 46.2138
5B 20170913 438+0.53 1.27+0.28 20 -57.5302 46.2138 -57.5277  46.21074
5C 20170913 440+0.21 0.91+0.03 32 -57.5298 46.20974 -57.5324  46.21284
5D 20170913 440+0.30 1.35+0.29 22 -57.5324  46.21259 -57.53 46.20969
5E 20170913 440+0.39 1.11+0.32 31 -57.5322 46.20882 -57.5347 46.21186
5F 20170913 440+0.27 1.08+0.22 19 -57.5349  46.21187 -57.5325 46.20894
5G 20170913 440+0.24 1.00+0.18 23 -57.5345  46.20781 -57.537 46.21084
5H 20170913 440+0.29 1.11+0.25 16 -57.5365 46.20997 -57.5346  46.20777
Campod LC2A _CON16 201807-09 340+1.37 1.81+0.58 29 -56.6588 45.53846  -56.6622  45.53608
LC2B_CON17 201807-09 342+1.95 1.72+0.53 32 -56.6598 45.53925 -56.6637 45.53701
LC2C_CON18 201807-10 343+1.39 1.61%0.52 36 -56.6618  45.54047 -56.6655  45.53813
LC5A CON46 201807-09 440x0.84 1.76%0.40 31 -57.5239  46.22137 -57.5266  46.21836
LC5B_CON47 201807-09 439%+1.01 1.63%0.33 31** -57.5257  46.22215 -57.5284  46.21914
LC5C_CON48 201807-09 441+1.22 1.41%0.30 28 -57.5281 46.22326 -57.5308 46.22028
*Some data al@®HPAcH,FNL8ci emdges from CON47 were missing measurements

cal cul at ed

for

n=18

i mages
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Tab23Abundaincei of duafPé§meahoNi 8E) mat station LC2 in the Laurent
and then averaged acrodDateaadlrofCagmpr ds a RPOIPIOBSg AdCeEs | RrOPOS_BDF,
ROPOS DFH ar e avematgreadn sasecatoss.s Bat4aD Of or ROP-MSt abhswete. aver age

Campod ROPOS_ACE ROPOS_BDF ROPOS_CEG ROPOS_DFH ROPOS_ all

Taxon (n=3) (n=3) (n=3) (n=3) (n=3) (n=8)
Arthropoda
Decapoda (O.) spp. NA 0.004 + 4E03 NA NA NA 0.002 + 2E03
Lithodes maja NA NA 0.004 + 4E03 NA 0.004 + 4503 0.001 + 1EO3
Cnidaria
Actiniaria (0.) sp. 1 0.005 *+ 5E03 NA NA NA NA NA
Actiniaria (0.) sp. 19  0.014 + 1E02 NA 0.004 + 4E03 NA 0.004 + 403 0.001 + 1E03
Actiniaria (O.) spp. 0.016 = 9E03 NA 0.007 = 7E03 NA NA 0.003 +3E-03
Anthozoa (C.) sp. 4 0.028 + 2E02 NA NA NA NA NA
Flabellum alabastrum 0.007 + 7E03 0.016 + 1E02 NA 0.018 £ 1E02 NA 0.008 £ 5E03

Scleractinia (0.) spp. 0.962 + 1E01 0.262 £+ 6E02 0.907 + 4E01 0.387 £ 7E02 0.493 + 2E01 0.547 + 2E01
Pennatulacea

Anthoptilumspp. 0.016 £ 1E02 0.007 + 7E03 NA NA NA 0.003 + 3E03

Kophobelemnospp. NA NA 0.007 = 7E03 NA NA 0.002 + 2E03
+

Pennatulasp. 2 6.629 + 1E+00 3.722 + 4E01 igigo' 3.825 £+ 3E01 2.408 + 9EQ1 3.457 + 5E01

Pennatulacea (O.) sp. ! NA 0.016 + 3E04 NA 0.011 + 5E03 NA 0.006 + 3E03

Pennatulacea (O.) spp. 0.007 + 7E03 NA 0.006 = 6E03 NA NA 0.002 + 2E03

Protoptilumsp. 1 NA NA 0.011 + 6E03 NA 0.006 = 6E03 0.004 + 3EO3




Lc

Tabl €C2nB8i nued)
Campod ROPOS ACE ROPOS BDF ROPOS CEG ROPOS DFH ROPOS all

*

Taxon (n=3) (n=3) (n=3) (n=3) (n=3) (n=8)

Echinodermata
Asteroidea (C.) sp. 4 0.012 + 1E02 0.013 £ 2E03 0.012 + 1E02 0.010 + 503 0.012 + 1E02 0.010 + 5E03
Asteroidea (C.) spp. NA 0.005 £ 5E03 0.011 £5E03 0.005 +5E03 0.011 £ 503 0.008 + 3E03
Ophiuroidea (C.) spp. 0.004 + 4E03 NA NA NA NA NA
Pterastersp. 1 0.011 + 1E02 NA NA NA NA NA
Other
Porifera (P.) spp. NA 0.005 + 5E03 NA 0.005 +5E-03 NA 0.002 + 2E03
Unidentified sp. 216* NA 0.006 + 6E0O3 0.092 + 9E02 0.011 + 6E03 NA 0.039 + 3E02

Po sFsuinb lcgud .i nbaut i mage quality obscured polyps.



Tab2l4dAabundaincei of duafPémeahoNi 8E) mat station LC5 in the Laurent

8¢

and then averaged acrodPataadlmrofCasnpxds a ROIPIOBg ACEs i RO$L.OS_BDF,
ROPOS DFH ar e avematgreadn sasecatoss.s Bat4aD Of or ROP-MSt abhswete. aver age
Taxon Campod ROPOS_ACE ROPOS_BDF ROPOS_CEG ROPOS DFH ROPOS all
(n=3) (n=3) (n=3) (n=3) (n=3) (n=8)
Arthropoda
Lithodes maja 0.005 + 5E03 NA NA NA NA NA
Cnidaria
Actiniaria (O.) sp. 1 0.065+ 2E02  0.006 + 6EO3  0.029 + 2E02  0.018 + 1E02  0.008 + 8E03  0.017 + 8E03
Actiniaria (O.) sp. 23 0.531+3E02 0.070+£2E02 0.070x2E02 0.084 +2E02 0.058 + 1E02  0.078 £ 1E02
Actiniaria (O.) spp. 0.033+2E02 0.060+1E02 0.087+3E02 0.090+4E02 0.089 + 3E02  0.083 + 2E02
Anthozoa (C.) sp. 4 0.006 + 6E03 NA NA NA NA NA
Cerianthidae (F.) spp. 0.029 + 1E02  0.006 *= 6E03 NA 0.024 + 2E02 NA 0.011 + 9EO03
Flabellum alabastrum 0.018 £+ 2E02  0.007 £7E-03 NA NA NA 0.003 + 3E03
Gersemia sp. 1 0.012+1E02 0.010+1E02 0.019x2EO02 0.010+1E02 0.019+2E02 0.011 + 7EO3
Scleractinia (O.) spp. 0.127 £+ 6E02 0.016 £+ 9E03 0.028 + 2E02 0.016 + 9EO3  0.044 + 9EO3  0.022 + 8E03
Pennatulacea
Anthoptilumspp. 0.037 £+ 8E03 0.044 +3E02 0.016 +2E02 0.053+3E02 0.036 +4E02 0.048 + 2E02
Kophobelemnospp. 0.030 £+ 2E03 0.012+9E03 0.035x4E02 0.012+1E02 0.035+4E02 0.021 £ 1E02
Pennatulasp. 2 0.051 +5E-03 0.004 £4E03 0.022 £ 1E02  0.004 + 4E03  0.015+ 2E02  0.010 + 6EO3
Echinodermata
Asteroidea (C.) sp. 4 0.003 = 3E03 NA NA NA NA NA
Ophiuroidea (C.) spp. 0.013 + 8E03 NA NA NA NA NA
Pterastersp. 1 0.014 + 1E02 NA NA NA NA NA
Other
Porifera (P.) spp. 0.006 = 6E03 NA NA NA NA NA
Unidentified sp. 216* NA 0.008 + 8E03 NA 0.008 + 8E03 NA 0.003 + 3E03
* PosFsuindlcgud .i nbaut i mage quality obscured polyps.
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1e36), see Table 2.1 for number
* denotes taxonatt harne wafs tomd sye f otuantdi on s .



Tab250&nway ANOVASs

(type 2)

on untransfor med

(

design: ROR@BOACE, ROPOS_BDF, ROPOS_CEG, an
40 transects) for abundant taxa (present
LC2 and LC5 in the Laurentian Channel MPA .
. Sum of F P
Station Taxon Squares Value Value Tukey HSD
LC2 Actiniaria (O.) spp. 0.001 1.735 0.219
Residuals 0.001 - -
Anthoptilumspp. 0.001 1400 0.302
Residuals 0.001 - -
Pennatulasp. 2 28.4 3.457 0.051
Residuals 20.6 - -
Scleractinia (O.) spp. 1.19 2.428 0.116
Residuals 1.23 - -
Campod> ROPOS_ACE
L « Campod>ROPOS_BDF
LC5 Actiniaria (O.) sp. 23 0.510 92.351 <0.001 Campod> ROPOS_CEC
Campod> ROPOS_DFF
Residuals 0.014 - -
Actiniaria (O.) spp. 0.007 0.775 0.566
Residuals 0.024 - -
Anthoptilumspp. 0.004 0.575 0.687
Residuals 0.019 - -
. Campod> ROPOS_ACE
Pennatulasp. 2 0.004 3.919 0.036 Campod> ROPOS_ CEC
Residuals 0.003 - -
Scleractinia (O.) spp. 0.026  3.037 0.070
Residuals 0.021 - -
SignificahtkShaptrodor Paelnln a{tdphQVRAs aex L E€Rt
Significant Leveneds tesAnfhopthiBRyumandniL&bi a
Scleractiml a=0a@b)* s pPHpAOrLl .bot h st aBtaiscerds ,o0 nd fme=a n4 , |
abundance data by transect.
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(A) 17 Stress=0.032
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usi ngCWBrrtaiys di ssimilarity with 95% ClI for ¢
LC2 and LC5; (B) station LC2 for each samp
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Tab26Per mut ati onal mul tivariate analysis of
matri x dGumtgi Bradaiiyssi mil arity and 999 per mut
sampling designs Campod, ROPOS_ACE, ROPOS _
(830 transects) and station (LC2. and LC5)
Station Factors Sums Of - Mean R? P
Squares Square
LC2 & LC5 Design 5 0.72 0.14 1.67 0.05 0.102
Station 1 8.66 8.66 100.31 0.66 0.001*
DesignX 5 o079 016 182 006  0.058
Station
Residuals 34 2.94 0.09 - 0.22 -
Total 45 13.10 - - 1.00 -
LC2 Design 5 0.38 0.08 1.61 0.32 0.151
Residuals 17 0.80 0.05 - 0.68 -
Total 22 1.18 - - 1.00 -
LC5 Design 5 1.13 0.23 1.80 0.35 0.036*
Residuals 17 2.14 0.13 - 0.65 -
Total 22 3.26 - - 1.00 -
*Denotes svaghiuelUs@iUBgmg 23 taxon in total,
found only at one station. Based on mean a
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The trawl only capit))urwidt m dwevr dlalx al d Wadb:
except for sea pens (taxonomically not res
areanged from <0 oPPeln ntaot ull.a4,5¢c fgi ket y!l € htasame
aPennatpuflradm the i mager0p aoabyp&izd L2214 08 0N

NO.®H0to O.®®atNLC5) .

Tab27€or al bi omass from Fisheries and Ocean
Labrador Region) multispecies surveys usin
trawl set at station LC2 and LC5
. Mean Weight of Es:tlmated
Site Date depth (m) Taxon catch (kg) biomass
(g m?) *
LC2 04/14/2010 347 Funiculina quadrangularis 1.4 0.05
LC2 04/14/2010 347 Halipteris finmarchica 0.14 0.01
LC2 04/14/2010 347 Pennatula cf. aculeata 0.1 <0.01
LC5 04/27/2010 429 Sea pen sp. 40 1.45
LC5 04/27/2010 429 Duva florida 0.4 0.01

*Esti mat edg Bm ofnoars sp r isnpoetc ta cveeu roantl ey cfadre f ur t h
di stribution anal yses.
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Tab28Qual itative compgriisngnd oofl st Hraea emot el y operated vehicle
800

trawl (Campelen 1 Shrimp Trawl )] for captusieagmegbheei éaun
Ecological Tool
Attribute ROV Drop Camera Trawl

Demography
Based on imagery, po§S|bIe to . Based onmagery, poss_lble to . To species, but lacks consisten
morphospecies, sometimes to speci morphospecies, sometimes to speci

. . : : as some sets are grouped to

1. Species Physical samples, if collected, can Lack of physical samples for

) o e e order/common namé&amples

identification  resolve verificationlmagery can be verification.Imagery can be re

: . are often not stored for further
re-analyzed by other taxonomic analyzed by other taxonomic expert: . e
, . . : identification.

experts if desired. if desired.

2. Mean o e
# individuals n? by transect # individuals n® by transect N/A

abundance
N/A; may be inferred for some N/A; may be inferred for some 1. .

: N . . RS . . # kg trawt*; can standardize tov
3. Biomass species if reliable size/biomass species if reliable size/biomass . . .
) . (i.e. 0.75 nautical miles)
models are available. models are available.
Sizing possible for objects > 2 cm o1 Sizing possible for objects > 2 cm ol
same plane as scaling lasers (if same plane as scaling lasers; or in  Specimens can be measured
. present); in absence of appropriate absence of appropriate scale, relativ (minimum size depends on

4. Size & . . . . : . . .

scale, relative sizing (adult vs sizing (adult vs juveniles) is possible largest mesh size and catch

recruitment juveniles) is possible. Caution: erect It is also easier to see objects <2cm efficiency). Note: not common

fauna requires a more appropriate  some imagery. Caution: erect fauna practice.
scale. requires a more appropréascale.
a(wal sh et al., 2009)
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Tabl €C@8n8i nued)

Ecological Tool

Attribute ROV Drop Camera Trawl
Bias /quality
control

Mobile animals may be
attracted/repelled by continuous
presence and lighting of tool; repeat
counts possible if individuals reentel

5. Catchability
and sampling

bias the transect at multiple points (i.e.
follow the camera).
Image quality depends on camera
resolution, filecompression/type

6. Image chosen, speed of movement, altitud

quality off the seafloor, sufficient lighting,

and degraded quality of imagery
during extraction of frame grabs.

7. Speed over

Low efficiency for sea perfs
(possible retraction may preem
Disturbance of sediment could caus capture), and varying
aversion/retraction maybe preemptit catchability for various fish
capture; repeat counts possible if  species. Catchability/spread of
individuals reenter the transect at  the trawl may be affected by
multiple points (i.e. follow the obstruction, improper rigging,
camera). net damage, depth, amount of
warp, stability of the vessel,
currents, and bottom tyge

Tool can disturb sediments which

may obscure imagery. Image quality
also depends on camera resolution,

file compression/type chosen, speec N/A
of camera, altitude off the seafloor,
sufficient lighting. Note: Video not
useable.

& (&m B! dependingoncurrent & 5. 6% gkven 0.5 nautical

ground for 4 0. 7-5withauntifuous video, drift; images capture rate depends ¢ mile for 15 min standard
fsséllﬁlti(e))r(]tem/ target of 0.25 0.5 knots. flash recharge (i.e. ~10 sec). orotocol.
a(Wal sh et al ., 2009)

CChi mi ent b, eke naclh.i,n g2t0oln8
‘(McCallum & Walsh, 1996;

et al ., 2011)

V8zquez, 2010; WwWal sh, 1992; Warren,
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Tabl €C2n8i nued)

Ecological Tool

Attribute ROV Drop Camera

Trawl

Very flexible (i.e. live videopause, Limited (i.e. live video, stop, alter
restart, alter pan/tilt/zoom and capture rate/imagery specifications
lighting) and lighting).

8. Realtime
quality control

Advanced position accuracy (i.e. Good position accuracy (i.e.10s of
using 3 different systems USBL, meters, using USBL but poest

Not recommended quality
control adjustments during traw
could affect area swept; mostly
done before or aftdéow (i.e.
redo tow).

Limited positioning (i.e. system
is ship based with accuracy of
10s of meters). May use

9. Position gyrocompass, DVLY. Reattime processing calculations rely on ship calculations to estimate trawl

accuracy positioning adjustments possilfilee. GPS). Passively drifting system, rea position relative to ship or
0.2% of position depth, ~ +1m when time positioning adjustments not assume same position. Protocc
depth is 500 m). possible. does not allow for regime

adjustments.
Other
10. Minimal disturbance, slight Some disturbance of sediment durir . :
, . ! . _ . High disturbance of the seafloo
Disturbance  resuspension of sediment localized bottom contact; hopping of camera « sustained bottom contact
of the seafloor width of ROV (i.e. ~2m2). seafloor. '
a(wal sh et al ., 2009)

dCanadian Scienti flix®5320mersi ble Facility,
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Tabl €C2n8i nued)

Ecological Tool
Attribute ROV Drop Camera Trawl
Limited [i.e. CTD,
SCANMAR/SEATRAWL data
very flexible [i.e. CTD; Ogr:‘?rvr:a%]izmlitrysazcelts (vesse
11. Auxiliary  georeferenced water samples, Limited to postprocessed metadata P ] g
. . . . . . vessel position, set number,
data, sediment cores, specimens/planktor (i.e. date, time, latitude, longitude,

sampling, and Navigation data (time, date, latitude, depth, temperature, altimeter, and

metadata

12. Processing
time (excludes
quality

control)

longitude, depth, & ROV rotations

and altitude)].

High; depending on image resolutiol High; depending on image resolutiol
complexity, ancdbbserver experience complexity, and observer experienci

(i.e. ~6.5 min per image).

camera rotations).

(i.e. ~7.5 min per image).

depth, as well as the
start/end/speed of tow), and
sometimes Roxann is used to
collect data on substrate.
Specimens usually greatian
mesh size.].

Low to medium (i.e. minutes to
hours depending on catch).
Processing includes removing
specimens from net, on board
sorting, identification, weighing.
Note: further processing
onshore, not included.
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sponse to the motion, sound,

loiwglvte rent ihrrommemt c akher a prod

unsuitable images, as the to

abundaPnecnen aitpudl rab ¢ tciuth iaa d iya f owe

camera th

curves did not reach an

mages were reduixsomelcitfoi ¢ ul | vy

he tools had differen

poor I mage gqualitydcompro

mi | ar col ol
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(Tad8)Anot her study comparing i magery from 1
similarly concluded that higher resolution
faunal densities an{d Saboennng. EMzmgmal ROR2O0
altitude for higher resolution imagery sho
(Schoening. eA taolwed 2c0a2nde)r a produced i magery

sampfrom an -8l tm tllhdmn orfesul ting in reduced

identidoceasien al ., 2009).

Sampling adjustments that enhance i mage
analysis, such as constraining the altitud
movement . I n addition, certain video i mage
i mproveati®esno and all ow reliable detection o
di fferences in catchability between tool s

for capturing morphospecies with different
a bnud avnetr saise mo r pahfofsepcetciineg )t €atl ¢ p @abnifdloir tmya n ¢ e .
sampl i ngh Ibli as&emmleiemdg t o be compared quantit
species and ecosystems by sampling the sam
preferably at the sameéestiime.ufdiyo ¢ahuart kcnoomwpl aer
empircatadhagbil ity ftbomtRa@W raanpd caa nterraaw |t o( wi t

wing spreadgviawebtel peerature

Trawls are used( Tmenkaslesst falsh, s2®&4&;s Mc
and someti mes invertebrates, s uhcohl oatsh uorcitaonps
and some dangepi as @( AdaomsaretAyania. etl K95,

201®hi mi ent ib201%;] .Di RMPlastc urad ki, &t02a&l;. , 201

4C



al ., 2007; Wassenberg eQt taelr. ,t r2a0wll 2s; hzahvuel aay
mouth that iIs better suibedsfeffeaptuei hgr
fauna (Jamiesanteisabt pupyd201®&e. showed di ffe
abundance for sea pamypl (e@rfdeprmRREN nkad ud ch cema
bi omass data from the trawls. Trawls may h
invertebrates than Kteme hdengga2@®dhggasanead RBV.
sea pen catch efficiency for the Campel en
densiPeywnaft uwasrhbgler based on( ROiVmidanti té&

al . ,b.2018

Trawls are | ikely more appr oypeati aitre tfhoirs
st wWdyop @aRi®@¥aappeared to capture sessile f
effecRawvwtelytudi es have also found that tra\
diversity compared to imagery returning hi
species ¢.2901INVbR@ ket e 189191Bz maentn 1a91Y.7, The hi ghe
abundance recorded from trawls for some sp
butterfish, were I|Iikely the result of a ph
submer gialmee aos | etd 1OWFz/iMma e bl ¢a8l1@.4,7) recor ded ¢
hi gher fish abundances and diversity with
varied with habitat and functional group,

abundances of species with cryptic or terr

Comparisons of data obtained by i magery
toalppear to have different catchability I

pattler nsur itghdyc¢ atademwvien ¢gd tvgintulmer i c al abun
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captured by the trawl nsaeya hpaevne sbpeéecni & sh ea tr ec
st ag(iLcC® nal | er b eaidmi gsibewaalusseet dsfamwé s have red
cat chbatimailtly s pekKo ghso lsadcgifmifeesmc hi ngt on et al
Kenchiengtad®d,l 30 repomeaswi ghitwi fm@r tihne sea
t he Laur enandnowrhainmaedery suggested the cor
by stAdtdiian.onally, some sea (@PAmbBox bestveala ,wi't
2013; Chimidntliardt an wehti BOM.8r es8Q90) j n an

underesti mate of abundance and bi omass.

2.5Qual i Camp arei $ooon so f

Overall toomagappeared to per feaxrom olgd tctad r
attributes with fewer sampl,i nagi tbhiians eas samad |

foot(pPTaddtle. 3 At bol s can be used to identify

for image analyses, which can be verified
by a ROVbuwtr notawd. dHowe wearmertaaxonomi ¢ i dent
i magery is constrained and effopHoweloh gt odl
2019)Siaxiangcan all ow for examination of pop:

evehBak and Meest eerts 2a0IB)8,8al tChhouwmgR ntthi s 1 s r
common practice for most .ofl malge rtyr analy Daemmpu
esti mate stiezecdnltyaxaf Ilrydmg on, thwet siameo wprl a
study, the scaling |l asers in both drop cam

to size sea pens
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Toslpeci fic operational effects Iikely i

noi se, and physical di sturbance of sedi men
some morphospecies. Fish behavioral react i
in previous studies (Adams et al ., 1995; A
et al , 2004). Obhtrudtaicomy si mmrecopan ngi ggi |
amount of warp, stability of t hteo vafsfsedt, ¢
trawl sampling (Walsh et al., 2009). The R
which was otherwise |imited for the drop ¢
passive tow sampling nat28ne drosoperoatiin@n ag

hi ghest for thrdRO¥tamatell 4asm~ N 10 of me

and trawl, although the trawl position acc
equi pment is mounted on theaeveasisredit whbher
trawls tiismehet dep8h to the seafl oor and the
behind the vessel (Jamieson et al ., 2013).

The ROV sampled at a ratedaofshmmapgreaxi mat

di stance than t he) ;drtolpe ctarneewla had 8t Kkem rho st

athb5. 6

lkma®d)Processing time was estimated t ¢

~6.5 min per image for ROPOS and ~7.5 min
the higher imagery resolution. Trawl proce
from minudependi hguos catch size.

Ulti mately, the data collected using di
of anal yses. For example, the more f1 exibl
referenced faunal records col | e¢ waenda |cyosnetsi n

43



of spatial structure 28nd ¢$spechesobttdhecieanr
bet ween data resolution (complete transect
and i mageagualkilltyas sampl i ng/,p rwohciecshs icnogu ltdi
affect Cwrealayhdes.rme control of sampling, |e

position accuracy than trawls are desirabl

2. 5Fgt Resgsear Recamdhendati ons

More baseline data are needed deepmpnders
secaommunities and develop strathggizes £br amo
201Panovaro et al ., 2017). However, for thi
guantitative tools should be used. It i s e

efficiencies i n c,apotfutreinmrge ednildfefse rinegncto nsppaer caibd

Further research is needed into the wuti
types of analyses. ROVs col I-egxdcidfait@a hamitt &
relationships at more spatially discrete s
bi ogeographZitulady i eiti Kelgsr ez@h99)xh foci shou
relationships, other biometric relationshi
ground truthing, anddevcedtocphmeebnitl iotfyh bspteunteitersi .c
(e.g. inferring flhiooomagsgsawllr cmticrhaegercya)n hel p
data from the ditfhfeeruesnet otfo ohliss,t oarlilcoawi ndgat as
move toward | ess (d@&hsitmiuecntiiv eeRtensaala.t,o h2 0nlg%)t
and empciormpcaarlelsy t ool s should be prioritized

ground truth data and un®acs@ei kK&l Oclgt)chabi l
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suggested using both ROV and trawl to asse
met hods to combine data from the two tool s
to either their visibility (i.d.n omoyspti c)

stufdKassanevak. sRedearlch i2tl® )met hods f or ¢
needgeod,entially throu@bBerme pkheoteot maols.a,i ck0 he

2019; Kwasnitschlateéty, ali mag20 Y¥c3aatpcpheaabrisl ittoy

sessile fauna coampareeidnitineen stirvaewlt,o yperto des s .
i nawt omation of i mage processingsewil| al s
res e(aer.con. Lacharit® et al ., 2015)

2. €oncl usi ons

Overall, imagery tools appearad atwd bet't
and provided more informati ve -udpataansaeltyss etsh,a
such as on spatial st Wecf ewademd espgeaaitedra

cameras may be better thanARKROVEi ati‘@apP@®u)y i :

anRlennatpyard di(vmeorrspihtoys peci es ac c uoniulsatmeo n

taxonomic ppgrsesupmdy due to its higher i mager
specidewever, more research is needed to ul
tools, and allow for better interpretation
sampi hngeap enviCGaotncnineanbtisl.i ty studies are ess

we are effectively and quantigiioell yatctarpitbuut

ensure high data quality and accurate repr

“Actiniarimnerf ®mBdvsdpredps2idal Chaptesee8 ammpemdi x Tabl e Al
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CHAPTER 3

REGI ONBILVERSI| TYSPANDRATTERNSEPOBENTHI C
COMMUNI TI ES LAWURENET ICMMNNEMARI NE
PROTECTARE A

3. Abstract

Megaf auna, wadeh amdr @adhléccr t elcmaat s omot e di ve
through varsooabprgsiatessesbioturbation, com
as habitat engineers. Further investigatio
community struciturree abhiedehres idteye p asbeuandanc e,
of epibenthic megafauna (O 2cm) were quant
Protected ,At e nesgcCaalneasdial QA 0 § s k m) -ruessionlgu thiiog h

i magery from 15 stations. A patchy communi
with station andwlhiemdh swmassc@ampegedlacgi cal f act
assembl agédd )i "olmicha®edn stpulca®r ahsl/ or Hexaco
spp. in shallow eastern benthoscap(eZa)c!| asse
di verse mix ofAntahxoaps tfiel. Kgmaphdoehae 4 pgmmsA N
anemones/ cerianthids, etc.) in deazmpee (> 4
and high diBaerisguey community dominated by s

taxa contributed to mosandiseemmuhibti eseweb

SManus,umidgtr .revi ew

Anna Metaxas supervised t haen aleywsedaoypt neeonthedo ftshtehiep ts.t u d
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within 10 km but could differ at greater d
environmental afnmutbert s m@&.) O ¢ hd e pcphbamsgiebsl @ nf o
di versity and abdntamaleintt aatss .a Ad dixtyi dmal st
spatial and tempor al resolutions are neede
study advanced our understanding of region
composition, and dnmuelr giiteys, o fadapinlge ntohiimntc
ecol ogy in -acplrevstowdy.f iMmddfirtan naadr iys thedmnyp | i
inform future monitor i nigvedeasnidg nnse atnoi npgrfouro ts

assessments.

Keywor ds: nmmoengiatfdarusnhag,ialsseimeicay egy, mapping

3.Pf$htroducti on

Taxonomic diversity is thteeomtewomleubDif om:
(e.g. speciation and -geograpblicgidcalpepsat e
competition(aedipr edalan otnh & O0dbelep sea, megal
anfdi sl >xnm) can promote diversity through m
bi oturbation, competition, and facilitatio
i mportance of each pr(dMced aiins &n &ic healcéhrean d
hyopt heses have been proposed to e»xgll aidn ngat
some that integrate different processes on
bi ol ogi cal di st ur banc ec oanmpde tniitcihoen poarr tsiptaitoina
(e. g. Mccl ain & Schl a@abbedynamhildé; efRekl i BB

integrates productivity, competition, pred
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patterns (iHusdioner 4i9i79YAs Rkeexpt h 9i8nMgr eases, C

di spl acement rates are hypothesized to dec

shelf and upper continental slope than the
di spl acement . I ma | tthhep wirgahk th o iwé wsdegae c emafl ce sElyeset pe m s
and biodiversity has increased substanti al

(Botel er aentd atlh.ee QeOm2s3uys of Marine Life (Sne

still exi st ,wdtnerl uadadrngl fooammnowdidt i es.

Sea pens are pwiamearilkcyraé¢ssithatcalhndhor
using a peduncle, although several species
sedi.®@enteral species have bede8n yeesatrismatwe d ht o
generally slow growth of( Gr.eceleyqQ. @D 2t2g Mu9
201Negves et2®@18; WiOIlsson Seeta ople.a,g 2200nd )mpor t an
functionabedbment nepwd spabdme dtisn,g bi ogeni c v
habittrautctsur e whi cktal he,r auddr iperecivisisd es nur s e

protecti(oen gf.orBafiilsthon et alln, the@lXNorTihweast

Atl antic, sea pen speci(eBaihlalvoen beete nala.s,s 02c0i1l
al ., akdd2®&pc(rMifatutnea & Snel grove, 2022)
Sever al environmental factors have been

observed distributions and as predietors i
water corals. These factors include depth,
choropahyy lilmportant pr éeéi gt oBakef abuatdancael
al ., 2015; Gull age et a&l .Lacldr7i;t e& cMe thax «

Mur il |l o eQt hadr. ,g e200l106g)i c a | vari abbesdgi smmeah as
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creat
but h

2021;

I n
di ver
are u

on bi

ed by Faa®r,orcloOuddd) dal so play a role in

ave not be(edne tMeonrdooung-ha y& tMesttaexdas, 2024
Sumida et al ., 2004; Webb et al ., 20
the deep sea, data on environment al
sity of epitemnbitc emégaf amnappropriat
sed instead. Bent hoscapes are such a
ophysical sea floor classification of

sedi ment pamidc gfeedantour es)gcohajoentsda@addpl e, U

epi f a
Labr a
south
( Mor t
sel ec

and d

Th
(sout

cont i

unal communities were f dNewdoumddiahde ma
dor(,Pr@aundaf doao t, €ti sahl .a,s s20mbd)ages on a s¢
west Swanklor migtgeal(wel P023) megafauna i
ensenaed Bhe, M20O0OPOY) i(alno nceosn t& nBefnbteeelr , s |2
tion of the components is subject to

ata availability.

e LaurentiansBbehhnetrougha tooased in .
hwest of Newfoundland) between the St
nefTadd slhk0ZX®)9, the eastern padrtion c
esignated as the Laurentian Channel M
onservation priorities being th .prote

e channel |, sui tabl e habitats for sea

di stiroinbutodel s using pri mar i | ghldoerpohaphmylltle mp e

tr awl

Gul |l a

bycatch data as predicGoirjsathatetvaal.

ge et Sal tab2@1hlabitat was al so projec
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using simi(l@ul lpaediacttVaals.o,us2 ®@lt7h)er i nverteb
observed within the channel in past I mager
anemqreesg. LacharFiitsheagti esl .a,nd2@0xC®k)an Canada
wor k towards characterizing the LC MPA and
t he spatofal mp@artdeuenasol ogy i n the region are

seaspen

Esti maabogdahee of sea pens is challeng
possible retfkencloinndgtdanve ofulad xi, b i210iltly or f
(Auster etFalt.th2aO0ONéwfoundland region, res
hi ghest biomass of several sea pen species
have | ow catch e(fGhiicmieennctyb;, fedte nasl b. & n p2e0ols8 et
Sea pen biomass was predicted to rbel ulputto
|l ower e( Geiwjhamrro.Hetghas ol,ut2i0olm6)i magery can p
accurate measures, as it has a higher <capt

Chi mi entib,etanad .c,can20plrBovi de i nsights into d

not possible with trawl catchkmadilglsti g eatanal
avoidance behaviours can also |l ead to samp
sampling methods vary based on the species
behvi our s. |l magery appears to capture abund

(e.g. sea pengXChhhent teatt bt ledhen aMea radvd2rd-1a8 & Met ¢

2021)and all ow for anal yisnesbdfur y@aat ioals. patt

Il n this study, we investigate the spati

assembl ages, particularly sea pens, i n the
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resolutiwenr Lmageangti fy region@0Dsspat kambs) pa
community composition,diabdansganget emmmidaldi drei
patterns in diversity and abundance; 3) in
related to benthoscape classes; and 4) bri
study compl ement s -pc @avtetoqursn ss t affd ieneeddeofrthafm-aae
& Met axas,, 2f0i2dh &M@ 4i) n f(aBuonual airnd tehte aLlC ,MP2A0

Snel grove,. Z®B2l ma2d2nyz) broad scale spatial

management of | arge MPRAIsti Adei sca@aihas wielsle aa
establish a times series and better wunders
epi benthic megafaunal communities.

3. Blet hods

3.3StLtudy Area

The Laurentian Channel Mar i ne?iPr ocatreecat,e d
|l ocated in a deep glacial troudDFtOg t he so
20b)I9T hler o &cchearn n e | i's approxi mad edm wioOdDhe kamd o
maxi mum depth of 522 m i.n Wihe i Qacbpchtd MBrAgietd
from 51 to 497 m with predominantly fine t
(Lacharit® dthealar gea2B28) underl ying geomorp
scour s, pockmar ks/ pits, and varyiregi®hope,

into different 3henfLheathaapdeskx) .eFi qgure 2020
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CANADA '
} v

e 2017 ROPOS Stations
e 2018 Campod Stations
[ Laurentian Channel MPA

Benthoscape

A1

- A2 ZAB\
B1 2CD

N B2 2 EF \

i 2 GH ~~
C2 \\\

T

Bl TZ2 0 60 120 Kilometers
I | | |

Fi gBlfFd ft een sampédrede ptt aldd @antised bvbiutnhdiarr itelse o
t hLeaur enti an Channel MPA. Top |l eft inset sh
Newf oundl and, Canada. Black dots and bl ack
to sample with ROPRP®St i aje 2Q@B2EL DPEAH, r 2adn d4 0 0

GHwere spaced 10 m apart and 200 m from th
represent the modified transect3anwamsw$e®
(e.g. 7TA,wé@&Be sapadc&«€)200 m apart. The nde
classdfhayat was based on geological varlab
sl ope, depth, and sedi naobharpt®&vededl|l and?286

SFor detthbéelns homrms cape cllaRsespersi nste eo fTLadbalbeh A I ® . &t i nal . (
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3.3Data Collection

We collected video at 7; s ¥atg)uowist3h 2a 3,

downwaacdi ng | nsi-RRleusPartD fciacmeZreaus( 1, 920 | 1,0

remotely opRORO&WW.wem)osl-&90 NnEept ember 2017.

array of sampling transexctparatl |edch ratnasteicd
alternating distances of 10 m and 200 m (i
(Fi guyefor a total of 56 transects; naviga

(i .e., depth, altitude above seafloor, | at

Il n 2018, we used t he whkrdo p ycsdamenr avi @ahmpaads
operated by the Department of Fisheries an
Oceanographyl}retgooloonl s$ect!| at phhest dJIPEGY ( 2,
14, 17, 18, 0 gu2ewidamMds2&ti on b umdaiamg jou s |
t hLeC MPA-10ln J8ul vy. | magess wiemtecerctaplt amma ewia fae ¢ 4 [
of the camera along the seafloor,(Us36a@ a
I 4, 912Dupei xteo sl)i mi tations on time and maneu
modi $ampl i ng array with 1 -kkno |30 ntg aawnsde cstpsa cae
m apart3l)Fifgurea total of 26 transects. Nav
| ongi tude, devetphe,ovaindde dalftoirt uedpec)b cemagagabf e
Navnet, CTD, altimeter and USBICasnpotde mhsa dby
| ower position accuracpPN of rh OfsoAkddR@R®»B.AS ,
specifications for both imagery tools and

(de Mendon-a & Metaxas, 2021)
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http://www.ropos.com/

3.3l lhage Analysis

Overall, we aimed to avoid spatial over
combi ned ROPOS and Campod dataset. For ROP
record per second) and video were synchron
Protocol( OFdOfPt ar3e 8¢c , Huetten & Greinert,

Services Now®dnOl9gppi ng I mages -wetra&r g dnte ni retxd

gener al'f mmger yt4rget interval ~ 6 m) was s
to ehleed (i .e.,% imagki agehaseBbsmspaced 10
clarity permitted taxonomic identification

they required > 50% cropping to remove are

(i .e., suspendedmpbhstnebest hpetamecaa sedi
of low Ilight), and the né&tmswaseanalayzegdsi
This selection protocol resulted iamagan ave

for ROPOS (NBEanfg..eiédanm, n=5@80.Rangd:. &.o025

Campod, 'femaege Was a target interval of ~ 4C¢C
m between anal yzedSH:mal§8e.s2 3 gm,annd=2née;anr ange:
18. 76 m). Although the sample si 8¢ &as | ow

Al2., t hersdatnad gwedi sediar e 4nedt ¢ r ancrecead o mal

anal yses comparabl e. ExampMenidmagar & Wert a x
(20.21)
Megafauna > 2 ¢cm in the | argest di mensi

mor phdthexd owest bagxemommlcoll eyelcharacteris

i magegiymdgor |l d Regi ster of M#der icnael cQupl eactieeds ( V
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taxonomic numerical abundance used in al/l

mor photaxa with few count s. I n addition, w
count or coloni al as percent coverri(fierea ,

(P.) sp. 9, and Porifera (P.) sp. 23), but

accumul ation curves that wutilized presence
mobile and pelagic invertebrates (eeg., ma
excluded from our study because our sampl.
enumerating them, exbeepaudertnEpiadil iaddee (0
seabewhi ch were included only in the speci e
patterns, we aggregated taxa to the 10 mos
cutoff of total a bian d eamcye sgragdtoenr ftolrarei@.hle
Campod), in Laur enitnalnu derda nanre | a dMPiAt, | amal | ur
verbyunadant at a specific station (Porifera

aggregated into an AOthero group (40 uniqu
i mage Iboacsaetd oonns shor t{eamglei, nenearandi amancé¢ an
deviation/error) ud) ngTArazsGs SsPrtohd Esfrfiect2
species composition, the ROPOS data were s
approximately 7, 14 NSE1l, 60a.01d4 N8L.33,qN@0am®d m

0.45, a\tod 5B7.m85n=56) .
3.3Dd4ta Anal yses

We estimated alpha and beta diversity t
for 63 uniqued2taxdofespeckiegurmaecumul ati on

addi tional taxa for which we estimated per



weighted by the area anal ytzoed ofo mbda cmhatii mang
the "random" method, 999 permutations, and
deviation. We calculated Shannon difversity

of eac(hPitealxamm, 1966)

To compare spatial patterns of the asse
we calcu-CatedsBdagsimilarity based on tota
trans®cbaémd on the summed counts by 63 ta
transect). One benthoscape was identified
where a second bemonwetskea per iwaasr priesretnhoscay
i mages were | ocated -nvaatsr iud emhelhtsir oaab | ysaki
(NMDS) and permutational mul tivariate anal
per mutations) were perfor mendf iudd mage tirmtnesrewe
the stations(Andebepnnhhog08paeKruaknahedl 64
di fferent taxa cont renbviftietdtt ont 8 9BMPEr mut
Similarity among transects,erwansgy eansttihmathed c
|l inkage FmetBhodBaker (&i Bhulb)ee tcaldOuwl5gt e
t hceont r iolewattibhotrobnhaev e rda gses i mi | ast atyi bes weeinng
Similarity PercentChgekme Qe SBMPEREPE d .
very abundant taxa for which a high contri
per mutation tests can bpOkesaesdntetEahnhf ouhOR
study, for each pairwise compaxiaswhi ocbdt wee
contributed si @pnerfnmuctaanttiloyn s( uasnidngf ®©9r9 p < 0. C

abundance) by at | east 10% of the cumul ati
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1S

Tab3l&8ummary of station metadata in the Laurentian Channel MP.
each i mage (combines 82 transects: 8 tr&antsrexn se ptey ReOP OGa i ac
Alttude refers to the height of the altimeter attached to the

Number Total sum of Standard  Mean altitude Stgndard Mean St?”.dard
Station of Images area analyzed D Mean Deviation of above seaflool dgwaﬂon of analyzed deviation of
Analyzed (m?) epth (m) Depth (m) (m) altitude above _area per anglyzed area pe
seafloor (m) image (") image (n9)

ROPOS

2 486 1033.18 350.81 2.07 1.04 0.31 2.13 0.49

3 499 739.87 445,99 0.59 0.99 0.20 1.48 0.22

4 511 862.53 335.93 2.10 1.13 0.27 1.69 0.45

5 380 592.66 439.68 0.91 1.09 0.30 1.56 0.44

13 443 574.62 432.36 1.30 1.03 0.22 1.30 0.32

14 495 616.94 343.72 1.63 1.14 0.31 1.25 0.41

16 457 464.67 444.88 1.34 1.10 0.27 1.02 0.28
Campod

2 97 199.52 341.73 1.85 1.70 0.54 2.06 0.93

5 90* 189.78 439.89 1.15 1.60 0.38 2.11 0.65

6 59 166.76 318.72 0.59 1.62 0.29 2.83 0.92

7 90 271.02 221.18 16.35 1.67 0.34 3.01 1.02

9 55 129.66 421.84 1.75 1.53 0.24 2.36 0.69

14 63 127.39 354.40 1.23 1.76 0.42 2.02 0.76

17 29 61.16 467.47 0.82 1.61 0.32 2.11 0.84

18 93 203.83 405.26 0.96 1.58 0.35 2.19 0.70

20 58 153.78 388.21 1.16 2.33 0.86 2.65 0.77

24 96 203.32 453.47 0.85 1.45 0.28 2.12 0.66

25 60 159.82 332.67 1.20 1.57 0.28 2.66 0.86

Not*e Met aedeet ssiwng for some i mages, mean and standard deviation for



8§

Fi g32Eex ampl exmmfiaukL e@GitammBA rom Campod i magdgexgcorakludophgGar s p
red)KopB)obed gmn(opnn nk Act whatg(or€adn ge adkad wadrisdpe(i)tat abh)s | ucent pi nk
EPorifera(dmonplpus2lshape ch®egeasstpu(dveReit ti anesA nftd haot @ geip |.)abindF )H )

Ant homasti naeVNh(iSF. )scsap.e lbars are 1 cm,axataroen drefdwed feracrh Ip

contri lpat irovm steo st a,bias etdSe MPaEnRio £ & rbsE e b3l4)eS 0 me
contain multiple morphotypes (e.g., colour

of

t heses taxonomi

varies or potenti



To examine the spatial pattern of speci
correlograms, based on an -cmtiogiadias sidiisl a

calculated using the?’abyndmange, ohndaah €Eax

c

geographic distance matrix with each i mage
hypot hesi s was that t he (diadteankc &,omé fi i, & 06
are no spatial patterns in diversity. Posi
aut ocor rtenleatdiiosnt amfce matrices, where there
i mages at t h(aBo rdciasrtda né& el ecgNeangdarte ,v e2 0alu2t)oc or r
indicates the diversity index differs betw
range of the patteartrericse pitd evhteirfei & ch ea tv atl luee s
to ne(@ladgemrdr e & FAlrttearnnatli9sm )of positive a
indicates patchiness, with a (rkgpleeat& nko rptaitr

20 1ll4egendre & .Fortin, 1989)

The Mant el correlogram was computed fro
Spearmamwisg h the cutoff option to Iimit the
the Holm method for dealing with multiple

(combined dataset for ROPOS and Campod but
We aclosmoput ed the detrended version of the M
of BCurytsi s after a | inear model . The detrert

the spdat e, pot ebnrtosaadall ¥ pawsed skey or envir

across the study area, to reveal finer pat
computed a correlogram using smaller fixed
the spati al range of the pattern.
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All statistical analyses wer elipgegrvfearsmed
ReshapeDeWVdgan@eaasphearse well as ArcGIlI S Pro
i mages (R Core TbBam,Th20s2 Is;t uksyr ii,s 2c0o2ndp | e me n
study -socnalfei nsepat i al patter ns( den Mehned oLna-uar e&n t

Met axas, 2024)

3. Resul ts

The highest ovwirsailbdtleep bnheigdabxhat ewaocsf at St at
and wa#$df oor 4dR@P OS?famrd Garmp®d) ( FTger eowest ab
were at station?5 dmd ROPtOISo( <Y 0f. &m maaldp ¢ d
the composition of the community assembl ag
pat t(Rirqs),e wdi.t3h a | arge proportfiagmatafertnhdg 1t
Pennatpul &2 and/ or Hexacorallia (SC.) spp. (
(SC.) spp. domi nanftoprat t sKtoapth{ogbhe $ Ge,mmn2o@n,s 3& t 25
& 1ffgpratt ern (3) Poriferfaprda Pt grap(42la(mtat
taxa (station 5, 9, 13, 16, 18, & 24). The
to overall abundance, which was slightly h
Overall, 11 aggr egatned ntga xfoorro n2i3c tgarxoau p sc,0 na

t he megafaunal abundance in the LC MPA.

We examined spatial patterns in total a
spati al resolutions (i .e., di stances betwe
8 transects with alternati3dg.spacsnhgtobnso

there were a few dominant taxar emmadi rheedgh ov

6C
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b

nsistent acro38isrwasetcthen matdeli anh
Hexacorallia (SC.) spp. O%velme dom
nansesact Fid,4 &) 1VMh édee . gqumber of t axc
e s@muda rwaast i hoing haecrr oss transects s ma
tant for capturing diversity to a
d 16, when?pebundamce 8wB8) eQWhenhdil
bundance was | ow, differences in
, and some taxa were missed. For

ek Or&nmect, composi 34 ®@)n. vTahd reedf dor
spati al resolution with i mages cl

of abundance and capture taxa wi

s accumul ation cur vend ,wearse tshtea md a
vaofi edmbyest ati-6al(i magesRPEOSst a
i n@gp e0r. 5i2ma e 49G@a/mpmade s2 Per stati o
Weér tiomisbe e ur,ves using the ROPOS i
an asymptote, with station 2 and
6Fhgur eM@stbdamsr ves had a similar
which had the steepest sl ope. Wh
yp r @aanephoedd aapn asympt ote, stations 2

one. Stations 7 and 18 had the st

(ROPOS and Campod), capturing diversity qu

speci es.
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anal.yzNudmber of i mages are reported above ¢
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Shannon diversity at each station was s
(Ta®2)e. Station 5 had the highest Shannon d
At stations where diversity was high, over

rel i gb abuAdndtahcetpiplfukonph obed gpmno®F) gur e

The | owest Shannon diversity was found at
stations where diversity was | ow, overal/l
e. dexacorallia (SC.) spp. at stations 6 an
(Fi ®87) e

No-met ri @imelntsii onal scaling (NMDS) revea

in the assemblages36df ThesbBECNMPS Q@QFiogpi &gs
the patterns identified for overal/l abunda
domi na ¢t gtua.eaSt.at i ons 2, 4, 6, 14, 20, and
samegpaas ern (1) (@elhnarsdgpul @@ ogpmod/tdronHeoxfacor a
and station 7 formed a separate grooup corr
Porifera (P.) sp. 21). How&Kwowe@h,obrpd @emearoms (.
station 3 & 17) and (4) (a mix of wvarious

a single grouping in the NMDS. Both primar
significant factors affecting thEBallreupi ng
33), but primary benthoscape had a36¢cl ose fii
95% confidence interval el |l i psest)ho Gaxaopegps n
A2 and TZ1 (stations 2, 4, 6, 14, and 25;

was in benthoscape C2 but did not group wi

and benthoscapes A1, Cl, and2a¢2 . (i araocé&i
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clustering supported these results, but al
di fferent stations at | ower branches, al be
( Fi dulr)e A f ew t ax as udcrho vaes thHeixsa cpoartatlielrina, ( SC)
Kophobedpmgmobnnauge crisspt.Rolai f EdavBeHBsphBsp a
sp.Anz,hoptpipl. Amtamamasti n@alea®dPek-. Ovep.all , 28 c
taxa contributed si gOniOf5i)c,anwiltyh tlo4 tthaex aN MDeS

signi f30c aOmOtl ) (. p

For the SI MPER analyses, we focused on
or more to the ordered cumul ative percent a
Combinations of eight taxa ranked within t
signtfcoanri butors tkKopheb &dV®pSn oaenxdc ept f or
Ant homasti n@eaf®dSda.n)d 3FEp.gulMest of t hese key
relatively higher proportions cadBipared to

excl At hgmastpnae (SF.) s
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Tab3d28hannon diversity ranked By asst atthieo ns,u nunsei dn gc otuonttasl oafb uenadcahn
area per station.

ROPOS Campod Main

Rank Station ' iaset Dataset Benthoscape

Comments and exampiaxon

1 5 201 1.81 c2 Highest Shannon Diversity; lowest overall abundaAcghoptilum
spp.,Edwardsiasp. 1

2 16 1.94 - C2 Anthoptilumspp, Kophobelemnoapp.

3 9 - 1.86 Cl Anthoptilumspp.,Actinauge cristataEdwardsiasp. 1

4 3 1.80 _ c2 Anthoptil_umspp.,Kophobelemnospp.,Actinauge cristata
Edwardsiasp. 1

5 18 - 1.80 C2 Actinauge cristataEdwardsiasp. 1

6 13 1.51 - C2 Actinauge cristataEdwardsiasp. 1

7 24 - 1.45 Al Edwardsiasp. 1

8 17 - 1.45 Al Kophobelemnospp.

9 14 1.35 1.17 A2 Pennatulasp. 2, Hexacorallia (SC.) spp.

10 4 0.95 - A2 Pennatulasp. 2, Hexacorallia (SC.) spp.

11 20 - 0.95 C2 Hexacorallia (SC.) spp.

12 2 0.57 0.48 A2 Pennatulasp. 2, Hexacorallia (SC.) spp.; highest overall abundal

13 7 i 0.51 B1 Dominated byPorifera sp. 21; shallowest station with coarser
sediment

14 25 - 0.50 A2 Hexacorallia (SC.) spp.

15 6 - 0.43 TZ1 Lowest Shannon Diversity; Hexacorallia (SC.) spp.
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Curtis dusbBnagitatalyabu(nd=apn&je torf; nessencm me(@n o
count s divided by.sbmméerancacpéoabmansét

confidence igmtoaimpVv algs sfied atdhpesp akphatrhyos capes
with I|-Z)beflthr e¢tthe ypes .BhAchspembt agepresents
the numbeanafyamdigreal 26 8§ oRRQR@GIRAU53 T or

CampNdte: At | east 3 data pointcsoondriedemeede
i nter vFolrs stations 6, 9, clafl2®G,ndanmd& 125 tared
were | ess than 3awbramsgct Whitesuhei ogdi mat

appear ed garsowpisnhe s2 ftooransects or absent for
thus notcantr demB®l% nt
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Tab33Per mut ati onal mul tivariate analiysi s of
Curtis dissimilarity and 999 permutations,
class and station in the Laurentian Channe
Factor df Sums of - Mean R? P
squares Squares
Benthoscape 5 13.18 2.64 52.17 0.53 0.001*
Station 9 8.19 0.91 18.01 0.33 0.001*
Residuals 67 3.39 0.05 - 0.14 -
Total 81 24.76 - - 1.00 -
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Tab34d8&ummary of SI MPER results, including the taxa that contr
i n Bruayis dbetweaeihrasr iotfy st ations. Shown are number of compar|
signidfiifcfaenrqpean ceedi it ati on comparisons (total number pairwise
within the top 4 i n aéhvppiviarlwies e esltaateido nt oc a nhpea ri3 @sgoonmsdchseirce f*i ti
hi g$il gni fU=cOa n0t0 la t

Numberofp ai r wi s

compari sons Commentson howtaxanont r i but ed envf
Taxa taxon contri to pairwise station ¢ p val
(NMDS)

10% of dif
Higher abundances in assemblages in benthoscapes A2 and
Hexacorallia (SC.) spp. 34 TZ1(stationsd , 6, 14, o randdie;in C2 (statibkuod)i  0.001*
than in some combinations with the other stations except at 7.
Higher abundances at stations 3 and 17 than other stations exclt

Kophobelemnospp. 25 7; also, in 16 than 5 and 13, and 17 than 3 and 2. 0.007
. . Higher abundances at stations 18 or 13 than other stations exclu .

Actinauge cristata 22 2,7,17; also in 3 than 5 and 16, and 9 than 5. 0.001
Higher abundances at stations 18, 24, or 5 than other stations

Edwardsiasp. 1 21 excluding 2, 3, 7, 17; also in 24 and 3 than 5, 5 than 14, and 13t 0.001*
14 and 16.

Porifera (P.) sp. 21 14 Higher abundance at station 7 than all other stations. 0.001*
Higher abundance at station 2 tl@her stations excluding 7 and 1°

Pennatulasp. 2 12 no other taxon had within assemblage differences for benthosca; 0.001*

A2 and TZ1(station2 , 4, 6 and bdng in C&(stRid N )

Higher abundances at stations 16 and 9 than other stations (3,
Anthoptilumspp. 10 5,13,18, 20, and 24), excluding assemblages in benthoscapes A: 0.001*
TZ1, and B1 (station2 |, 4 6, 7, 14, & 25
Higher abundance at station 17 than stations 3, 9,13,16,18, and
benthoscapes Al, C1, and C2), excluding assemblages in
benthoscapes A2, TZ1, and B1 (statiéns 4 , 6, andpne:
in C2 (statior2 Q)

Anthomastinae (SF.) sp. 7 0.176
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Fi g37Mant el correl apprfaam theass aed ssn na IBArity di stance matrix and
Laurentian Channel29NVMBA, maglecsu l(aROPIDSf racmmd Campod combined but

abundancMedi an di st anecaed hi sstcalinacsed, twhdecahp riemecermeammeeas siSet apPppéddkw
forddi ti onal details and the-mMdntxeld dorstahnceagrsamSpanfald me & nate
significant and whittee pbodienHs® |l mocosrgeitiiooanwhafth accounts fo



Overall wadisviemisliatry at di stances-Cuesssthan
di ssimil air@éadd y dj sbatnhcear > vi® kot sphatialdl yve
throughout the LC MPA. The first distance
positive auwvtdcdr kell,athiuean @00 E) ati on altern
and negative values at the | arger distance
t hr outghheoust udy area with(pa@Bdhe&sshRadhTae mi | ar
spati al range of this pattern olc8.u84Aekdm)a.r o
similar pattern was found with the detrend
di stance classes of 5000 m, with the | atte

(A0 km; ARR)gur e

3. Piscussion

3.5A84semblages in the LC MPA

We detected 3 types of acmeMMDAagasdin t
compogoivteiroanl | abund)lanwet an e icdoimtterk sbyuttyi anxga t o
di ffeHegbhes. abAndhopppl Wdpmhdobed gpmnower e
associated wjtwhhighsedi aeRasdrsgtpelsa2ofver e
associated with overal/l |l ow diversity. The:
functional traits of indiSeaum@eénsprrcowisdd al
habitat gandnalwinhawg muwnrds éhraivd n gf cars sfoicaat ed t
tiseBasl |l on, ePDabadssoz0kh2ions with epifauna
furt heestOveasachak.ns wer e proportionally only

st atHiosnhs . were associated with(Eapfebpral 2808a°¢
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an

d with cerianth{(Agegstar tdteW&uhifn20aadal G@eM
nsity was correlated to abundaemace of sea

emone/ cefCeantht di g(aBauwlFar)d sept. all)., 2023)

Based on our analyseNsMDSoseemlylpege®fl)sismed

few dominant taxaisdamadi was &t edioesdtatl 4, 20

ap
t h

w h

s h

ab

al |l owandlidepd rhsdehde aelaosntger n baurfddaray | ofc atstees
erall di wa rPRintnysstpud s2 | @awd/ or Hexacorallia
mi nant. While this type sopfe caisesse nrbilcahgnee shsa
cond type below, the Shannon diversity i
nnatpuhad be outcompeting other epifauna I
ading to high abundankEenmbatul awa ckieMeya ts a t
er spdavgsEc kel barger poetssalbly @8y i buting

an ot hemagpwnc ileess st faategoehopyil smchransdi f

i ch spawnBaialnlnaurmab)ehtlyt dnlow,gh20XhHui |l |l ard et.
nnat ul magc hbhe bt & esnpaadbwerHiexga.cor al |l i a (SC.)
ar e a Prneincnhaetpydiischic e t he amwo nvexaehadend i n

undanseal €iapati al patterns also suggest

two corals with (ddéfReedoni acaél Wbonins@oice2 O

Pe

an

t h

of

nnatpul &2 was particul,arilny thheg hs caut hoenren sp aa
d towards the. mbaathaoft ®het cPenmestiuld G20 )

e eastern and neonrttihaenr nC hpaanr At esl4 o(fhd et phteh sL a2u6r 5

The second typ&D&is saesnsbel mabgl ea g22)m il reex! und exd

taxa with high over @l lpghdaitvieornssi t@§37 , @én d 9w
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Ant

Ant

pos

f un

adhids 2e&t) bdeede paeratf t heoMBmdes center, of the
l uding the station with the highest diwv
embl age, patterns variedKambobesdmpaoand
very abundant at Anwbostopl uarns twd and flk
tions ( 9 dadnidt iloBnfatli iithauxgde d(w a i sdps,ia adan d

homasti naeal¢s®bunpt epg.f dar di fferences witl
embl age and wermblmoge 2 btumamnas s eemkalsage

homastinae (SF.) sp. 1)

The third tymNMD&Ss sassmslelmbgeag3®) (occurred &
closest to the shall awdnonthedetdiesrvpohi
e not detected Thasgashemmltahgee c masdk etnbg g sets
ral |l abundance and | ow diversity, but h
embl ages . (IPowidwermndg®s) sp. 21 was the
sibly competi ndgpwintgle st mayotahsro ppayi an.

ctional role, @Beanlgeynsetbi mlgeni 20habi Mal

McClechteot al ., 2005)

app

t he

Sampling designs with high spatial reso
ropriate for characterizing assembl ages

second assemblage were missed on speci

spacings (7, 14, 21, and 28 m) bkedleopdtittte

(e.
Me n

mu |

g . | ocal hot spots and variati(adre i n patc
don-a & MetWearsec 2fr@elnd hi gh resolution

tiple transects to avoid misrepresentin
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3. 5BRPoadale Patterns and Potenti al Drivers

We detected some spatial structure in e
pattern throughout the LC MPA. Similarity
diversity) appears to extend past tihtenh scal
some differences armlStaitngnat tdhrae atwenr edi~dt0a Kk
overall di vertswstt ya.t(5 bannpd eakt@ mphlee c etnatder of t h
similarly hitgvot di(@f eangdItZSHOeah e AabkoemndaMp
had similarly | ow diversity. Stations that
di ssimilar (e.g. Station 6 and 16, spaced
Br&€ywrtis dissimilarityRwiPirce sptoadlied ¢ 01 h)
detected spatial structure in sea pen aggr
correlogram in our study alternated bet wee
patchy pattern. Several stationsinmg@Oboured
km apart, t hebrreofacdaee spppohthnegs i n communi:
scale spatial( deatMemrdcosn -caa n& oMdatuaxmaid t i 20 24 )t
design may have partially cHomtervieryt @dc et & ttu
area was |l arge enough to have environment a
as demonstratedObegrbarloeacdb Eet bbhbangpe. i n comm
structure were apparent across the pla@ i MRA,

processes.



3.5.Rent hoscapes

Bent hoscapes have been associated with
structure and biodiversity (Proudfoot et a
bent hoscape cl asses were a significant fac

wi tthhew LC MPA. The <cl asses appciafrf droemtef | ec

habitats for assemblages, either directly
for covarying factors. Assemblage 1 was as
chaemicteddeamt mivwi th | ow relief, sparse scolu
pockmar ks, and muddy/ gravelly sand to mixe

2020)Assembl age 2 was associated with deep

characterized by relatively flat to | ow re
pockmar ks, and various types of surficial

sandy muadv ewi tthr agcres) (Lacharit® et al ., 202
bent hoscape TZ2, but Lacharit® et al ., (20
ofAnt hoptil um gwhaincdhi fwaosr umbr e promi nent i n
Channel, consistent with our results. Deep

MPA (combined 66% of the | ayer) and refl ecHt

di versityg(asgembhabbdedpwiptKibmhobed gpmnh.on

Assemblasgeas3sowci ated with the shallow bentt
| acked scour s, but had sparse pockmar ks an
surficial sedi ments) (Lacharit® et al ., 20

as on& diivdrse communitytyeé oger sy dcarg ensoiidnsc,|

"For dett hkbeelns hmrs cape c llaRsespersi nste eo fTadbalbeh eA (¥2®.240t)i nal .
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dol |l ars, sea cucumbers, coralline algae, a

overall | ow diversity.

3.5.2pa2ti al Drivers

Di fferent environmental factors | ikely
observed assemblage patterns, including de
chemical water properties, and food, some

bent hosscafmee colfa t he conservation priorities
MPADK Q@0 m9We recorded | ower diversity and hi
pens in the eastern stations which were <
hi gher diversity with | ower abundance in w
(assemblage 20rt ®ept dri gsemani (WRnglez op ert  dil s t, |
201la’fnnd model ing andPebsadtsubHiteems fowogle satt s
(Baker et al., 2012; Guijarro et al., 2016
St akRi oad bdgbherl m andMchayp &h&netgkelvyg, 2
contributing t ®emingshpuahdsd?umaglchan cetsr mfig pr edi cf
occurrence of sever al 5s.e al apcehnasr i(tG® eeatt haela.d,
hi gher abundances of sea pen towards the ¢
thus varying sediment composition occur . I
Kophobesdgmnomear the center of the MPA may
preferrretd cemdp onei tsiagBh K eer. ge ta madld.o c2o00vla2n)g i n g
factors with tmeo¢ heenshoascapesn the LC MP
factors appeanrnéd tBoels svhmr EPeminiggipud BUNndanc

occurred, genocllougdiicnagl tphreoperti es of sl ope, P
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as wel |Is aamsp | peost hoof m t emper at ur e ,( dex yYMeerrd,o ns al
& Met axas, 2024; Mi. atHoave & é & eellhgcresv @ ,\n 22X e
ot her biochemical properties such as nutri
southern parts of the MPA over | onger ti me
(> ~115000 Mg AC)4A water | ayetri & oovtsan mdlo ttdwea rL
of St. (LEBabéncda977; Hebert et al .wi t2h023; L
oxgg declining from the mouth of Gi hbekLauere
al .,. 20®I59acamh ylel anot her str@Guyl lpagdieaett oal
201L7)el ated to phytoplanktomOf & hso wrtad i ofn s
Pennatpul 2 wastabwuwda2t had the second highe
TOM and TOC) and overal/l ha& heM, gluawi €:yN) f

(Miatta & Snelgrove, 2022)

Direct (e.g., bycatch) or indirect (e.g
reduced the past and current occurrence of
Commerfdcisdli ng activities outside the easter
and insi dMunbhenMPA&t naaly. ,po2s0slio9bl y i mpact t he
pens in near bdyi veerresas yar Onedwsdeati on within
out side the MPA boundaries (station 6) and

cntinue to be directly impacted by anthrop

3.686i mtations

Sampling biases in our study could have

abundance and diversity arising as a resul
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ROPOS and Casmpead)f(idet dbelmasdd on-a & Met axmad,| 20
sampl i BgtR®fsmadlr op carnerappropriate for comn
howeaer ROWMed¢ ®&rstc aflien epaartd ea pcswcksatimbegydon- a &
Met a@ 8y onti nuous sampling ,beddhnght o hig
maneuverability to perfbBbumtbeéemandapeacizes ac

curves indicatedmibkBaneadedr ¢éa chprui@O00he

station. Additionall yresoll atcikomfi mpadct al e @\
bi ol ogical data can prevent the detection
assembl ages, for example by missing vari at

ad having fewer distaRuethénanssebBebetaweenl| sl
areas between benthoscape classes, rather

boundari es.

3. CToncl usi on

OQur study advances the knowledge of spa
composition and diversity of sea pen assem

t hat different assemblages were associated

deptlgeamadr phic features), which in turn ma
di f freakeinttatbs osaddd lherdr i vers of epifaunal spa
depth or covariates, circulati on, sedi ment
environment al data at multiple spati al and

i mportance of these driver shr otwat al pbat adeqg
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including diversity and abundanceseare nee

communities, support monitoring efforts, a
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CHAPTER 4

FI NBCALSPATI RATTERNSDEERSEAEP|I BENTHI C
FAUNA | NLAWEENTICAMMNNEMARI NBROTECTED
ARE A

4. Abstract

Ecol ogi cadt gpaalc etsosegsl obal scales i mpact spae
di stributiohRi #éamegpédtbtuenans have rarely be
expliciahgl wpiabadds i nandhehaesepbmed r andom,
uni form, or similar to neighbout,GnYy aanrdeas.
l ocal IMotanodosientify signiil0O@anofmegakeasnald
taxa) in the Laurentian Chammagler Marfirmen Rr o
remotely hopcelseanhg@d8 vpar al | &1 sttragan vecst. s Qatr &
i ncl Aisdpeact i gdt skcead @Is2 & nman r e d | & K OMOKeAC t

We found | ocal areas wiPédnsaspnl i aandt aggr
Hex addrSCl. )amsdtpr h e si negg-tv2 h damidn o nfeo-rd 8% e m
Patchaheeskaet weed neighbouring i mages (010
among taxa within stations and f drevteHe sam

patterns ralp ptegaado Itoog ibceal factors, such as BF

8This articleDaevap Paeadl Reheardm Part | ;2@ ddmd@r5aphi «
de Mendon-a, S. Ns ¢ a & Mep atxiass e gha e prie meest loif c de@apna i
Laurentian ChannelCoMayrriingeh tP rEoltseetwieetir0 a(62e0a2 4)s.r . ROI2:3 . 1

Anna Metaxas supervised t haen aleywsedaoypt neeonthedo ftshtehiep ts.t u d
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index), benthoscape, pockmar ks, and sl ope.
were | ikely caused by biological factors,
currents ,omd croentmamtiitgyn i nteract-$soalse (patgt er
shoul d bet o« omest ldecegteidve swmeh i ngseaaglsd gtnso | s
(e. g., | maegsetraybpbgc stherdammuni ty metrics (e. g.,
di ver si tyi)s rQCuloeveaiutdye ecol @ggipaalt eremsedamch

processes, as well as maesneiat oercionsgy sathedmsc.on s e

Key words: megafauna, spatiadscpaetepmatcagaog

4. Pntroduction

Spati al patterns in species abundance a
evolutionary and ecol ogical processes, sSsuc

evolution, as saenldl paesr(slsigeeicainec€lodn@s2e)es pat i &l

patterns can provide insight into spatial
processes act on |l ocal scales, e.bgr.orade eda
spatial scales with increased vngpreirattiuore, ,s

di spersal , (dWenmreo dku tl ishodnd, iy t1i9cOn0a)l | 'y, space i

proxy for unknown Eehevironme®d®2] MaAiablese:!

Il n the dvéeedep samageaof factors may regul a
di stributi ormsub ssancdit eaesd i dreepntithe, cneenty oasli .t i 200nl 8 ;
RuiPz2 co et, acu( bewidlygg et al ., 2021; Roberts
20Q06)rganic matMeataand&nBGheloghesewa2@21pro

such as flow rate,( Grenap ehreaatu reatn dad a o, t 828001p o g
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stressors salcthhwauslgrterraavelaihmoghy ¥ Peovne e et al
2021; PierdomemdarcoexaBpHeho0&8eBnNsi tivity 1Ir
Operationbi BEBDm"Oy how sensitivity to tra
as in their fl exi(bdolnizt8ylueszr a a ®A d dilt tyi, d D IDIBY,r
climate change including ocean acidificat:i
humanduced threats (e.g., ot#sleaancdo ngmausniatciteis
t heir spati(aasl rdeivsRearmelddlet@icha ms et @ver, al2l0,11t)he
effects of these factors ocamd dlobialats c @lg

their | ocal dlliumpaucastciddinese pcactutledr n s .

Il n the deep sea, although soft sedi ment
knowl edge of spatimlt Ipiadst lelaibmisit taodfd eapni df aruensae a
mostly foci<edaddne(ithn®0B Akml magsbe regional
aggr eg ateesdssictael ef idnaetfao rc od X aeniRadMeo hunsaignegr 'y
det ermigne®nal sde sg.riBakeronet al . ,T&2Yll&r &tr i
al . )).SPp@tédtatlerpns i n distribution have been |

sampl i ngi5@fiti4llbm 2ransects)-maadthaédOdustics

resolution multibeam) often |Iinking change
(individual stindd0es mspaanBldarkgeurh §etts aatle. , 2012
al ., 2018; Neves .et 2aITI.5,p w2 0 1dd8;t &R bpeergt. tertda wall

ha@al so been used to measure chdqrGged aigre ®dm
al2017; Terri b.Bresaddal ealappr®ddsches( ¢ haat Newed
et al haveoOpdadpvided explicit spatial anal ys

understanding of particular patterns in ef
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Fiseale pAGs0@snefY (metepisf aunal wm™orsd ri bu:
commoenxlpyl or ed utshanrtge meotth oedxsp |. &80 g td/ay ersoptat i al
i ncl ude -xr cainfdatyeecac h sampl)i,ng uwri tasa s xa nmfi anc
changes in abundance, diversity, and/or pa
example, high diversity was detected using
in-mMOGegments, reswadlte nya rftraotm Bapad 1 babal .,
2012) mages captur é31d0®@BOm sl amparttr & mroanc tlss 0by
showed a patchy distribution of brittle st
2,800 individhRiad semplrurd mag®9hmi dLo(pihged 6 )adi n
per tamMadr epouhatware often foundpomnltocal t
(sedi menanapyesr ed more frequently on top o
i mages taken every 1s fr om ROY¥o(Mhuadlieaomn pentd ani
20Q08)Al t hough these st uaduineasl ddei ssctrriibbeu tpi aotnt eorr

t hey uWoe nottati st iqaaalnta pfpr aahcdhosssp & txbhenypel reat t e

et (200p.3descri bes patchiness in terms of mea
guantify | ocal changes

Spatial statistics provide a tool that c:
communities, speciespemhapsideivi [dienadisr o mme n
mul tiple spatial scales. SinceDapaté&aFoptio

2021 4)a -smudlta approach i s needtehde tsop agtuiaanlt ipfryc
t had utshee s e s, p attlh e rrgeolnasteeqdu@® ncemmuni t i mpbéeogy
| osalal e model s nested -swddalhada nmanbe lesg admanp Abeex

better understarfdMemgeo f& tOH esWmni, Ip el tOWODe)ch swi de |
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terrestrGati scahdgyeB dreai o&,t, azlpdildtdGe il so g y

stat Rebinsp,n,amld 0i0On ot her f(medadlsl iamg ssmatiira
proceskrisghNenrgk.ov r andeHncofrite ledsiathapprid®daches
have only beensesedtudi asftfewodaedppnedht gh
megaf(hadmresavat er se@amtlis et al ., 2019; Price e
2022and f or oMahde retmeddarfea u@@2@i es have exami
macr of aunee Bgnrdnd9d s HaBypyut and 2alndyjl.t,o n2 0& 3

Barnes, 2018; )Wigsaenadl eets aamp|l,i 2¢0 1t3oo0l s (e. g.

vehicles, cameras, autonomous undefrwater v
resolution, georeferenced replicated dat a,
t hat mlagwésawvgoon al accandcyafeog-selatlecawva ) e
pattens (e. g., 1| ndtee gMeantdeodn -aac r&) sM8 t candeq stso )b 2
consider spatial structure help understand
ecol ogi cal hypot heses on underlying mechan

I n this study, qgoant baafgladred gtolad 1Dpsattioal

of mdatnertsh)e didseter@ & ud i infnawdsaft s adiimgntfedeh

scale spatial statistics to objectively de
novel atphpancdsuhdhi ol uti on sampling design ¢
of both global and | ocal spatial statistic

at two scales (station nanGhatnrnaenls eMatr ilneev eAr)o
( MPA) and to develop hypotheses for their |
( MPA) was designated partly with the objec:

20409 |l ocated in konfotiseri sneundisgchghldbadtr @t ns 1 n



bi omass esti nmaetreed nfortons utprpaowltse d sep okser ved
abundfarnocre i hag®Menwdon- a &.TNheet a xdaesn,t i 20 2Z1a)t i on
scale patterns can increase the accuracy o
diversity) and i mprove sampling designs. F
assessing ecosystem ch@atnigseasmmlvienrg td ensei,g nasn dt
accurately detect and -rgaunadnotm fpya tctoemrmusn.i tTi heuss
has application to both ecological researc

for conservation.

4. Blet hods

4. 3Study Area

The LaurenMaann€hBnotkcted Area (LC MPA
glacial trough to the southwadtheofl CNMRAOLUS
11, 580Dk &201Bhas a depth range of 51 to 49
to mixed sediments (mud, sand, and gravel)
such as icebiergulsamoud e ppacbcshksnoornkisc ebleahly s t s

(Lacharit® kEadead, ,12920

4. 3Data Collection and | mage Anal ysi s

We coll ected video at seven stations (2

-

with a dawnwar d nsi-RleusPath fciacmeZreaus( 1, 920 |

mounted on the remot RIOPOBpE¢r adv p@d@nivl&bdinc| e (

September 2D)1.7 AtFiegaah stmatpiaagm, |ved rtamn& edl(
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i mage
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(0]

e

g

ating dist ain.cee.s, o8 rOCpm jaipsd;t PLAH &x ( e
ing area betd)wde e LiBmasnesde cotns : p roe. v2i 506u skl ny
uch as biomass from DFO trawls, abun
fication by Lacharite et al. (2020),
nNg acrosstbenéepossape sthgbseshabekact)|
n 4), as these may havar(ikaobati o® e
Ggedf i ni tion video and navigation met &
e.g., depth, altitude above seafl oo
ftware application( OE@Rn3 F30®c, OHs et |

rt, 2008; Scientific Abyss Mapping S

ng OFOP, we extracted imapemageveiyhil
et image spacing of ~ 6 m. We ensur e
f the seabed and fauna. | f areas of

, bloaovegreecti 50%)ofvet bectoppkdanad,
used; otherwise, the nEBxhll).makgdeunan s
r than 2 c¢cm in the | argest di mensi on
nce guide based on Worl d Register of

| aser poifneksre athenagredpeenidly k) 0abme A

mof f .etT hael .ar ea0 ®4) each i mage was meas

abund@y).Mean area per i mage ftaon g2e.d4 Of.rfb nd .06.37
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2EF

2 GH\

e 2017 ROPOS Stations
[ Laurentian Channel MPA
Depth (m)

™ High : -50.589
— 0 60 120 Kilometers

b Low 1 -497.135 | | | |

Fi garMap of stations in the Laurentian Chan
broader area of the Northwest Atlantic nea
four paired transect arr:agn (seiaghtngt rbaen sveetn
trasSABt CD, EF, and GH)afah nrm.r alhrssarese@ta i a rs
similar atbwtihdédr vatr gt ingn smo tr etsiod u.t i Derp tgh i (d2
unpubl i shedlacphraorviitd® de tWg r al .O,cEefai@lGB®)me n (
GEBO, NOAA, MD®GE@,r amdhtri butors).
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Tabdl&ummary of transect metadat a nfuomb etrh eo f7 ismaagte so,nsariena Lo MPn

relative to seafloor, start point, end po(ienitg h tditsrtaannsceec tbse tpweer

c, D, E, F, G, and H; for a total of 56 transectwe .t Altthd ude

seabed. Tot al l ength is the sum of sdrat ghtesi beewdemot héei sha

Total Mean .SD of
# of area of Mean SD M_ean _SD Stgrt Sf[art En_d E_nd distance distance Total
Transect Images images Depth Depth Altitude Altitude Longitude Latitude Longitude Latitude petween petween length
(m?) (m) (m) (m) (m) (DD) (DD) (DD) (DD) images images (m)
(m) (m)

2A 62 141.90 348.15 0.68 1.23 0.33  -56.67042 45.53298 -56.66594 45.53123  6.57 1.28  401.00
2B 54 120.49 348.74 0.70 1.04 0.28  -56.66649 45.53134 -56.67034 45.53284  6.51 0.94  345.27
2C 63 124.87 349.82 0.52 0.92 0.17 -56.66719 45.52954 -56.67163 45.53128  6.42 0.51  398.30
2D 64 132.88 349.79 0.50 1.06 0.25 -56.67175 45.53124 -56.66736 45.52950  6.29 1.50  396.48
2E 62 117.86 351.25 0.75 0.83 0.10 -56.66848 45.52790 -56.67281 45.52957  6.36 0.55  387.67
2F 58 133.72 351.23 0.83 1.20 0.36 -56.67298 45.52954 -56.66854 45.52782 6.98 3.69 397.74
2G 62 11494 35358 0.76 0.88 0.13 -56.66980 45.52625 -56.67415 45.52796 6.38 0.53 389.21
2H 61 146.52 353.77 0.95 1.22 0.38  -56.67426 45.52791 -56.66982 45.52615  6.65 2.54  398.84
3A 65 93.31 44592 0.35 0.99 0.16  -57.37146 45.94323 -57.36749 45.94554  6.29 0.60  402.31
3B 64 91.01 445.78 0.35 0.94 0.13  -57.36737 45.94548 -57.37137 4594314  6.44 1.67  405.46
3C 63 83.22 44580 0.83 1.07 0.31 -57.36950 45.94191 -57.36556 45.94421 6.45 0.98 399.73
3D 56 83.01 445.84 0.79 1.00 0.29  -57.36550 45.94412 -57.36943 4594183  7.23 541  397.59
3E 65 104.36 445.87 0.42 1.04 0.20  -57.36767 45.94066 -57.36371 45.94294  6.28 0.80  401.65
3F 58 87.91 446.09 0.42 0.90 0.09 -57.36378 45.94281 -57.36759 45.94060  6.77 2.08  386.14
3G 65 9756 446.29 051 1.00 0.16 -57.36586 45.93942 -57.36183 45.94169 6.31 0.36 404.15
3H 63 99.49 446.35 0.56 0.97 0.15 -57.36181 45.94158 -57.36573 45.93933  6.36 1.06  394.21
4A 64 114.31 333.00 0.68 1.15 0.20 -57.24532 46.09556 -57.24032 46.09642 6.33 0.20 398.56
4B 60 85.64 333.09 0.74 1.16 0.24  -57.24038 46.09634 -57.24540 46.09548  6.78 291  400.25

4C 65 115.34 335.66 0.81 1.10 0.23 -57.24472 46.09372 -57.23965 46.09460 6.33 0.41 405.13
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Tabl €Cdntilinued)

Total Mean .SD of

# of area of Mean SD M'ean SD Stgrt Sf[art End E'nd distance distance Total

Transect Images images Depth Depth Altitude Altitude Longitude Latitude Longitude Latitude petween between length
(m?) (m) (m) (m) (m) (DD) (DD) (DD) (DD) Inzﬁges Iﬁ;;g)es (m)

4D 64 117.80 335.85 1.04 0.96 0.13 -57.23962 46.09453 -57.24472 46.09366 6.47 1.14 407.41
4E 63 75.12 337.10 143 1.19 0.34 -57.24401 46.09189 -57.23896 46.09279 6.53 1.19 404.61
4F 65 87.58 337.18 1.52 1.17 0.30 -57.23889 46.09270 -57.24398 46.09180  6.38 0.65 408.03
4G 65 135.63 337.67 1.20 1.19 0.28 -57.24332 46.09007 -57.23826 46.09094  6.33 0.23 405.31
4H 65 131.11 337.66 1.21 1.10 0.29 -57.23823 46.09085 -57.24329 46.09000 6.35 0.71 406.23
5A 55 109.94 438.52 0.63 0.93 0.10 -57.52767 46.21098 -57.53005 46.21384  6.83 3.68 368.56
5B 40 74.74 438.08 0.56 1.34 0.40 -57.53016 46.21380 -57.52765 46.21069 10.19 11.57 397.31
5C 63 97.18 440.47 0.22 0.91 0.02 -57.52980 46.20974 -57.53241 46.21284  6.43 1.24 398.63
5D 44 70.66 440.37 0.37 1.36 0.35 -57.53240 46.21263 -57.52996 46.20969 8.80 11.07  378.37
5E 62 101.60 439.78 0.41 1.13 0.34 -57.53216 46.20877 -57.53468 46.21186 6.51 2.43 397.03
5F 38 40.49 440.24 0.22 1.07 0.22 -57.53492 46.21189 -57.53246 46.20894 10.24 8.48 378.88
5G 46 59.31 440.03 0.23 1.00 0.18 -57.53446 46.20778 -57.53702 46.21084  8.75 17.39  393.88
5H 32 38.74 439.83 0.32 1.14 0.27 -57.53648 46.20998 -57.53464 46.20777 9.21 7.14 285.39
13A 63 87.86 433.64 0.64 1.12 0.24 -57.20464 45.86164 -57.20946 45.86288 6.49 2.56 402.59
13B 63 91.18 433.80 0.77 1.19 0.28 -57.20943 45.86296 -57.20461 45.86173 6.45 1.51 399.62
13C 61 76.80 433.23 0.81 0.97 0.23 -57.20366 45.86334 -57.20842 45.86462 6.62 3.02 397.02
13D 64 55.23 43259 0.72 1.00 0.15 -57.20839 45.86472 -57.20366 45.86345  6.26 0.87 394.57
13E 64 90.54 431.19 0.38 0.96 0.13 -57.20262 45.86504 -57.20744 45.86627 6.35 0.86 399.94
13F 39 56.26 431.39 0.27 0.98 0.19 -57.20746 45.86639 -57.20309 45.86527 9.52 20.20 361.90
13G 33 45.03 430.92 0.35 0.89 0.02 -57.20325 45.86719 -57.20609 45.86789 7.31 5.52 234.05
13H 56 71.72 430.94 0.42 1.01 0.21 -57.20649 45.86808 -57.20167 45.86687 7.24 4.32 398.42
14A 65 60.78 343.18 1.60 0.98 0.18 -56.85260 45.73767 -56.84814 45.73952 6.33 0.23 405.17
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Tabl €Cdntilinued)

Total Mean .SD of
# of area of Mean SD M'ean SD Stgrt Sf[art End E'nd distance distance Total
Transect Images images Depth Depth Altitude Altitude Longitude Latitude Longitude Latitude petween between length
() (m) (m) (m) (m) (DD) (DD) (DD) (DD) images  images (m)
(m) (m)
14B 63 65.38 34295 151 1.03 0.20  -56.84811 45.73941 -56.85237 45.73765  6.25 0.51 387.52
14C 64 71.84 34334 1.77 1.24 0.34  -56.85119 45.73603 -56.84671 45.73790  6.47 1.58 407.73
14D 65 99.25 343.35 1.65 1.22 0.35 -56.84662 45.73781 -56.85112 45.73595  6.37 0.44 407.68
14E 62 70.21 34396 1.52 1.24 0.31 -56.84999 45.73446 -56.84569 45.73629  6.42 0.98 391.75
14F 60 59.02 344.35 1.47 1.12 0.29  -56.84565 45.73619 -56.84986 45.73438  6.53 1.32 385.14
14G 54 90.52 34432 141 1.36 0.36  -56.84874 45.73287 -56.84440 45.73473 7.47 4.01 396.16
14H 62 99.94 34451 1.30 0.97 0.18  -56.84443 45.73462 -56.84864 45.73281  6.31 0.64 384.88
16A 63 87.30 44426 1.09 1.03 0.21 -57.51709 46.14507 -57.51707 46.14150 6.41 2.07 397.52
16B 61 85.63 44436 1.10 1.03 0.17 -57.51721 46.14165 -57.51719 46.14506  6.36 1.45 381.48
16C 48 42.89 44458 0.67 1.12 0.24 -57.51976 46.14507 -57.51979 46.14146 8.56 8.19 402.35
16D 61 55.17 44453 0.65 0.99 0.15  -57.51994 46.14146 -57.51992 46.14504  6.64 1.70 398.45
16E 46 47.94 44441 0.90 141 0.32 -57.52253 46.14507 -57.52252 46.14146 8.92 6.42 401.28
16F 62 45.28 44495 1.00 0.97 0.08  -57.52267 46.14147 -57.52267 46.14507  6.55 1.31 399.65
16G 58 52.18 44577 1.71 141 0.29 -57.52525 46.14505 -57.52526 46.14148 6.97 3.48 397.18
16H 58 48.28 446.13 1.66 0.96 0.13  -57.52538 46.14146 -57.52539 46.14504  6.99 3.10 398.44




Il n total, we measur ed n6u3metra xcaala nad upnedracne
fot adfhe aAbeusnsdant taxad(itranseptesant aoy 9n

either aggregated to form groups of higher

excluded (i .e., too few counts) from the a
pel agic invErpiediriades (E.)Yy.spp., some mal ac
Scyphozoa), because our sampling methods w

We uplysangelo!l cegnivialonmeaot pt odatdeaheont ext
interpretation o.f Hraoum atlh es pReRQM amo upnattetde rinnss t
propemtcelduadmp ersatl ume t y (oxxoymgdewnc tainwdi tpyH) ,col | e c
0.25 s wi t-Bi rad CIBPE (S®ml me a¥vu)y esanwd ¢ he @t h
[ Paroscienti fi el )Qi gaicgcuuarrakcayr (o8 B 0. 0GAM %r,.a ge d
intervals of seconds, and then related to
range in values for d&dWeas sat uced( Appren dius
coll ect edddtaan ad ry zgao neou cpline acs H @esad aapes, pockma
iceberg scour density, and Hdtalcyhmetirtyw fertom
2020achari(r®@edipisessdh e regi on i nto adi faf &rl0ent
grid r dsalifwteddpjrleas ed | mawsi g arhwylstiisbeam ech
data fi20m R0(Li0. e., bathyme’rgursbopdingndadc
cebfreberg scours and empolakrmaradsty.alciath® regt pal
202Bowewer al so eanbtaaihryédned2al har i(2 ®2a@ntd al

cal cuwll atppdAr cGlI' S at a finer scal e
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Tabd28u mmamay a 2 ® a xsbthaet i on

i mages
shown
present

di s¢ewmaces e d

on at | east
satraet icsatdicdugt @am etdh e
Remgmhat aIraindvead ckhSva)scepesEnt on
iMhessce&ndohoc a(i Molrwdi ng
autocorrkmleagihdmuor aver ag;i*ng n[dficrat# sn &ieghed d prasalber asati on

on all

one

transect

csoem bei cntaet d ofndsra stelde @arnedsleynste si n
abundanpaimlTaed

pair.

Me an

mor e

t h
st a

t ranilsarcg e pta i pienaogeeistha gpdrevfenc e wealet h o u

al |

ei ght

only five
transects),

Neighbourhood
Transect # of #images % images Mean Standard  distances (m), Relevant
Station Pai Taxon , with with abundance deviation of were :
air images 2 , Figures
presence presence (m?) abundance applicable [for
# neighbours]
2 CD Pennatulasp. 2 127 124 98 4.00 2.06 27 * 4.2,4.5, All.14
2 AB Pennatuloidea (SF.) sp. 116 18 16 0.12 0.32 15* All.3, All.11
> AB Hexacorallia (SC.) spp. 116 69 59 0.81 1.04 39 * s AL
3 AB Edwardsiasp. 1 128 40 31 0.05 0.17 44 All.9
3 AB Anthozoa (C.) spp. 128 16 13 0.18 0.34 44 [for 24] -
3 EF Actinauge cristata 119 34 29 0.14 0.32 44 [for 24] -
3 EF Anthoptilumspp. 119 15 13 0.09 0.28 44 * All.4
3 GH Kophobelemnon spp. 128 60 47 0.43 0.55 44 [for 24] -
4 GH Pennatulasp. 2 130 86 66 0.59 062  4gfforzs)x > HOANZ
4 GH Hexacorallia (SC.) spp. 130 89 68 0.69 0.64 46 [for 25] -
5 AB Edwardsiasp. 1 95 12 13 0.07 0.20 47 [for 19] * AllL5
5 EF Anthozoa (C.) spp. 100 15 15 0.12 0.30 23 * 4.4
13 AB Edwardsiasp. 1 126 26 21 0.18 0.39 46 [for 22] -
13 AB Anthozoa (C.) spp. 126 17 13 0.11 0.28 46 [for 22] -
13 AB Actinauge cristata 126 46 37 0.35 0.57 46 [for 22] -
14 CD Pennatulasp. 2 129 70 54 0.57 0.65 45 [for 24] -
14 CD Hexacorallia (SC.) spp. 129 68 53 0.61 0.76 45 [for 24] -
16 AB Anthozoa (C.) spp. 124 15 12 0.11 0.31 27 * All.6
16 AB Anthoptilumspp. 124 33 27 0.21 0.37 38* AllL7
16 AB Kophobelemnon spp. 124 17 14 0.11 0.28 16 * All.8

t ran
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Tabdl3®ai n

objectives

of ttwlne ssmadteisalofstsptait s tailc anatl ytsh e .

Definition of neighbourhood

Distance band for

neighbourhood (m)

Spatial pattern tested relative to the null hypothesis of comp

spatialrandomness (CSR)

L

Scale of
Analysis Local
Global Local Moranl Global .
Moran| andGi* Moranl Morar_1*l Global Moranl Local Moranl Gi
andGi
Peak
mcremental_ Local changes in
autocorrelation spatial Local chanae& sum
Station Atleast 1 OR Overall spatial autocorrelatior? of nei hboSrhood
neighbouring if not found, 8i 15 15/ 58 autocorrelatiort . 9
level image k-neighbour entire station image compared  compared to sum
- to its neighbours  of station
averaging for the station
1i 25 across the s
neighbours
Local changes in
Fixed distance spatial , Is_l(JJ;:naIO?hange§
Equally of 10-m Overall spatial autocorrelatio .
I'Lr\z/i;sec{ spaced approximate distance 10 autocorrelatiof image compared nelghbouc:htood
distance bins spacing of class/lag each transect pair to its neighbours compared fo sum
) of each transect
images across each air
transect pair P
Not es:
a0verall spatial autocorre)athonesgmbbarihygy abundandessamuear
Local changes in spatial autocorrelation similarityvdglHHer
(per .i mage)
‘Local changes in aggregation of | i ke abundance values
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3Dad8ta Analysis

We recorded 18 T7kitfafte roennst, tfaoxr-a taa ttiobt had of

mbi nations. Among these, we retained onl "
s present in at | east 10% of al/l i mages
ation, resul tinnagt iionn 42 )(tToatha Ire -setaacthi0d | x mm i

mbi nation, we performed spatial statisti

ansetTabll).vael 3 (

We used several different Leotcatli satnidc 9l tod
ralmde related statistics, and both exami
om the mean value (i .e., @Bosdbnngeg) 1906987

Fortibs,ri202&2) | o aleaMdr ab&xr vabuon i s c

t included in its neighbourhood. The dev
undance is used to assess | ocal changes
uations in Ansel i n, 1995). Positnvaendal u
S neighbours being similarly | arger or s
ation (or dedihwmeatt Maoirra)n. cThiisgsd ers of si m

l ue of observation high anHi gdm bgHiH) oofr t he
w obsleowaneioghboewovb;bpd Negative values of
entify sianuatbisemy atvvheme anadiistssi meiaghbour

undances relative to the mean,e sounl etl idoe@ In g

ran oluhtel icearlscul ati on of gl obf@all|l Moo@aal i nco
r aln 6 a g nsgpgaatti a l autocorrelation over the
| ue and can (mAinssse llionc,all 9c9h5a; nEBeasl 20 K2 &)or t i n



The ®etlt atGis)tial o describes | ocal patt e

however, in contGAstntbubesat hBlovahae (i . e
observation in the sum of its neighbourhoo
all observati on(sgsirni ,t h2e0 2s2abn€cl ;e dGeatriesa & Or d,
1995)Therefore, an image with zero or | ow a

there are observations of hi g6f atbemtdsa ntchee i
| ocal pockets of similar abundance values,

|l ow val ues.

These statistics describe dididédfectesnit spa
whet her an observation is similar or dissi
identification &f dlessréebesawthedttelri ¢he. mo
di fferent from the gl obal mean all owing th
Neither statistic can differentiate betwee
structure and wlkegual tsh ¢ hleo(ghhad bea V& Faogret a gne 2

(i,.enot significantly different from randon

For thtesedtiaomal ysis, welzadaud adleld i @l
transects at each stath)onFusehfgyAr E6Fr SeRchoh
for that station, a fixed neighbourhood di
ensure at | east one neighbour floervedach 1 ma
analysis, we cal tatl-atG@ds Gaobal biMos aphds spa
generated spati al correlograms hbR each pa
packBg€@oi(e TeBgn,r ns02Idc k& 0e;t | dly)v.e rBeel 9f i r <

1dn di stance bin reflects theloappsokveathbed
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chal

of t
Bonf
(e. g.

l enges witbwmoubbhcptedtepatingl correlog
he maxi mum di stance between the farthe
erroni progressi ve,whoellressc i. Dibadhoe elaa$:

, for Udi=s t0a mceFidcetacsls.ed2,%). Fortin, 2018)

We investigated | ocal Gipgadi AbcpbotMéar as p

at t
patt
opti
i mag
(det
nei g
spat
Thi s
stat
( Fal
and
proc
on t

The

he st dathtieccoaand ewtel | awndl i n Ardc&sv &l Pro. T
erns, we calculated these statistics a
mi zed (lEstrspot20t2@®l), the software first
e, ensured there was variation in the

ermined by their | arge distance from o
hbor hood deids thayncfe rvwsas dseetleercnti ni ng t he h
ial autocorrelation, which corresponds
di stancspeaiyf be, shemi esng iantTeher et at
i sti cbhaissedcaolnc utlhaet esde|l ect ed nei ghbour hoo
se Discovery Rate) correction is wused

dependence in the data due to spati al

edur aniknwngl wéed mprobability values to s
he estimated proportion of incorrectly
FDR critical wvalue is gen@x@lbuy) | ess t

greahan the overly striédorBdetainidtenianddijugs

Benj

nei g

amini & Hochberg, 1995, VWhaéwmashee Cast

hborhood size could not be deter mi ned

software sel ected Kan efiigxhebdo udri satvaenrcaeg i bnags. e dT oo
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| evel patterGfs,amnmde Icoadachu Iddmtcdadntbisansect pair

m, after reassessment of valid i mages and

Il n addition t o teheusbeedn tlhaoysecrasp eo fl agyeeorl,o gw
signi fi elaenvtels tpaattitddrr n si N oluu piutg ogdockmar k/ pi
scour densWeyexandcskedpehe geol ogical dat a
Arc Gl S Pamdeaxigl tdhipead t eernnvsi rionn me swiatGh vari abl e
hot spot/ col dspot adGlfa shsoitfsipcoattsi oann d( ianlcll ucdoelsd s
signifitAadadietil evall |l y-scabeebamithecf deat ur es
|l ocal areas of high (i.e., c¢reastian)g and | ow
bat hymetric position inde>xm BRIy medyegr raslt
Benthic Terrain Modeler (BTM) 3.0. BTM per-
bat hymetry | ayer, using a neighbourhood wi"
anaduter r adsauasl SPabcted?rbso(ter radius cell s >
resoluti onc2l0cuwml at e -mhgr BPUlocébkag¢aeth 210. , :

Wal lgrei cet )dIs.i miT2o@pro8gtraa phi ¢ Poismtotomed naltexdi é

4. Resul t s

4. 4SphatSitalu cattue eLefv &SIt at ilomd (0. 256

Of the 20 mossstptomnnemnmmmbi axodmnons (pres
of i mages on any tran$eovelpapiat)} erhB8 exbkibd
GF hotspots and sometimes signlidhblceamd. 4 oc a
Fi guRA&GC3 A&C,f ArA ejyamMaey ofsttalhda soen tcaoxmbn n a

also showed significant positive spatial a
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Mor almds 0. 07 tia50m88ef ghbe8r hooF gduirget aAnc e ;

Al 8. & Th®l,e imMdicating spatial structure at
statistic did not denldect|l spptatalal astatost e
detect spatial-stdtriuen ucembiTeatitax®ndi d not
significantly differentTafbd @amdr apemdaw t he
Al 9).. Overal |l , tshcea lper esspeantcieatl aftsitfairuncdt exr eel ait mp
summary stavwersdlilcsmgan eabundance) may not |
significant taxon agagroecgaat icohnasn giens sionmes paartei

should be considered.

4. 4SpatSitalucattue eL&Vredn 06 Okm?

Overall, the outcomes of tvhaer iaanbaley saensd ,a
generally, there was |ittfligueB&@AI.BERD struct
4 B&D) . Hot spots were sporadeevebndbemat here

some | ocal Moran ouPénerasubaoi9deantt gsBRa t}iroanm s2
uni que -lterveens epcatt t ern, with hotspots of abun
yet |imited preseRrRcgueksAdWheBef OAppentdi was
find Hrewredeatr eas of uwndganncfe ctatman yt hhe gnheecan a
those that were present covered a small ar
(HL or LH) indicated patchiness at) ,the i ma
where abundance differed significantly bet
i mages with higher abundance weeleatpirveesleynt

little spatial structure at the transect |
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trandseescethmary statistics (e.g. armeanomdbhinyd a

representative.

‘ Nl B ® Cold Spot - 99% Confidence
A % - ®  Cold Spot - 85% Confidence
Cold Spot - 90% Confidence

Not Significant
Hot Spot - 90% Confidence
® Hot Spot - 95% Confidence
% ® Hot Spot - 99% Confidence

§

”

. High-High Cluster
® High-Low Outlier

o ® |Low-High Outlier

Low-Low Cluster

I Not Significant

0 0.15 0.3 0.6 Kilometers
I T T T |

Fi g42leocal spatial RBRdmnastpuitad &St adcuopu foar t h
A&Cst at evoal wsaitnge rmesi g h beiur chlowdi mg a1217 8 tr
cal cu; aB & D: s seevcetl wsaitrntge rMnids ghbour hood di st al
transect pair (AB,A&BD,arkF,r 6sH)d ttssp @arroantnall y s
using upper | egend; C&Dlaanrad yrsei ssulutssi nfgr o no we
GiKhot spots and col dspots are shown based or
the critic&l Of@&lIa® 06bafgo. rd 89 500,f00.r0 19 9 %)a.l For |
Mor aln6a positive statistic results in clus:
observation high and val ue -Hifg htjHhHeo rn eliognh b o u
obserawi nei ghboeluoryh gbgd wheowas negative val
result from an observation and its neighbo
outliers, Rli ogwh noebi sgehr bvoduta iiioopbldo r ( Hiogwh-ha bgshe r v a t
nei ghbour-HiogphlL HLow
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L]

Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
Hot Spot - 99% Confidence

>
0 015 03 0.6 Kilometers
I T T I T B |
Fi ga3Ga ot spoti mntaHe sli @®&BRPAcCcorallia (SC.)
2, CB®nnatpualtad2 St.A}) i 8nHaetvieddmmanhei~§Bbour hood

and C)-l stag4 6 om
:B& DTer aal ndsuehcat tl i
CD,

transects

transect pair

caption).
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Al B
()
C D
0‘0
N

0 015 0.3 0.6 Kilometers

N N I T A |
Fi g4lLeocal spati al
MPA A&C:at evanl
tr nsects
di t aeaehfbransect
ho
| ower | egend

4. 4SBgni Taxama mi ¢

Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
Hot Spot - 99% Confidence

High-High Cluster
High-Low Outlier

Low-High Qutlier

Low-Low Cluster

Not Significant

fsrttaht a zsat aact(aG S 1) gautst ipgpumte  5fL «Cr
wsaitn ge rmesi g h®dmoiumr chlowdi mg a121 8

;1 nB &cad it sedveettl | s e rnG m nei ghbour |

Three-staxoimn

ar eas

m), but

Tabl,e @&mp@erdigurleAl & .Pe n n atpual nad

spp. at

stati

t he Gsft ahtoitosnp oltesv ealt

SO ar eas

on

combi

pair

(see Feg@pgkaonapti oon)f

nat.i

a
s (ARBB, aCle, rBEktulGH) fsr
t spotusainmad ywsp;eC& D eagreen dr e s u I6tka n & lrugssninggo ¢ a |
w

l egend in

AdHgt egat sons:

ons showed signif

(dliafrfgeer é/h® nei gh

6f goolf ds pod284p , ( Bwegur a

Hexacorall i a

bited hotspots/ clust



station (transects AB & CD) anadl tahaduwghds po't

opposite ends o0f42tA43 AReammsaetpulals?2 EFaguoaes 4 s

hi gher abundance in the western section of
at EF) and | ower abundance in the northeas
(Fi g8 €e

4. 4ShAaned LoooBht Honspot s

Overall, our results indicated that hot
abundance than the mean) variedstiant isamze an
combi nati ons st@ft itohne cloOmbti ankaet mi eoln sp ami tt ehr nsst,a t
t axsotha on showed | arge hotspéa2M3IRQA h wlnimlee c ¢
seven others showed smaller hotspots witho

di stances riddpieablf)e.o4T I2elr5e was variation i n

o

f hdatsPgmoomastpul 2, HexacorBEhhat (5C€iI }heappSF.

stati on 42 A43FA,g uarneds FAipgutrded aAh @) .. A

There was minimal overlap among taxa in
For exampl2e,o0aérbkbappiong hotspots were det e
(SC. ) sphPenmatpBlo®2matPehm amh,ul @on dhd a L (G5SBh)l) s p.
taxa overmappetdamatt a8’ ftocations. However
and coldspot areas did not overlap (90 hot
station 16, 2 of the 3 Anaxap@pPhdAhumdz B8 MC. )a
Kophobesdgmnoat 16 m) overlapped in 4 i mage

overl|l apping hotspot3/,codl.dasnpdots areas at st at
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4. 4RBIl atidnEmivpr onmenandl| Syati albl &s ructure

Most environmental variables (depth, o0Xx
varied |little witHAabll&aAhHsesweauaro,n HAmpe egead |
vari ables showed variation within a statio
pockmark density, ice scour dPesmn&stpul &nd s |
occurred in steeper ar easatvniet it od Idisglottisy (rra
45A) , whil e those of Hexacor altlhdemal d SSgCat)s swip

similar pockmar k FdegnubrledAYAL f ©e e @A ghmp.h d 5 X

Overalnder lhodep eats esdteatet ban2t Aerdod her st
Based on the benthoscape classification, o
throughout station 2, but there were two b
(Appendi X1E) githree AR bent hoscape was associ a
meagmckmar k dedsithwnripg IO akbrh e L4alc.hlariint ® et a
2020 Based on overl aymoftot s phdmmabthuwlsa®2ape | a
station 4 occurred in A2 and coldspots in
l ower (~2i.m tkhme A2 t?haFRi4m)r.€ ZOe s(p~i5t kM ccurr
same bent hoscapkRennARtpunlask s pbat aorad, had hig
density Jovamn6t hkm coP)ds pHott saproetass tf (@45 orkons t
combinations were not related to bathymetr
the orientati on Poefnntastpualsae st at i heowt cséppot twsh eweer e

in areas of high points/ crdb6sts compared to
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A 31 _— . 0.0507

? '] l&""‘ ‘l\‘
‘ T 6 - £ 00251
5o ° elmTT Ok
= 0.000] —e—r——
-3 z >
D E % 2 % 0.025 4
: Q O o0 .
Slope Pockmarks lce Scours  Cl-class
E coldspot
B - hotspot
3 . _— . — 0.151 o E 4
: DI By random
Q 2 € 5 — . e
= -~ 010
)] . =, =3
(] -, . g
. #* -g 3 |£| 'ﬁ 0.051 .
()] e _— @
(4] H o 2 g
0o i 0 ; O o000l ————o
Slope Pockmarks lce Scours

Fi ga5Beoxpsloowd mwi ronmerst all opar bra bkat byymetor vy,
pockmar k and iade esddad re Wkdfrod istpyo)t s, col dspot
random If oRteantn sptpwlta2 A) st ati onM@diaamd nBietrist at
quarti(25%5hergeentile), whiskers show the s
1.5 tiimegsertrhtel IFeo rr asnrgedi)igdhb o2lr hood ndiwsittahn c e
n=74 i mages in hotspots, n=41Fiomn c¢dlhdspat ¢
nei ghbourhood WKinetigmbe® uwasaved aminhg for 25

i mages in hotspot sab(uindalnwdi)ng nl=13 2wii tnh czod rdos
random.

4. 4 Patte&drmPsatch SizaxndAnmMamq sTeacxta Pai r s

We determined pat-shasiaeer €tombsoame-i bAZpnN
m di stance clcass edfogtrfmaenss pwatsi &li gni ficantly
(Tabl,e d&@nd Appeurbe3 XA Tallh.loe Axampl e spatial
and patch size varied by taxon Reidnatrualna ec
spat2stati dln9 2m wans s~olnfe transects (AB and (

and GH), whereas at station 4 TpaétehidBdrze w
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Hexacorallia (SC.) spp. at station 2, patec
identified. We could not determine patch s
autocorrelated or was negativelyfacieoaotorre
i mage size or sampling design to detect th
autocorrel atPemnatull®i dved 4 st §F.j)ons 2., I ranse
uncommon in our study but cawlperaslion i(Mplpye

Tabll & . A& BA.

s

Gi_Bin

@® Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant
Hot Spot - 90% Confidence
Hot Spot - 95% Confidence

® Hot Spot - 99% Confidence

Value

’ 56

L =237
. Pockmarks
= [ceberg Scours

W

0 0.13 0.25 0.5 Kilometers
| ] ] ] | | ] ] |

Fi g416rBeat hymetry posit isocnalien dfeexa tsuhroewsi,n gwiftihn e

cell s nd outer radius 25Pesratpesltdaa dtocar 50
l evel hotspots and coldspots overlaid (46
pockmark/ pit center |l ocation (unknown si ze
geomor phic features Laancdh a20 tnm® .beat haylmet r(y2 0f2r0

10€



Tabdd8&ummary repalttalfcomrel ograms perfor me
t axsothat o mbi nati on an@nlty asiksewstingmaiti fnriocsa&n twi g &

spatial autocorrelation for the figrst dist
as s o dGl aothead | avhqar mma b i Isu s Wh § a®&tech size, al so
spati al range, i s thRkendestapmptpaftodnt tcloerirretl e
usi ngecert lpeackage.
Mean of

. Transect Distance Global Probability Pf'ﬂCh

Station . Taxon Moran Size*
Pair Class value
l (m)
(m)

3 EF Edwardsiasp. 1 6.93 0.16 0.01 24.53

5 EF Edwardsiasp. 1 6.52 0.19 0.03 7.62

13 AB Anthozoa (C.) spp. 6.97 0.19 0.03 8.63

16 CD Anthozoa (C.) spp. 6.36 0.23 0.02 7.61

3 GH Actinauge cristata 6.90 0.20 0.01 20.13

2 AB Pennatulasp. 2 6.50 0.44 0.01 18.77

2 CD Pennatulasp. 2 6.80 0.32 0.01 16.43

2 EF Pennatulasp. 2 6.74 0.38 0.01 7.17

2 GH Pennatulasp. 2 6.46 0.50 0.01 6.68

3 EF Pennatulasp. 2 6.93 0.37 0.01 7.15

4 GH Pennatulasp. 2 7.28 0.15 0.03 9.84

2 AB Hexacorallia (SC.) spr  6.50 0.44 0.01 18.93

2 CD Hexacorallia (SC.) spr  6.80 0.26 0.01 155.05
Not*e Patch size ~10 m, tchaant biendInu dce priemmad ia
neighbouring i mages; if > 10 m, patch exte

4. PDi scussi on

We exami-nedl € isnppati al changes in abundar
stations across the LC MPA, at the broader
transects. At the scale of stationO(2p&ti a
kM, 6-staxomomn combinations showed signific:

nei ghbourhood di stances of meters to 10s o

were required to detect spat iaablu nsdtarnuccet utrhea n



t he mean abundance for the area (aggregat:i

(spatial out |l i-setrast)i.on , Fotrh eesaec ha gtgarxeognat i ons n
spati al processes that have occurAnred haet stcha
of paired transects (spatial ex ®)entwe iomdlyu
identified a few small aggregations with p

occurriddgmadi §tances. Some deadizh7em, odndeinm
one case ~155 m, but patch sizes were var.

same taxon among transect pasicrasl.e Gvpeartailall,

structure for sever al but notfakltebéenphtte
were | i kely caused byS uygmddrlcievge $4 paadbtitisalo t ps
coldspots had overalllniaddiet rovrerrd fagpt taemeomngl

compababWweednuet atxoa di f f eorde ndti snteaingchebso ur h o

Using theldo@& &It aMorsancs, we identified
patter nsati ear deecerpal communities, baseal en ct
aggregdtldonesf (Meters), at multiple sampl i nc¢
LC MPA (1®0.0sHwtfspgkomt s and col dspots have al
and | i-wat dare eqo rLaplesr,taunkha od lyastitah@ei $t atonsta c
cor al mound in the Porcupine Seabight, N E
similar sd¢laldse afs( @atresr Wt @n .t,h e2 0slad9me cor al
point pattern amaldos dirsd v e @Riaidcoemsatf oal .c,or.
Of f the conti nenGidflotsshpeoltfs aafn dC aloil fdoesrpmitas, we

soma Pens andavbehecodakp, at much | arger n

1000s of meters and over a &3P ewats patsi alt
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al . ,. 28@e@i)tionally, contagious (aggregated)
i dent iPfeinenda tfuolranatbhke&ubaf of Maine, for i ma
m’(Langton .etHaweverl,99l00cal s pastpieacli fpiact toerr nv

by | ocation and dept h.

4. 5Pat ectaualkes for Spati al Structure

Thleoc al hot spots and ntaoyl dosep oattst roi fb udtiafbfl eel
di fferences in suitable habitat for a part
anRlennatpul &2 were preséwitth hhougphotus caomde

northern part and col dspoasan no pphoes istoeu tenned s

—

ransect pairs. Therefore, we inferred tha

(7]

tation. A combination of enviarcdmmentmaly, hlai

caused these patterns.

4.5 BEBnwvii r onFaern toa Is

Al t hough environmental data for the LC
evidence that geological factors,wsmumeh as
related to the ecological spati al patterns

observed at t he ?%pmeatei dn kledwelc a(uk.eXd5@ ykmenvi
stadi ame cPkedasptpus 20fappeared associ ated wi

sdalcB0Or m) and higher?pockmatkadensbhyt bk

~—

coastistributions of three s pencsipeesci dfi esde a
scal ef2a0cOdame, t> ) @(send tuht @ a08). Hotw eavle.r , 2tdHne Al as k

presence aoFp ethnhoes ar waselgaboegye@cat eTRktor



unknown, > 100 m Sliugel dro .etaBtRily.nTePtI2 0MEB9 r et ai
i mportant variable in modefuundindwmi setal eh & c
Ross et,abnd 282Nbus heasbdl Pacnf(lIxO0Od em,i on o
5000 m, and@®®;Crh,m et .allh.e, o20cludijrheenrc ec corfal s a

megaflawa al so been correlated wit-$he®PI / TPI

environments, suggesting that | ocal- proces
dependant @Gaocntgirars dte.aqgl ., 2M@8de Pesemnohet
BPI at various scales is needed to underst

Il n our study, most stations included a
geol ogi cal characteristidtcbetbr wegbhbottivo Hew

classes that may expPéemnastpailha® , spasisalbl pyatbtee
scale geological wvariations in pockmark de
Pockmar ks are craters created by gas/ fluid

sedi ments, they c(amadert, als9 Sle;d i Lrecohsa rieitta® se t

al ., 2020; Werbdb havelheemO0dbVgoci at, ed uwiht h ¢
asea pens, cer$amdztd detSuamin.dal e@tlxzlal ., 2004;
2009)

Ot her featated htehat nod € c 0o msfesdg pefpmas €8 c e
otarbonate ppesspblcautradsdaetaseppd ovi de a refuge
taxa from predatWelsb asmtd Falr . s,aexh@®@IPenr an
hot sphPdmsnatpul &2 appeared to be | ocated near
(which can be difficult to distinguish), b

i mmedi ate area of the hdthepetsifoludtHexmcoe aj
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water corals on the co(nBriynaenn t& |Mest kabxpaes ,0 f2f0 0
related to sl ope. I n our study, despite th
Pennatpul &2 at Lsatsattliyon i ce scours varied at
the LC MPA is uncertaimmas |ldnsssaoeca saetde de pwiftahu nc:
sedi ment at the eddesnecf eilODdcdaakesceRO® OVFPatmemed
vari ables not accounted for in this study
observed in bbhbe ecdNP&n e tam b yasroeat e s

available to our knowl edge.

Il n our study, substrate might explain t
(SC.) Peppnastpndal at Wsdaobihowanyon (NW Atl ant
zoanthids and cup cor agrsaiweede saesdsionce mattse,d aw
with deep (nPuidedryd cammeenaiscSe a e p e a lipn et@hdeh ¢LECA MPA
was associated with enhanced ammonium ef f|
stations 14, 13, and 2 having the mi)ghest

(Mi atta & Snelgrove, 2021, 2022)

4 . 5 . Bli.a2l oFgaicctaolr s

Bi ol ogi ¢saducH aacs otrlrsose rel ated to reprodtdt
and -rseeclrfu jnanye nhta)ve al so caused some of the
as the hotspotPe naaresdpud & dRtpoddtsd tfioamss possi bl
| ocal hot spots for some <cor al taxa in the
settl ement. PAggarmdgtat ahbeof opti ma-l spacin

competitive feeding based on | ocalawcgdrrent
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fertilization in the water column, and opt
for setlbadaregnteon etlmltur M,99d09gl dspots coul d b
among benthic taxa for food resources, pos
hot spots and col dspot sPerfn &tpxlad2o @&l Vet at ( 86
propose that the patterns we observed at t
bi ol ogical factors, but due thoawvehealnsecst ed

i mpacted patterns at the station | evel

4. 5. I11lmp3l i cfat i Moasi t oring

OQur study identisftia¢ed vauiabs | oft ysmalat s

during monitoring of biodiversity. Spatial
of the area to be monitored, undecpiummeédghb
on fine scales. Collection of baseline dat
scale processes can be captured. For examp

in different regions of anoMPAecanchaadet a

mi srepresent the conservation outcome.

To effectively capture spatial patterns
spatial scales, a standardized sampling de
sever al parall el transects were arreggeui red t
number of iIimages wit-tm sipacdiemgnt aspat i wilth at
200 m apart) allowed us totdaet emmi,ndupamnoh

Ther ef esrcea,l| ef icmese studies are usepuiate fef

particular species of interest.
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4. 5LPmitations

Sampling design, including sample size
(i mage di mensions), and their arrangement
power of spatial statistics andatl e & dtog dti
2014)Therefore, a rejected nheéilndpympot hesi s
significantly different from random) <coul d
i nappropriate for detecting the underlying
random pattern. Since the space dhetweeen i m

assumed that the neighbouring area had a s

bet ween i mages), which was reasonabl e give
addition, these spatial statistihasn were no
bet ween stations, as they werkowewmen,t etdh evd ¢

nei ghbourhood distances were selected as t
specific taxon, providi ®Ogrsomeul hsi ghtkiedt
Mor alvn@d ues at multiple spati al |l ags, there
patterns using the shape of the correlogra
(Dale & For®ver al2l0,141)i mi thaatlil cemsg evse rwe tah rseasm
performing analyses acrosofd betgueent ady aa
extent and higlhn sapdatdfi ¢éail ®mwisrod unhd mtnal dat a
snapshot in time and while adeaoqpatttled@mmgpr
time series would be more representative o

ecol ogi cal procesges i(r.fgogd se@asmanad ) cha
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4. 5C8nclusion and Significance

Using gl obal and Ilqoucaanktiisgfpya f isackan set ésiprasttiia
patterns for benthic taxa in the Laurenti a
knowl edgenée sof the first objective assessme
in the deep sea. Few -sdalde esp pteirdloranreal 3 an
(Conti et al., 2019; Pricéieitalng,ndZ20r2pheitW
and gepat taktrtdt but @e pr oce asedalindesa.t Wiciclue
presence and summary statistics (e.g., rel
approach assessed significant clustering a
inference and est iAwmadtiitnnge ncaobnnfeiedndt nad e rdliadt \ae Il g
fines@woualdeal | ow for further interpretation

of these taxa.

OQur research has implications for devel
desmpa ecology and conservation research at
analyses (e.g., using traw$calae¢ adi assiumet iu
pattewmanes tahnuds bi ased, | eadi fg. go Chamceantaci
20b;8 de Mendon-a .& Miestianxtaesr,ps 2@ 2ast)i pant todr M9 nc
result in ineffective sampling, failure to
eshtlai sh accurate metrics foseasscempunmnigt t e snp
scale spatial analyses can reveal the ecol
predati on, and competition that ghvaesroses
il lTustrate the need for further research a

expand our wundseateaeonmmogi bfedsdeep
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CHAPTER 5

CONCLUSB®ONIRECOMMENDATIFOM3EVEL OPIANG
MONI TORIFRGEMEWORK | NDEEHKE A

OQur wunderstanding of ecology in the dee
spati al patterns, and environmental factor
cm) is generally lacking. This thesis cont
fodri fferent sampling tools (ROV, drop camer
and resolution on ecological indicators (i
environmental drivers); applying methods f
p aetrtns at | arge and fine scales; and a di sc
bi ol ogical factors) that may have generate

interpreted t keeiededcmltchgy oafs smanthrlomages i n the
Marine Protected Area, with implications o

research and memri tecistygtiemsdeenp

Appropriate sampling tools and resol uti
abundance and diversity, and reliable spat
used tools (ROV, drop camera and trawl) f ol
highlightbednehets (e.g. effici-efnfcy ((eo. g.apt
sampl i nhaptheer) TAe ROV had the | east distur|
accuracy, and continuous sampling that is

Sspecioecd agasson anal yspeci Howebens Daxoanred a

11¢



wher e tchheanedraomapt ur ed hi g hEedwaarlsdgnidedAn ae df or
Pennatpudmd) hi gher diversity with | ower sam)
guantified communs$ct¢tgl stspatiuale patdt éangeus:
ROV and a drhapt)iceamEgriach were more efficient
i nvertebr atCesa ptthrearnl 2t frawd & t(hat i ncreased scz¢
100 ms needed t o fQhlalpyt) eersA3isrtaa ned adri dviezresd thy
resol ut iarnr ay,anosbetcaai ned with the highly man
examine 3 nested spatial?dscphesefdl evahsecs
kM, and i mage ( meaht ar2.a4 0)fN 00 07638 wblasratl i6f0y9 fr
aggregations and patchiness with | ocal and
Mor Bann@i)*Ckapt)er 14 al so assessed sampling re:

with adjusted spacing betGCuheaepnt)erm3gresv ¢ &1, e d

changes in composition (i.e. species richn
resolutions, which were particularly i mpor
abundance. Therefor e, stainapll irnegs odleustiigonns (wei.tg
transects and i mages cl oser together) are

To gain insight into ecological process.
and abundanceib@@O0Obsakmp 1aBO6EMMNescal es. | ma
trawl captiwnrtead tdownteeri f aunal patterns (i .e

hi gher biomass equates to higher numeri cal
hi gh numeri cal abundance and | ow biomass o
numeri cal abundarChe pa)red H&crggheebispma s sl ( anal

mil00s km) revealed a patchy community stru

11€



similarities within 10 km butChpaopttleenrt T3and e a i

types of assemblages wer e doReunmeantpuelda2 ( 1)

and/ or Hexacorallia (SC.) spp. in shall ow
hi gh abundance and | ow diversityseal(2) a di
anemones/ cerianthids) in deeper (> 400 m)
|l ow abundance and high diversity; and (3)

(dbnt hoscape chbaakieB82f O0OmAt -Fewmal station

hot spots/ aggregRenosestpubec uarnrde He(xea.cop.r,al | i a
variable patch si zZ2g% mt &ahd tnaasectatevel
taxa at the | Gagetlkeevodle rs(adalllQe npian(éd er ns wer €

specific and someti mes varied for the same

sampling designs should consider spatial p
c a petdu.r
Environmental and biological factors pr

spati al Q@hhapteardisZ f ¢énences in epifaunal pat

abundance) were |ikely related to biologic
individual s/ taxa. For example, small sizes
pen speciels Bihomwaang dhegpite | ow abundance.
i mportant drivers were identifiedkifmpr asse

Chaptieranld3s paxiomi c patterns at thei58tati on
Chaptler O er al | |, regi onal community structu
assembl ages associat &€d awit)teln al3 epnottheonstciaaple pcrlo

geol ogi cal features (i . e. pockmar ks and i c



circulation, sedi ment composition, food, o
di fferences between and within each type o
Kophobed pmnommtainmauge crnidsttehtuss are potenti a
These included several sea pens that |i kel
(iArt hoptipl. Kaapnhdo bed gpmno nwer e associ ated wit
communities Péadmamaiptu bh a&rust u(rie. er.es earicohnson spe
may help gain insight into the taxonomic r
environment al (e.g. BPlI, benthoscape, sl op
reproduction and species associdspohs) Wik
bi ol ogical factors I|Iikely important for pa
(Chapter T4 further investigate spatial driv

needed at the scales relevant to significa

I n this thesis, | demonstratedseaa novel
ecosystems. Significant spati a108srkm}fuaerd
finelQ®Ws m) scales from high resolution i me
environmental or biological drivers gave i
di stributions and community structure, rel

found that community measures of -abundance

s piefci c bias and sampling resolution (i.e. ¢
Appropriate sampling designs that consider
represent asteiaorepofoecedap c megafauna (e. g. Co
abdance), facilitating comparisons over ti
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et al may

2028pl ve part of this issue and ai

recruitment. Standardized designs with hig

be perfo
compar sd
sampl e r

patterns

To be
adequat e
by habi't

patterns

represen
whil e sh
f orn rpil lmg

to ensur
referenc
needed f
spati al

i ndi vidu

or al | C

I us e

which i s

rmed with highly maneuverable and
rebedsampling with Campod i mages),
epl acement while maintasanalhng $ipagthi :

and species associations.

representative of taxa and assemb
sample size and effort (e.g. numb
ats and scaled by area (i .e. more
| i kel y hawvset rsaptaitfiiaeld vdaersiiagtniso nnsa)y. n
tative, as deeper assemblages (> 4
all ow assemblages have variable ab
future samplidpgf fleaktitt pevea,r i @ad eas ,pr
e that the full di versity of habit
e sites outside an MPA, comparabl e

or each type of a-spgiefmbd ampet.t d rnn sa,d ds

analyses (e.g. patchiness and comm
al taxa to be meaningfulg, BAt heeat
oral s).

dr eas ohliugthi on, systemati c, cluster de

recommended to detect unknown spa

sca(lleesgendr e & FRaort-ampt al®BOl) assembl ages in

speci fic

al |y, I recommend spacing bet ween

12



replicates per habitat, i.e. a few station

l i kely detect |l ocal aggregations?(pken addi't
site/station) are suggested to capture abu
spatial structure, stations should be spac

assembl ag

(¢}
(7]

, but replicates (ired tmulav@ilcdk

skewing estimates of abundancre,subyveqseéenty,

years, should also be < 10 km from the tar
and spati al |l ags should capture all target
repl acement or subsampling.| &gstban, bdesgt g
for a wide range of analyses, for exampl e
that require spatial autocorrelation and s

independence.

Monitoring recovery or changes in epibe

)
®

. gl0 >y bars {({DFOskmaWNEkedres) et Haweye2015)

preliminary/interim studies (e.g. statist:i
used to optimize monitoring sampling desig
replicates, and spati al exttest)etdhanhahyseeas
thus assess conservation objectives with ¢
thesi s may be performed with variables ot he
including tHevMRA nMotrmwotrokr i ng framewor ks fo
aim to incecpbeasaeammbihg designs and compr
rasmgof indicatorsp (kbag. mby benstbakbedpes)

the anticipated MPA net wor ks.
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Tabl EChAdr.acteristics of benthoscape
the area surrounding the Area of |
Ar da.
Surface area (km?%; | # Infauna Pockmarks/
Class | % of study area samples | Depth® | Slope” | Scours® pits® Surficial sediment
Al 3178 (23%) 14 Deep Flat Sparse Very Fine sediment
abundant (predominantly
mud)
A2 1564 (11%) 7 Mid- Low [Sparse Very Mixed sediment
depth [relief abundant (presence of gravel)
B1 66 (0.5%) 0 Shallow | Very [Absent Sparse Gravel/Sandy Gravel
steep
B2 745 (5%) 2 Shallow [ Steep | Absent Sparse Muddy/gravelly Sand
c1 1274 (9%) 2 Deep Low | Very Sparse Bioturbated mud
relief |abundant
c2 4654 (34%) 7 Deep Low |Abundant|Sparse Sandy mud (gravel
relief traces)
TZ1 1595 (12%) 7 Mid- Low |Sparse Intermediate | Mixed sediment
depth | relief (presence of gravel)
TZ2 589 (4%) S Deep Flat Sparse Intermediate | Fine sediment
(predominantly
mud)

For each characteristic, distinct groupings reflect average values in each class.
“Shallow (<200 m); Mid-depth (200—400 m); Deep ( =400 m).
bFlat (<<0.5 degree); Low relief (0.5—1 degree); Steep ( > 1 degree); Very steep ( > 3 degree).
“Absent (close to 0 km™?); Sparse (<1 km~?); Abundant/Very abundant ( > 2 km™?).

dSparse (<<1 km™?); Intermediate (1—2 km~?); Very abundant ( > 5 km™?).
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Tabl 2SuAimary of transect met adat a imumhber ,L aaurreean,t i daenp tChh,a nanletl i tMiPdAe
i mage, as well astohel sohr82andaesdcpoi n8st (ansect3s tprearn sReRxPtGS psetrat
Campod station). Altitude refers to the height of the altimeter

Number S-L?r:atlnf Mean Stafﬁd?‘rd a'}{[lii?;e Stapdgrd ag/la?;zned c?et:?/?;[ﬁ)rr? St?‘” Sftart Enpl E'nd
Transect of Images  area Depth Deviation above de\{latlon areaper area per Long|'tude Latltyde Long|.tude Latltyde

Analyzed analyzed (m) of Depth seafloor altitude image image (Decimal (Decimal (Decimal (Decimal

() (m) m) (m) (m?) (m?) Degrees) Degrees) Degrees) Degrees)

ROPOS
2A 62 141.9 348.15 0.68 1.23 0.33 2.29 0.56 -56.67042 45.53298 -56.66594 4553123
2B 54 120.49 348.74 0.70 1.04 0.28 2.23 0.55 -56.66649 4553134 -56.67034 45.53284
2C 63 124.87 349.82 0.52 0.92 0.17 1.98 0.28 -56.66719 45.52954 -56.67163 45.53128
2D 64 132.88 349.79 0.50 1.06 0.25 2.08 0.50 -56.67175 45.53124 -56.66736 45.52950
2E 62 117.86 351.25 0.75 0.83 0.10 1.90 0.16 -56.66848 45.52790 -56.67281 45.52957
2F 58 133.72 351.23 0.83 1.20 0.36 2.31 0.55 -56.67298 45.52954 -56.66854 45.52782
2G 62 114.94 353.58 0.76 0.88 0.13 1.85 0.17 -56.66980 45.52625 -56.67415 45.52796
2H 61 146.52 353.77 0.95 1.22 0.38 2.40 0.63 -56.67426 45.52791 -56.66982 45.52615
3A 65 93.31  445.92 0.35 0.99 0.16 1.44 0.20 -57.37146 45.94323 -57.36749 45.94554
3B 64 91.01 445.78 0.35 0.94 0.13 1.42 0.18 -57.36737 45.94548 -57.37137 45.94314
3C 63 83.22 445.80 0.83 1.07 0.31 1.32 0.21 -57.36950 45.94191 -57.36556 45.94421
3D 56 83.01 445.84 0.79 1.00 0.29 1.48 0.25 -57.36550 45.94412 -57.36943 45.94183
3E 65 104.36  445.87 0.42 1.04 0.20 1.61 0.25 -57.36767 45.94066 -57.36371 45.94294
3F 58 87.91 446.09 0.42 0.90 0.09 1.52 0.11 -57.36378 45.94281 -57.36759 45.94060
3G 65 97.56  446.29 0.51 1.00 0.16 1.50 0.22 -57.36586 45.93942 -57.36183 45.94169
3H 63 99.49  446.35 0.56 0.97 0.15 1.58 0.20 -57.36181 45.94158 -57.36573 45.93933
4A 64 114.31 333.00 0.68 1.15 0.20 1.79 0.29 -57.24532 46.09556 -57.24032 46.09642
4B 60 85.64  333.09 0.74 1.16 0.24 1.43 0.33 -57.24038 46.09634 -57.24540 46.09548
4C 65 115.34 335.66 0.81 1.10 0.23 1.77 0.28 -57.24472 46.09372 -57.23965 46.09460
4D 64 117.8 335.85 1.04 0.96 0.13 1.84 0.27 -57.23962 46.09453 -57.24472 46.09366
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Tabl 2 Qdntinued)

Number sz(lzr'{]acl)f Mean Sta'."df”“d a'}:lift?c?e Sta_ndgrd ar':/la?;zned (?S?igiacl)rr? Stgrt Sf[art E”.d E_nd
Transect of Images area Depth Deviation above de\{|at|on areaper area per Long|_tude Lautyde Long|.tude Latltgde
Analyzed analyzed (m) of Depth seafloor altitude image image (Decimal (Decimal (Decimal (Decimal
(m?) (m) (m) (m) (m?) (m?) Degrees) Degrees) Degrees) Degrees)
4E 63 75.12 337.10 1.43 1.19 0.34 1.19 0.30 -57.24401 46.09189 -57.23896 46.09279
4F 65 87.58 337.18 1.52 1.17 0.30 1.35 0.34 -57.23889 46.09270 -57.24398 46.09180
4G 65 135.63 337.67 1.20 1.19 0.28 2.09 0.41 -57.24332 46.09007 -57.23826 46.09094
4H 65 131.11 337.66 1.21 1.10 0.29 2.02 0.41 -57.23823 46.09085 -57.24329 46.09000
5A 55 109.94 438.52 0.63 0.93 0.10 2.00 0.28 -57.52767 46.21098 -57.53005 46.21384
5B 40 74.74  438.08 0.56 1.34 0.40 1.87 0.44 -57.53016 46.21380 -57.52765 46.21069
5C 63 97.18  440.47 0.22 0.91 0.02 1.54 0.17 -57.52980 46.20974 -57.53241 46.21284
5D 44 70.66  440.37 0.37 1.36 0.35 1.61 0.42 -57.53240 46.21263 -57.52996 46.20969
5E 62 101.6  439.78 0.41 1.13 0.34 1.64 0.45 -57.53216 46.20877 -57.53468 46.21186
5F 38 40.49  440.24 0.22 1.07 0.22 1.07 0.24 -57.53492 46.21189 -57.53246 46.20894
5G 46 59.31  440.03 0.23 1.00 0.18 1.29 0.28 -57.53446 46.20778 -57.53702 46.21084
5H 32 38.74  439.83 0.32 1.14 0.27 1.21 0.28 -57.53648 46.20998 -57.53464 46.20777
13A 63 87.86 433.64 0.64 1.12 0.24 1.39 0.31 -57.20464 45.86164 -57.20946 45.86288
13B 63 91.18 433.80 0.77 1.19 0.28 1.45 0.34 -57.20943 45.86296 -57.20461 45.86173
13C 61 76.8 433.23 0.81 0.97 0.23 1.26 0.22 -57.20366 45.86334 -57.20842 45.86462
13D 64 55.23  432.59 0.72 1.00 0.15 0.86 0.18 -57.20839 45.86472 -57.20366 45.86345
13E 64 90.54  431.19 0.38 0.96 0.13 1.41 0.27 -57.20262 45.86504 -57.20744 45.86627
13F 39 56.26  431.39 0.27 0.98 0.19 1.44 0.23 -57.20746 45.86639 -57.20309 45.86527
13G 33 45.03 430.92 0.35 0.89 0.02 1.36 0.13 -57.20325 45.86719 -57.20609 45.86789
13H 56 71.72  430.94 0.42 1.01 0.21 1.28 0.28 -57.20649 45.86808 -57.20167 45.86687
14A 65 60.78 343.18 1.60 0.98 0.18 0.94 0.16 -56.85260 45.73767 -56.84814 45.73952
14B 63 65.38 342.95 1.51 1.03 0.20 1.04 0.24 -56.84811 45.73941 -56.85237 45.73765

14C 64 71.84  343.34 1.77 1.24 0.34 1.12 0.37 -56.85119 45.73603 -56.84671 45.73790
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Tabl 2 Qdntinued)

Number (T8 \ean  Standard JiEeh - Standara UROR | SN Stat  Stat  End - End
Transect of area Depth Deviation above dev_lat|on areaper area per Long[tude Lautyde Long|.tude Lautyde
Images of Depth altitude . ) (Decimal (Decimal (Decimal (Decimal
Analyzed a”a'{zed (m) (m) seafloor (m) |ma29e |ma2ge Degrees) Degrees) Degrees) Degrees)
(m?) (m) (m?) (m?)

14D 65 99.25 343.35 1.65 1.22 0.35 1.53 0.47 -56.84662 45.73781 -56.85112 45.73595
14E 62 70.21  343.96 1.52 1.24 0.31 1.13 0.31 -56.84999 45.73446 -56.84569 45.73629
14F 60 59.02 344.35 1.47 1.12 0.29 0.98 0.22 -56.84565 45.73619 -56.84986 45.73438
14G 54 90.52 344.32 1.41 1.36 0.36 1.68 0.31 -56.84874 45.73287 -56.84440 45.73473
14H 62 99.94 34451 1.30 0.97 0.18 1.61 0.22 -56.84443 45.73462 -56.84864 45.73281
16A 63 87.3 444.26 1.09 1.03 0.21 1.39 0.16 -57.51709 46.14507 -57.51707 46.14150
16B 61 85.63 444.36 1.10 1.03 0.17 1.40 0.19 5751721 46.14165 -57.51719 46.14506
16C 48 42.89 444,58 0.67 1.12 0.24 0.89 0.15 -57.51976 46.14507 -57.51979 46.14146
16D 61 55.17 444.53 0.65 0.99 0.15 0.90 0.14 -57.51994 46.14146 -57.51992 46.14504
16E 46 47.94 44441 0.90 141 0.32 1.04 0.18 -57.52253 46.14507 -57.52252 46.14146
16F 62 45.28 444.95 1.00 0.97 0.08 0.73 0.09 -57.52267 46.14147 -57.52267 46.14507
16G 58 52.18 445.77 1.71 141 0.29 0.90 0.14 -57.52525 46.14505 -57.52526 46.14148
16H 58 48.28 446.13 1.66 0.96 0.13 0.83 0.12 -57.52538 46.14146 -57.52539 46.14504
Campod
LC2A_CON16 29 55.8 340.43 1.37 1.81 0.58 1.92 0.82 -56.65879 45.53846 -56.66221 45.53608
LC2B_CON17 32 73.39 341.69 1.95 1.72 0.53 2.29 1.08 -56.65979 45.53925 -56.66370 45.53701
LC2C_CON18 36 70.33 342.82 1.39 1.61 0.52 1.95 0.87 -56.66184 45.54047 -56.66548 45.53813
LC5A_CON46 31 59.93 439.79 0.84 1.76 0.40 1.93 0.65 -57.52393 46.22137 -57.52665 46.21836
LC5B_CON47 31* 71.64 439.09 1.01 1.63 0.33 2.31 0.67 -57.52566 46.22215 -57.52842 46.21914
LC5C_CON48 28 58.21 440.50 1.22 141 0.30 2.08 0.56 -57.52809 46.22326 -57.53082 46.22028
LC6A_CON8O 26 73.28 319.09 0.56 1.64 0.30 2.82 0.83 -57.68201 46.69580 -57.68422 46.69888
LC6B_CON81 33 93.48 318.42 0.42 1.61 0.28 2.83 1.00 -57.67905 46.69616 -57.68142 46.69933
Not*e Met aedreet s swng for some i mages, mean and standard devi

at

o
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Tabl 2 Qdntinued)

Number  JER egn  Standard UER - Standara VRS SRS Stat St End  End
Transect of area Depth Deviation above dev_lat|on areaper area per Long|_tude Latltgde Longlltude Lautyde
Images of Depth altitude . ) (Decimal (Decimal (Decimal (Decimal
Analyzed a”a'{zed (m) (m) seafloor (m) |ma29e |ma2ge Degrees) Degrees) Degrees) Degrees)

(m?) (m) (m?) (m?)

LC7A_CON100 31 105.32 219.06 15.84 1.74 0.31 3.40 1.01 -58.04335 46.98517 -58.04728 46.98286
LC7B_CON101 27 75.83 216.48 15.09 1.51 0.31 2.81 0.98 -58.04514 46.98686 -58.04842 46.98413
LC7C_CON102 32 89.87 227.18 16.52 1.72 0.34 2.81 0.99 -58.05041 46.98499 -58.04681 46.98749
LC9A _CON98 30 69.28 421.43 1.95 1.56 0.26 2.31 0.74 -58.63610 46.86871 -58.63129 46.87015
LC9B_CON99 25 60.38 422.33 1.35 1.51 0.20 2.42 0.64 -58.63477 46.86764 -58.63001 46.86890
LC14A _CON34 33 72.02 353.81 0.95 1.78 0.38 2.18 0.71 -56.85527 45.73157 -56.85808 45.72862
LC14B_CON35 30 55.37 355.06 1.18 1.74 0.47 1.85 0.78 -56.85777 45.73252 -56.86049 45.72951
LC17A_CON49 29 61.16 467.47 0.82 1.61 0.32 2.11 0.84 -57.73437 46.28095 -57.73533 46.27748
LC18A CON31 32 73.16 406.02 0.97 1.61 0.42 2.29 0.79 -56.94063 45.60503 -56.94396 45.60232
LC18B_CON32 31 68.19 405.18 0.60 1.57 0.35 2.20 0.76 -56.94261 45.60623 -56.94576 45.60338
LC18C_CON33 30 62.48 404.54 0.57 1.56 0.29 2.08 0.52 -56.94450 45.60740 -56.94761 45.60451
LC20A_CON14 31 81.91 388.23 1.05 2.44 0.83 2.64 0.81 -56.68143 45.35706 -56.68485 45.35460
LC20B_CON15 27 71.87 388.18 1.30 2.21 0.89 2.66 0.75 -56.68826 45.35706 -56.68560 45.35966
LC24A_CON82 30 63.47 454.49 0.35 1.46 0.25 2.12 0.57 -57.92200 46.63570 -57.92454 46.63882
LC24B_CONS83 37 80.68 453.27 0.43 1.43 0.28 2.18 0.72 -57.91986 46.63652 -57.92238 46.63965
LC24C_CONB84 29 59.17 452.67 0.47 1.45 0.31 2.04 0.68 -57.91764 46.63742 -57.92009 46.64052
LC25A_CONG62 28 65.63 332.61 1.23 1.51 0.34 2.34 0.86 -57.63362 46.63062 -57.63701 46.62792
LC25B_CONG63 32 94.19 332.72 1.18 1.62 0.21 2.94 0.76 -57.63561 46.63201 -57.63893 46.62931




Tabl DeAtlai |l ed results for the Mantel correl
given for each distance class, and each cl
we used -20r7c6 innmanges. The R function mant el
secte break points and to cut off distance c
di stance24] aSpear m8nds R met hod was wused t
values with 999 permutations, and pe values
holm method. Dil2t Amde OcBAa®9O&spairs of i mag
anal ysi s.
Distance  Class Index Mantel value . (Eo\r/fgz'?es d
Class (m) (using spearman’s t using holm)
1 4709.47 0.33 0.001
2 14126.23 -0.01 0.079
3 23542.99 -0.03 0.003
4 32959.75 -0.06 0.004
5 42376.50 -0.11 0.005
6 51793.26 0.06 0.006
7 61210.02 -0.03 0.007
8 70626.78 -0.15 0.008
9 80043.53 0.17 0.009
10 89460.29 -0.01 0.014
11 98877.05 -0.13 0.011
12 108293.81 -0.01 0.012
13 117710.56 - -
14 127127.32 - -
15 136544.08 - -
16 145960.84 - -
17 155377.59 - -
18 164794.35 - -
19 174211.11 - -
20 183627.87 - -
21 193044.62 - -
22 202461.38 - -
23 211878.14 - -
24 221294.90 - -
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TabAldMor phospecireen afmemump idregaMé&n dMemn axas (2021) .

Taxa from Publication

2021 Taxa Renamed Comment
Gersemiasp. 1 Malacalcyonacea (O.) spy Precaution: may contain several gengith similar morphology
Pterastersp. 1 Asteroidea (C.) sp. 20 Precaution: may be another genus
Actiniaria (O.) sp. 23 Edwardsiasp. 1 Reidentified: has short and long rows of tentacles
Actiniaria (O.) spp. Anthozoa (C.) spp. Precaution: some individuals may be cerianthids rather than anemc
Actinoscyphiaspp. Actinauge cristata Reidentified

Precaution: small size and orientation can make it difficult to identif
Scleractinia (O.) spp.  Hexacorallia (SC.) spp.  with complete certainty, while soneeuld be small anemones, most a
high likely cup corals (undetermined genus).

A sea pen, possiblyuniculinasp. orVirgularia sp., but image quality
obscured view of polyps (small and colour similar to sediment).

Pennatulacea (O.) sp. 5 Pennatuloidea (SF.) sp. 5 Taxonomy changed

Unidentified sp. 216*  Pennatuloidea (SF.) sp. 9

Pennatulacea (O.) spp. Pennatuloidea (SF.) spp. Taxonomy changed

Cerianthidae (F.) spp. Cerianthidae (F.) sp. 1 Renamed
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TabAl@dRange of environment al
. Depth Oxygen Salinity Temperature Pockmark Ice scour Slope
Station m) (ML/L) (PSU) ° C) pH density density ©)
(#/km2) (#/km?2)
2 347357 3.1114.24 3535.01 6.226.42 7.9793 1.277.64 0i 0 0.092.94
3 445450 3.994.16 34.9935 5.946.04 7.927.94 0i 0 1.063.44 0.112.45
4 331I342 2.213.99 31.2935.02 6.5116.93 792793 1.2746.37 0i0.15 0.052.88
5 427441 3.833.99 34993499 578598 7.88793 0255 1.133.11 0.14228
13 430436 4.064.16 349935 5.926.08 7.927.95 0il1.27 0i2.43 0.132.86
14 340347 2.384.62 35.0135.02 6.526.64 7.97.93 0i 5.09 0i0 0.173.08
16 442449 3.964.07 35 35 6.0116.04 7.94/7.95 0i 0 2.794.02 0.164.97




TabAIGAIl Ixomaatombhi n(aprieosnesnt on >10% on any t
significant positive aultfabc b h e eesvabtl.of5n)u;si ng
di stance thr eshPool de ndseufraews!| tt hfartc Glaxs h f eatur e
nei agrh.b o

Global Distance
Station Taxa Moran threshold
Value
| (m)
2 Pennatulasp. 2 0.50 0.00 8.32
2 Pennatuloidea (SF.) sp.! 0.21 0.00 8.32
2 Hexacorallia (SC.)spp. 0.38 0.00 8.32
3 Pennatulasp. 2 0.24 0.00 11.51
4 Pennatulasp. 2 0.09 0.01 11.47
16 Anthozoa (C.spp. 0.08 0.02 12.17
16 Kophobelemnon spp. 0.07 0.04 12.17

NotGl obal llMosrsant haan§iwleakaedre patterns but st
* Not one dfaxdotnet 2@0n foeambi nati ons

TabAldSummarsy aadfi al corr ediogmiafmsg antn cg adii tnigv e
autocorrelationlomsitmg GIramaslecMod awvel for a
bins) and excluding significant positive a
Ald)Progressive Bonferroni a#jodi0Ostiascgnchkas
Spati al range i s thegi niestaeapiecrfiopiathagleawvlee

Gl oballiMorOanand there Iis the dabgseamcdeéeof spa
interpreted as patch size 1 f it is the fir
aut ocorfoed chdt tiionn a | r-setsautl itesn fooamhbiamkatni ons no

f ocalsettaXxXlah.l e A

Mean of - 5pa) Spatial

: : Distance Probability P
Station  Pair Taxon Moran Range

Class value
l (m)
(m)

13 CD Anthozoa (C.) spp. 34.92 0.11 0.01 8.43
16 EF Anthozoa (C.) spp. 24.84 0.19 0.01 8.83
16 EF Anthoptilumspp. 14.79 0.14 0.02 50.26
2 CD Pennatulasp. 2 15.25 0.10 0.01 16.43
EF Pennatulasp. 2 15.32 0.12 0.01 26.30

CD Pennatuloidea (SF.) sp. ' 15.25 -0.01 0.02 -
GH Pennatuloidea (SF.) sp. ' 15.09 -0.01 0.02 -
EF Pennatuloidea (SF.) sp.! 6.74 -0.02 0.03 -
CD Hexacorallia (SC.) spp. 24.93 0.14 0.01 155.05
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TabAl&B8Addi t iswrfatisa xsetnat i on cnoontb iinnactliuodnesd i n t
taxa (extenlsd).oSpadtrirtelbbd gr dA&ms performed sep:
t axsothat ombi nati on anSheowmanassetdf pantragmhi nat
wi shgnificant positive spatial autocorrela
presented iass@GeodbhakhMmmramabi IsusWh§adbe
Patch size, also known as spatxiialt eracregpd, fir
t hsepati al caucsrirngylcrd gpemaenlsayeP atNolh esi ze ~10 m,
interpreted as a patch that includces |1 mmed
extends farther.
Me an Pat
StatTra.n: Taxon DistaGIObPrOba|Siz
Pai Mor a val u
Cl ass ( m)
3 CD Actiniaria (O.) sp. 1 15.09 -0.01 0.02 -
3 GH Actiniaria (O.) sp. 1 6.90 -0.02 0.02 -
2 AB Anthozoa (C.) spp. 15.55 0.10 0.02 -
2 GH Anthozoa (C.) spp. 6.46 -0.02 0.02 -
4 AB Anthozoa (C.) spp. 25.24 0.14 0.01 -
4 GH Anthoptilumspp. 7.28 -0.01 0.02 -
5 CD Anthoptilumspp. 14.99 0.15 0.02 -
2 AB Asteroidea (C.) sp. 4 6.50 -0.02 0.02 -
3 CD Asteroidea (C.) sp. 4 15.09 -0.01 0.02 -
3 CD Asteroidea (C.) sp. 4 6.51 -0.01 0.04 -
13 AB Asteroidea (C.) sp. 4 6.97 -0.03 0.02 -
2 GH Asteroidea (C.) spp. 6.46 -0.03 0.03 -
4 GH Asteroidea (C.) spp. 7.28 -0.01 0.02 -
5 EF Asteroidea (C.) spp. 6.52 -0.03 0.02 -
16 GH Cerianthidae (F.) sp. 1 7.17 0.2 0.02 27.
16 GH Cerianthidae (F.) sp. 1 15.14 0.16 0.01 27.41
16 GH Cerianthidae (F.) sp. 1 25.11 0.22 0.01 27.41
16 AB Edwardsiasp. 1 7.13 -0.07 0.04 -
2 AB Flabellum alabastrum 15.55 -0.02 0.02 -
2 AB Kophobelemnon spp. 15.55 -0.01 0.02 -
5 EF Kophobelemnon spp. 24.84 0.26 0.01 -
5 AB Kophobelemnon spp. 6.43 -0.02 0.02 -
4 GH Ophiuroidea (C.) spp. 15.10 0.00 0.02 -
4 GH Pennatuloidea (SF.) sp. 7.28 -0.01 0.02 -
5 CD Pennatuloidea (SF.) sp. 14.99 -0.01 0.02 -
2 AB Protoptilumsp. 1 15.55 -0.01 0.02 -
2 CD Protoptilumsp. 1 6.80 -0.02 0.03 -
3 CD Protoptilumsp. 1 15.09 -0.01 0.02 -
4 CD Protoptilumsp. 1 7.40 -0.01 0.02 -
4 EF Protoptilumsp. 1 6.83 -0.02 0.02 -
3 EF Hexacorallia (SC.) spp. 6.93 -0.02 0.02 -
5 GH Hexacoral li 6. 23 0.0 0.03 10.
16 GH Hexacoral li 7.17 0.2 0.02 8.2
16 GH Hexacorallia (SC.) spp. 34.98 0.19 0.01 8.21
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