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Abstract

Curtis, JM.R., DuPreez, C., Davies, S.C., Pegg, J., Clarke, M.E., Fruh, E.L., Morgan,
K., Gauthier, S., Gatien, G. and Carolsfield, 2015. D12 Expedition to Cobb
SeamountSurvey methods, data collections and species observafiansTech.
Rep. Fish. AquatSci. 3124 xii + 145 p.

Cobb Seamount was discovered in 1950 and has been the site of biological, geological,
and oceanographic research, as well as several commercial fisheries. This report reviews
the history of Cobb Seamount and describes the metbgylahd data collected during a
scientific survey of Cobb Seamoud6{ 44\34njN, 130° 480njW) led jointly by

Fisheries and Oceans Canada (DFO) and the United States National Oceanographic and
Atmospheric Agency (NOAA) from 226 July 2012 (DFO Science Cruise Number PAC
201243). The survey objectives were to collect datdapcharacterize the benthic
community structure; (b) map the distribution of vulnerable marine ecosystem (VME)
indicators taxa (e.g. corals, sponges, and other streitiumeng species); and (c)

document any evidence of lost fishing gear and its obskriapacts. The survey

involved use of two remotely operated vehicles (ROVs) capable of diving tom 22

550m, respectively, and an autonomous underwater vehicle (AUV) capable of diving to
1400m. Additionally, oceanographic and hydroacoustic date&wselected to

characterize the physical and biological attributes of the pelagic zone above Cobb
Seamount, and the relative abundance and distribution of seabirds and marine mammals
along the cruise track were documentEldis report complements Du Presizal.(2015

which provides a photdocumented checklist of species observed at Cobb Seamount in
2012. Included here are descriptions of the survey design and imagery annotation, and
basic analyses of species, habitat, fishery, hydroacoustic, seabiirtk mammal, and
oceanographic data. Overa4benthic taxa were observed from 19 ROV and AUV
transects carried out from 3454 m in depth. Only five species of seabirds and one
species of marine mammal were observed at Cobb Seamount. The avifaunahdgmmu
was domi nat ed -petsels Hydrabatés deacorkotysd re only marine
mammal encountered over t hePhsceeaaesudalt was one
The taxa with the greatest densities on the Cobb Seamount plateaur(<2pH)

included Rosethorn Bckfish Sebastes helvomaculajuBuget Sound Rockfisis(
emphaeusPygmy Rockfish §. wilson), the cup coraDesmophyllum dianthushe
brachiopod_aqueus californianuscolonies ofStylasterspp. and annelids. At greater

depths on AUV trasects, squat lobsters (Family Chirostylidae), an unidentified sponge
(Demospongiae sp. 2, as described in Du Preez et al. 2015), the sea cu@anbychia

cf moseleyandPsolus squamatushornyheadsSebastolobuspp.), a bamboo coral
Lepidisissp., he antipatharian coraBathypathesp. and.illipathescf lillei, an

unknown antipatharian species (Antipatharia sp. 1, as described in Du Preez et al. 2015),
and the alcyonacean cokdg¢teropolypus ritteriSeventeen coral taxa observed ware
theNorthPaci fi ¢ Fi sher i eiglica®rs of potestaluleratdlesmarding st o f
ecosystemsMMESs). Sand, boulders and creviced rock habitats were more prevalent on
Cobb Seamount és plateau, but at greater dept
commony observed. Fishing gear was documented at 13 of the 19 (68%) sites and
included pieces of gilinet, trawl net, longlines, trap longlines, as well as anchors.

iX



Observable impacts included ghost fishing, putative discards, drag marks, and

entanglement in cole We observed a strong backscatter in the hydroacoustics data

|l i kely associated with rockfish assembl ages,
Various scattering layers were also observed near the surface (<50 m). Conductivity,

temperature and dep(@TD) profiles included measures of salinity, temperature, depth

and dissolved oxygen concentrations from 32 CTD cast locations. These data will

provide a basis for characterizing the seamo
biodiversity and the locatiorf potential VMES, and carrying out more detailed

ecological analyses.



RESUME

Curtis, J.M.R., DWPreez, C., Davies, S.C., Pegg, J., Clarke, M.E., Fruh, E.L., Morgan,
K., Gauthier, S., Gatien, G. et Carolsfield, \2015.Expédition au mont sous
marin Cdben 2012 méthodes de relevé, collecte des données, et observations
des especesRRapp. tech. can. sci. halieut. aquat. 3124 + 145 p.

Le mont sousnarin Cobb a été découvert en 1950 et a fait I'objet de recherches
biologiques, géologiques et océgnaphiques ainsi que de hombreuses péches
commerciales. Le présent rapport passe en revue l'historique du mentaau€db et
décrit la méthodologie et les données recueillies dans le cadre d'un relevé scientifique du
mont sougmarin Cobb (4624 42N} Myj 130°4 80N§p) mené conjointement par Péches et
Océans Canada (MPO) et la National Oceanic and Atmospheric Adminis{ie@a@A)

des EtatdJnis du 21 au 2fuillet 2012 (croisiére des Sciences du MP®AC 2012

43). Le relevé visait a recueillir des données p@)rcaractériser la structure de la
communauté benthique; b) cartographier la répartition des taxons indickeurs
I'écosysteme marin vulnérable (EMV) @x., coraux, éponges, et autres especes
structurantes); c) rassembler des indices matériels de la présence d'engins de péche
perdus et de leurs impacts observables. Dans le cadre du relevé, on a utilisé deux
véhicules sousnarins téléguidés (ROV) capables de plonger a des profondeurs de 220
et a 550m respectivement, ainsi qu'un véhicule smasin autonome (VSA) pouvant
plonger a une profondeur 1460 De plus, des données océanographiques et
hydroacoustiquesr été recueillies pour caractériser les paramétres physiques et
biologiques de la zone pélagiquedassus du mont sowsarin Cobb, et I'abondance
relative et la répartition des oiseaux de mer et des mammiféeres marins le long de
l'itinéraire du navire deecherche ont été documentées. Le présent rapport complete le
document de D®reez et al2015), qui fournit une liste avec photographies des espéces
observées au mont semsrin Cobb en 2012. Il comprend une description de la
conception du relevé et dasnotations des images, ainsi qu'une analyse de base des
données sur les espéces, I'habitat, la péche, I'hydroacoustique, les oiseaux de mer, les
mammiféres marins et I'océanographie. Un totdl4#taxons benthiques ont été
observés lors de lttansectpar ROV et VSA a des profondeurs allant de 341&4m.
Seules cing espéces d'oiseaux de mer et une espéce de mammifere marin ont été
observées au mont semsrin Cobb. La communauté avifaune était dominée par
l'océanite cublanc Hydrobates leucorhogsLe seul mammifere marin rencontré pres

du mont sousnarin était un marsouin de DaRlfocoenoides dalli Les taxons affichant

la plus grande densité sur le plateau du mont-starin Cobb ({225m) comprenaient le
sébaste rosac&¢bastes helvomaculajuke sébaste parade8.(emphaeysle sébaste
pygmée §. wilson), le madréporair®esmophyllum dianthuge brachiopodéaqueus
californianus des colonies d8tylastersp. et des annélides. Lors de transects du VSA a
de plus grandes profondeurs, onuagbserver des galatées (famille des Chirostylidae),
une éponge non identifieBémospongiasp.2, selon la description de Rreezet

al. 2015), des holothurig8annychiamoseleyet Psolus squamatusies sébastolobes
(Sebastolobusp.), des coraux bambsLepidisissp., des coraux antipathaires
Bathypathesp. etLillipatheslillei, une espece inconnue d'antipathaire (Antipatharia
sp.1, selon la description de RRreezet al.2015), et du corail alcyonaitéeteropolypus
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ritteri. Dix-sept taxons de corawbservés figurent sur la liste des indicateurs d'EMV
potentiels de la Commission des péches du Pacifique Nord. Les habitats de sable, de
blocs et de crevasses rocheuses prédominaient sur le plateau du momasio@obb,

mais, a de plus grandes profends (>435m), il y avait surtout des crevasses rocheuses.

On a observé des engins de péche a 13 dsiteEY68%); il s'agissait notamment

d'ancres et de morceaux de filets maillant, de filets de fond, de palangres et de casiers.
Les impacts observaldeomprenaient la péche fantdme, des rejets présumés, des
marques de dragage et des enchevétrements parmi les coraux. Nous avons observé une
forte rétrodiffusion dans les données acoustiques, vraisemblablement associée aux
assemblages de sébastes, supioeg du sommet du mont semsrin. Diverses couches

de diffusion ont également été observées pres de la surf&ban(<Les profils de

conductivité, de température et de profondeur (CTP) comprenaient des mesures de la
salinité, de la température, del@agrondeur et des concentrations
32 emplacements. Ces données serviront a caractériser la structure des communautés du
mont sougmarin, a cartographier la biodiversité et 'emplacement des EMV potentiels, et

a réaliser d'autres analgsécologiques détaillées.
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|l ntroducti on

Seamounts support populations of isolated coldwater corals, sponges and other structural
or functional components of vulnerable marine ecosystems (VMES). Many seamounts are
also fished commercially, which poses ragament challenges for ensuring the long
term persistence and integrity of VMEs. The
Scientific Working Group is in the process of identifyMiIEs on seamounts in the

North Pacific Ocean. As a signatory to tbenventon on the Conservation and

Management of High Seas Fisheries Resources in the North Pacific, Cegaala is in

the process of identifying the location of potential VMESs in international waters that are
fished by Canadian vessels, and assessing potengiatts of fishing activities on those
VMEs. Among the seamounts off the west coast of British Colu(i@a, Cobb

Seamount is subject to a Canadian commercial fishery for Sabl&hsplopoma

fimbria). In July 2012, Fisheries and Oceans Canada (DFO)dlathorators from

National Oceanic and Atmospheric Administration (NOAA) Fisheries, University of
Victoria (UVic), Memorial Universityof Newfoundland (MUN) Simon Fraser

University (SFU)and Environment Canaq&C) undertook a survey of benthic

communities on Cobb Seamount using video and still cameras mounteanartely

operated vehicles (ROVs) and an autonomous underwater vehicle (Ab& survey

aimed to identify the species and occurrences of coldwater corals and spofiges,

data tocharacterizehe benthic community structure and habitat, and document any
evidence ofishing gear or relatetinpacts.Here, we provide descriptions of the survey
design, imagery analysis, bentsjgecies assemblagédshery interactions, analyses of
hydroacousticseabird and marine mammal surveys, and a summary of oceanographic
data. Aphotodocumented species inventory list is included in a companion repbi by
Preez et al. (2015).

Cobb seamount is locatedl46° 44\34njN, 130° 480njW (Figurel), approximately 500

km west of Grayo6s Harbour, Washington outsid
zones (Birkeland 1971). The seamount was discovered by the crew aboasktrelr

vessellohn N. Coblin 1950 and has been the site of biological, geological, and

oceanographic research, as well as several commercial fis{izoieglas 2011)Cobb

Seamount stands out among approximately 100 seamounts in the northeast Pacific Ocean

as an unusui@nd biologically significant feature because it exteinoi the abyssal

plain at almost 3000 m depthweell into the photic zone and supports productive,

diverse and unusual communities of organisms (Birkeland 1971; Dower et al. 1992;

Parker and Tunniiffe 1994).

Geology

Cobb Seamouns a 27 million year old symmetrical and terraced guyot with a centrally
located pinnacle (Budinger 1967) that rises from a base of 2743 m to within 24 m of the
surface (Parker and Tunnicliffe 1994), with an area of@pmately 824 krh (Budinger
1967)(Figure2). The seamount flanks averag€ ii2slope, and are marked by four
terraces (Budinger 196anda summit that is characterized by a stewled flattopped
plateau (Chatpr et al. 2007).
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Figure 1. Location of Cobb Seamountoff the west coast of North America.
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Figure 2. Bathymetric map of Cobb Seamount.

The seamount is part of the Cebirkleberg seamount chain wfhderwater volcanoes in
the northeast Pacific Ocean, and its waueterraces and cobble and sand beaches
suggest it was once above sea level (Chaytor et al. 2007). The first terrace varies from 82
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91 m and is notable for an abundance of shells and Baglnents and wellvorn basalt
pebbles and cobbléBudinger 1967)Shells were identified as those of pelecypods,
gastropods, brachiopods and polygtka, but in particular, Budinger (1967) noted an
abundance of intertidal mussel shells similar in apmearéoMytilus californicus From

the shallowest terrace 4l@&pes rise to a flat, fissured top which is approximately 200 m
x 400 m (Budinger 1967) and composed of smooth basalt concavities. The second terrace
is less prominent at approximately 146 Budinger 1967). Wave rippldsve been
observed down to 150 m (Farrow and Durant5)98he third terrace varies from 155

238 m, with a slope that increases t@R&ow. Samplesollected byBudinger(1967)

from the third terrace included subangular tdlweunded pebbles and cobbles and
hydrocoral fragments. The photic zone lies above the third terrace to a depth of 180 m
(Farrow and Durant 133 as inferred by the disappearancé.ibfiothamniunmspp at 185

m (Farrow and Durant 188 The fourth terraceanges from 823189 m (Budinger

1967).

Oceanography

Seamounts are characterized by dynamic oceanographic conditions, inthediiged

high energycurrents and eddies. Strong eddies can become trapped over seamounts,
potentially leading to larval retéon (Huppert and Bryan 1976; Cheney 1988 cited in
Douglas 2011)Oceanographic studies in the vicinity of Cobb Seamount began in 1952
(Douglas 2011). The North Pacific Current flows predominantly eastward at
approximately 10 cm/sgtlickey 1989.as dated by Parker and Tunnicliffe 1994). Surface
drifters released near Cobb Seamount moved from NW to SE linearly (Dower et al.
1992), but water in the area is also characterizedabgesistent clockwise (i.e.
downwelling) eddy, consistent with a stragdi Taylor condDower and Perry 2001, but
see Freeland 1994and Freeland (1994) reped clear evidence of recirculation around
Cobb Seamount. In addition to currents, Cobb Seamount is subject to diurnal and
semidiurnal tideslL@rsen and Irish 1975

Plankton comnunity

Recirculating flows may act to entrap or concentrate primary productivity and
ichthyofauna above seamounts (Dower et al. 198#re is a subtle effect of Cobb
Seamount on plankton communities compared to surrounding (i.e. background) areas in
the rortheast Pacific Ocean (Dower et al. 199BneNgando et al. 1992Dower 1994;
Comeau et al. 1995; Dower and Mackas 1996). Primary production above Cobb
Seamount was patchy but production rates were as much as 10 times greater than
background levels (Corae et al. 1995). This is consistent with observations of Dower et
al. (1992) who repeatedly observed regions of high chlorophyll concentratiéria(2s
above background levels) with persistence times of at least one month over the seamount
from 1990192. Similarly, SimeNgando et al. (1992) observed greater biomass and
smallscale patchiness of ciliates on Cobb Seamount. In contrast, zooplankton biomass
within 5 km of the summit was almost 30% lower than background levels (Dower 1994)
and mesoplanktoroenmunity composition differed on and off the seamount, with an
effect on community composition detected as far as 30 km away from the pinnacle
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(Dower 1994). Mesoplankton community composition was weakly correlated with
environmental variables, including tea temperature at a depth of 50 m (Dower and
Mackas 1996). Hypotheses to explain differences in mesoplankton abundance and
community composition included differential predation pressure on and off the seamount
(Dower and Mackas 1996).

Cobb Seamount wadso associated withgreater abundance of juvenile rockfishes,

which dominatedheichthyoplankton up to 30 km frothe pinnacle but were rarely
captured in samples collected greater than 30 km away (Dower and Perry 2001). These
observations are consistewnith a high abundance of adult rockfishes on Cobb Seamount
(Parker and Tunnicliffe 1994) and the hypothesis that these rockfish populations-are self
recruiting to the seamount. Se#fcruitment would be facilitated in part by oceanographic
features thapartially recirculate water around Cobb SeamoEne€land 294) and

larval behaviour.

Benthic community

A series of expeditions to collect biological samples and visual observations with
submersible vehicles or SCUBA divedesg. Birkeland 1971, Farrow and Durd®85

Parker and Tunnicliffe 1994jave formed the basis for developing an inventory of

species on Cobb Seamount and documenting patterns in community structure at different
depths.

Investigations ofish communities on Cobb Seamount began in 1950 with longline gear
deployed from th&V John N Cobband the capture of several species of rockfish
(Sebastespp) and Pacific Hlibut Hippoglossus stenolepigDouglas 2011). Large
catches oBlack Rockfish (Sebastes melangpsere reported bZhikuni (1971)and
rockfishcatches in 1978 and 19¥&re dominated by Roughey®¢ékfish S.
aleutianu$, but alsoShortrakerRockfish S. boreali$, RedstripeRockfish S. prorige),
HarlequinRockfish S. variegatus Rosethorn Bckfish S.helvomaculatus Black
Rockfish S. melanops Pacific Ocean &ch 8. alutuy and Yelloweye Rckfish S.
ruberrimug. Widow Rockfish S.entomelagandSablefish Anopoploma fimbriawere
landed in US fisheries from 1991 to 20@®uglas 2011). Other species captured
incidentally duing that time period included: Rosygkfish S. rosaceus Shortbelly
Rockfish S. jordan), Blue Rockfish &. mystinus Yellowtail Rockfish S. flavidu3,
Bocaccio §. paucispinis Dover ®le (Microstomus pacificysRex Sle
(Glyptocephalus zachirlisRock Sle (Lepidopsetta bilineafa Blue Shark Prionace
glaucg, Pelagic Amourhead Rseudopentaceros richardspniPacific Mackerel
(Scomber japonicasSkilfish (Erilepis zonifej, Salmon 8ark (Lamna ditropis,
Longnose Bate Raja binoculat and Brown Cat Bark Apristurus brunneyg(Douglas
2011).

Submersible and SCUBA dives from 1965 to 1983 surrounding the pinnaeld (3%5)
revealed communities dominated by echinoa&tgrusting calline algae, turf algae
(primarily Desmarestia viridiy giant rock scallopgdrassadoma gigant@aolonized by
strawberry anemone€¢@rynactis californic, sponges, tunicates and bryozoans,
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aggregations of sea urchindésocentrotus franciscanuand rockfiskes (Birkeland
1971;Schwartz and Lingbloom 197Barrow and Durant985; Parker and Tunnicliffe
1994). In particular, Parker and Tunnicliffe (1994) ndteat pelagic juvenile rockfish
formed large schools in the 1980s and unusual abundances of larfelirbekve been
captured in zooplankton tows (Dower and Perry 2001). The gently sloping terrace from
125300 m was dominated by echinoderms including crindittr@metra serratissimg
brachiopods, and ophiuroids inhabited calcareous sediment and roakpputgs, and

the seastarBycnopodia helianthoideendCrossaster papposwgere noted as common
predators (Farrow and Durant B®arker and Tunnicliffe 1994). Farrow and Durant
(1985) described small coral bioherms at 300 m, and the presence of hydirogaoids,
ophiuroids, and gorgonians from 5800 m. The assemblages observed in less than 180
m depth on Cobb Seamount appeared to be dominated by spehitswée that spend
less than twaveeks in the water column. This observation suggests ¢eanographic
processes around the seamount may influence colonization and recruitment dynamics
(Parker and Tunnicliffe 1994). This conclusion is consistent with studies that suggest
water is recirculated around Cobb Seamount but turns over every 17 dayer (& al.
1992;Freeland 294); species with larvae that spend longer times in the water column
may be more likely to drift off the seamount than those with shorter larval periods
(Birkeland 1971; Parker and Tunnicliffe 1994). Birkeland (1971) also gexpo

numerous hypotheses to explaistable differences between the benthic community of
Cobb Seamount and those of adjacent coastal areas, indidipgucity of macroalgal
species diversity, unusual abundanc€rdssadoma giganteamall sizes oMetridium
senile presence of typically warm water species (Earynactis californickand deeper
depth ranges of many species (&gptasterias hexactis

Seabirdassemblage

There is little published information on the assemblages of vertebrate spatiesa

surface and neaurface waters around Cobb Seamount, although anecdotal observations
and data from surveys undertaken in the vicinity may exist in unpublished form.
Available literature on seabird assemblages associated with seamounts provides use
context for developing predictions on patterns of distribution andddnce around

Cobb Seamount.

The environment in which most seabirds forage is heterogeneous, and their prey is most
often patchilydistributed (e.g. Ashmole 197%/eimerskirch 19972007). The stochastic
nature of prey availability within that environment has been suggested as one of the
primary factors shaping seabird life history strategies (Lack 1968). The distribution of
oceanic prey depends primarily upon physical processesgahaspatially and

temporally (Huntet al. 1999; Ainley et aR005). Large frontal zones may support
concentrations of prey patches, and the locations of the frontal zones may be predictable
over prolongegberiods of time (Schneider 1998feimerskirchet al 2005). For

example, Ballancet al.(2006) wrote that there are many distinct ma¢i©00-3000

km), and mesacale (1001000 km; after Haury 1978) features thati@raelatively



permanent and predictalille and fincl majeor s theldoundagescurrent s,
between them, larger gyres and eddies and surface waters downstream of islands .

At-sea surveys have shown that seabird densities respond to increased indices of prey
abundance at macrand mesescales (. Fauchald and Erikstad 200%nley et al.

2005; Bost et al. 2008). However, at coafdel00 km) ad fine- (< 1 km) scales, the
predictability of prey patches is much lower (Hunt and Schneider 1987); and the link
between prey abundance and seabirds may badhwsive or contradiory (e.g.

Logerwell and Hargreaves 1996n Franeckeet al.2002).

Rogerset al.(2007) noted thafiSeamounts act as biological hotspots and often attract a

high abundance and diversity of large predators such as sharks, tuna, billfish, turtles,

seairds and marine mammal®.;  a n dRoger$ (2994) sudigests two main

explanations why seamounts host such diverse benthic and pelagic

communities....increased productivity resulting from upwelling of nutriehtdeep

seawater around seamounts... tloe trapping of layers of diurnally migrating

zooplankton, advected over seamount summits atnight Al t hough t here is
enhanced productivity at some seamounts, it is not a consistent feature and a wide range

of spatial and temporal variabiligxists (Whiteet al.2007).

A number of authors have reported that seabirds aggragséamounts (e.g. Blaber

1986; Bourne 199X aney et al. 1995; Yen et &004); however, few studies have been
able to show the causal relationships between seadnd seamount3tiompson 2007).
Variation between seamounts in seabird prey composition, abundance and availability, is
undoubtedly related to differencesseamount locations, topographies, summit depths

and how the seamounts interact with physicatgsses (e.g., flows, currents and tides).
Compounding the differences is the fact that the physical processes occurring over
individual seamounts operate at different tisoales (from daily to inteainnually,

Thompson 2007); and as such, the prey digtioln, abundance and availabiland the
predator community fluctuates accordingly.

Not all seamounts are of equal importance to seabiidsatoet al.(2008) examined the
influence of seamounts on the abawaeance of f
Calonectris borealisyellow-legged gullLarus michahelliscommon terrsterna hirundo

and roseate ter@terna dougallji and several dolphin and fishespes. The authors

found that whil e some ma rshortbeakegdioembat or s ( Cor vy
dolphinDelphinus delphisSkipjack Tun&atsuwonus pelamasnd Bigeye Tuna

Thunnus obesisvere significantly more abundant in the vicinity of the summits of some
shallowwater seamountsther species examined did not deistoste any association

with seamounts. Moratet al.(2008) suggested that while some may act as feeding

stations, only those seamounts shallower than 400 m in depth appeared to have an

aggregative effect.

Haneyet al.(1995) studying the seabird community associated with socedn
seamount in the eastern North Pacific (Fieberling Guyot, minimum depth 438 m below
the surface), noted thattbea way s eamount ¢&8@akmifrondthec o mmuni t y o



seamount) was do mi-petrdlsdydroblatydeucoesus, Whreas,she o r m
Onear seamount (s &k iromdhe sea@amount) consistgddrimarily of
members of the order Procellariiformes (predomindnitigk-footed albatrosses
Phoebastrianigripes. The authors reported that total bird density near the seamount was
> 2.4 times greater than the away seamount total bird density. ldaaky1995)

speculated on possible mechanisms that would attract seabirds to the guyot but they were
unable to iéntify a plausible explanation

Fisheries

Commercial fishing activitieen Cobb Seamount began in the 1970s with Japanese fleets
using stern trawlers, bottom longline, and gillnet d&dakahashi and Sasaki 1997;

Douglas 2011)Japanese stern trawlers fished Cobb Seamount in 1978 and 1979 and
captured 396 metric tons of rockfet{Sebastespp.), predominantliRougheye
Rockfish(Sebastes aleutianuslapaneséshersreturned from 1985 to 1989 to fish with
bottom longline and gilinet gear, as well as heduty tire trawl gear (Sasaki, pers

comm.as cited in Douglas 2011). Total removals in the 1970s and 1980s included almost
1000 mt of goundfish (88% red rockfish 98 Sablefish, 9% otheprimarily Jack

Mackere] Trachurus symmetriciis

Douglas (2011) reviewed fishing activities undertaken byJhieed States (US)n Cobb
Seamountin the 1980s and a large fishable widow rockfish population was discovered

by the USand fished until 2003. From 199496, fishery landings were lower because
schools were difficult to find and catches were-aviume; trawl vessels used micater

gear exclusively (the bottom was too rugged for trawl nets). During that time, bottom
longline and fish pot gear were alssed at Cobb Seamount to targabfish. From
19912003 5739 mt of fish caught at Cobb Seamount waneled; the vast majority

were Widow Rckfish captured by trawl nets. US fisheries on Cobb Seamount ceased
because of amerns about the sustainability of Wedow Rockfish fishery.The US

National Marine Fisheries Service stopped issuing high seas permits for net gear types in
2004.Evidence of overfishing was based on changes in the size structure and abundance
of catch,and reductions in the size at maturity (Douglas 2011).

Canada also conducted exploratory longline and bottom trawl fisheries at Cobb Seamount
in 1980. From 1983 to the presgihiere have been sporadic trips to the seamannit,

the majority of theseifrs have fished Sablefish by traphe Sablefish seamount fishery

is managed separately from the coastal Sablefish fishery and includes all seamounts off

the British Columbia coast. The seamount fi s
management aas; with one vessel per month from 1 April to 30 September permitted to
participate in the 06Southd management area (

determine which vessel can patrticipate in the seamount fishery. Fishers that are permitted
tofishinhe &6Sout hd management area and wish to f
Exclusive Economic Zone must apply for a Section 68 Licence to fish in international

waters (DFO 2014). There is a monthly vessel limit for Sablefish of 75000 Ibs (34 mt)

(DFO 2014).



Other countrieshan those mentioned aboave likely fished Cobb Seamoubut no
data ae available.

Vulnerable Marine Ecosystems (VMES)

TheNorth Pacific Fisheries Commissi¢NPFC) is anew Regional Fisheries
Management Organization (RFM@at will manage fishing activities in the North
Pacific Ocean according to t@®mnvention on the Conservation and Management of High
Seas Fisheries Resources in the North Pacific Odelne N FS&ebt§id@Working
Group (SWG)was formedo provide sciencéasedadvice needed to implement the
Convention. Key priorities for the SWG include the identification of VMEs and the
development of encounter protocols to limit fiskiedated impacts to VMEs.
International guidelines for management of deepwater fishertbg imigh seas define a
VME as one likely to show a substantial negative respondistirbance (FAO
2008).VMEs include those dominated by ldhgd and fragile taxa, includinguib not
limited to, coldwatercorals and sponges. Thissheries and Oceansafada DFO) and
the National Oceanic and Atmospheric Administratid®AA) undertook a joint survey
of VME components on Cobb Seaunt, where the Canadiaal8efish fishery has the
potential to impact coral and sponge dominated commungies&h as othetypes of
VMEs.

Objectives

The research objectives for the 2012 Cobb Seamount survey included:

surveying benthic communities to depths of approximately 1300

identifying the locatiorof vulnerable marine ecosystem (VME) indicator species
surveying gabird and marine mammal communities;

surveying pelagic communities;

collecting oceanographic data including temperature, salinity and oxygen;

and documenting observations of fishing gear and impacts to benthic
communities.

ok wNRE

In order to achieve thesdbjectives, we collected video and still images from 19 sites
using two remoty operated vehicles (ROVs) and an autonomous underwater vehicle
(AUV). The two ROVs were similar models with different depth capacities, while the
AUV was capable of completimdeeper dives. The occurrences of seabirds and marine
mammals were documented through visual surveys. Hydroacoustic and oceanographic
data were also collected to characterize the biological and physical attributes of the
pelagic zone above Cobb Seamounthia report, we provide a detailed description of

our sampling design and image analyses, summary statistics on the benthic community
structure, habitat types, the distribution of corals and sponges, and the location and type
of fishing gear and relatethpacts observed during surveys. We also compile lists of
observed species in demersal and surface waters, and a summary of environmental data
collected on the seamount (e.g. temperature, salinity, oxygen, hydroacoustic). More
detailed characterization oébthic community structure will follow additional



guantitative analysis of video and photographs. Data are awailpbh request from the
authors

Met hods

Details fromthe Science Cruise Number PAC 2042 led jointly byFisheries and
Oceans Canada (DF@nd the Unigd States National Ocearsind Atmospheric Agency
(NOAA) are available in the cruise pfaand cruise repott The survey was carried out
aboard th&CCGS John P. Tullwhich sailed from the Institute of Ocean Sciences (I0S)
in Sidney,BC on 19July 2012, was stationed at Cobb Seamount frofa@July 2012,
and returned to Port HardgC on 28 July 2012. Science crew included researchers from
eight institutions, including the Pacific Biological Stati@FQO), The Nathwest

Fisheries Science Camt(NOAA), The Saithwest Fisheries Science Center (NOAA)
The Pacificlslands Fisheries Science Center (NOAKEmorial Universityof
Newfoundland, Simon Fraser University, University of Victoria, and Environment
Canada (Appendix 1).

The Canada Coast Guiecrew on theCCGS John P. Tullfrom 1728 July 2012 were

led by Captain Joanne McNish; they managed all operations aboard the ship and assisted
with hydro-acoustic surveys, remotely operated vehicle (ROV), autonomous underwater
vehicle (AUV), and conduuwvity/temperature/depth (CTD) probe deployment, as well as
ROV operations and underwater navigation.

Of the 11 days allocated for the cruise, six were spent on Cobb Seamount collecting data
and two and a half were spentmute to and from the seamoumests with ROV and

AUV submersibles were carried out in Patricia Bay, BC on 18 and 19 July 2012 to
practice and optimize communications and operations during deployment, underwater
navigation and data collection and retrieval. During the six days oorsttCobb

Seamount, the science crew undertook 18 ROV dives and five AUV dives primarily
during daylight hours. Hydracoustic surveys and CTD data were carried out
opportunistically during daylight hours and routinely at night.

Sea and weather conditis were generally favourable for surveys with ROV, AUV,
hydro-acoustic and CTD equipment, but less so for observing seabirds, marine mammals
and other animals at the watero6s -8Burf ace
knots on Cobb Seamount (meaSBE = 16.8 + 14.4). Weatheonditions were

dominated by slight or moderate precipitateord fog patches

Surveys of benthic communities

Our sampling design was influenced in part by the types of submersibles ay#iaple
differed interms ofdepth capbilities, equipment for data collection, and navigational

! https://public.waterproperties.ca/cruiseplanview.php?cruiseid=2(812
2 hitps://public.waterproperties.ca/cruisereportview.php?cruiseid=2312
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considerations. We begin with a description of the submersible vehicles folloveen by
sampling design

Submersible setup and deployment

Submersible work was carried out using three submengghlieles which differed in

depth range and photographic capabilities. R@Vsoperated by DFO and SFU were
tethered and, at the time of the survey, were capable of diving to depths of approximately
220 m and 550 m, respectively. The NOAperated SeaBEDlass AUV was

programmad to dive to a depth df300 mand was equipped to collect digital still
photographs.

Each of the three vehicles was equipped with different camera types. Depending on the
nature and quality of images and the question of interatt,ah particular habitat types

or taxonomic groups obtained with the three vehicles may not be directly comparable. In
this report, we summarize observations at the scale of transects and discuss general
patterns in species diversity, distribution andratance across transects when

appropriate.

Phantom ROVs

The ROV operated by DF@igure3) was a customized Deep Ocean Engineering

Phantom HD2+Zfrom here onward referred to as the DFO ROMjis vehicle is rated

to 300 m depth, bututting the cruise, its umbilical cofnited dive depth to amaximum

of 220 m.In addition to the stock standard definition (SD) video camiehad one 8

megapixel Cyclops digitadtill camera (EMap Systems, Incwith a separatelydused

flash and one high definition (HDYlini Zeusvideo camera (1080insite Racific Inc).

The still camera and the HD video camera were on a tilt mechanism on a frame extension
at the front of thé®®FO ROV and tilted together and pointed in approxirtyatiee same
direction.Each was fitted with parallel lasers to aid in sizing organisms for identification.
The HD video camera had two green lasers attached to the camera housing that provided
a 10 cm reference scdierizontally across the field of viewrQV). Two underwater red

lasers located within the still camera housing were set up to provide a 10 cm reference
scale in the centre of each imagatically across the FOMvhile a third red laser

provided an indication of distance from the substrate(iwate distances greater or less
than approximately 1 m). The SD video camera was mounted on the stock tilt mechanism
and provided additional field of view while navigating hEO ROV underwater. The

two tilt mechanisms were able to tilt independentlg avere both capable of pointing

from slightly backward of straight down to well above horizontal forward. Camera angles
were generally adjusted to give the best view of the bottom, often obliquely forward
(around 4%up from straight down). At this angleperators were able to more easily

detect and avoid obstacles while navigatingDRk® ROV along the transect path.
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Figure 3. Remotely operated vehicle (ROV) operated bffisheries and Oceans Canadéhoto
courtesy of JonathanMatrtin).

Video from the HD and stock SD cameras was recorded continuously throughout the
dive, from the time of deployment to retrieval. The Cyclops digitatcdithera was
configured to take still photos every 15 seconds whildff@® ROV was on the sdloor.
Manual photographs were also taken to phiioument organisms or other features of
interest. Some voucher specimens were collected veitmplerotatablemanipulatorand
collection bag.

The ROV operated by SFEFigured) (from here onward referred to as the SFU ROV)
was also &ustomized Deep Ocean Engineering Phantom HDPRi8 vehicle is rated to
600 m depth, butwting the cruise, its umbilical cotoited dive depth t@ maximumof
550 m. The stockD video camera had two lasers to provide a 10 cm reference scale,
however, these were not used during transhetsto technical difficultiesThe SFU

ROV was not equipped with a digital still camerahe means to collect samples.
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Figure 4. Remotely operated vehicle (ROV) operated by Simon Fraser University (Photo courtesy of
Barbara de Moura Neves).

During dives the ROVwere pilotechearthe seafloor (0.5 to 1.5 above)at a speed of

approximately 0.10 025 m/s (0.2 ta0.5knotg. The umbilical cord of each ROV was

attached to and deployed witl248 kg @80 Ib clump weight mounted on a separate

steel hydrographic cable. The ROVs free tether wa3®@, while the remainder of its

umbilical cord was twinned with theestl cable supporting the clump weight. This
configuration improved the pilotds navigatio
reducing the effects of drag caused by current acting on the umbilical cable between the

surface and the working depth.

Hypack hylrographic software (Hypack, Inc.) and the ORE Trackpoint 3 (ORE Offshore)
acoustic tracking system were used to navigate the ROVs during dives and record
position informationOn the HD video, the data, time (GMT), depth, and cruise number
were recordedsaan overlay using a combination of hardware (Sensoray 2246) and
custom software (Cmap Systems, Inc.). On the SD video, the date, time (GMT), depth
and magnetic compass heading (as well as umbilical turns) were recorded as an overlay
using the DOE overlaylhe time of all computers and video overlays was synchronized

to GMT using a GPS. For still photographs, the camera was also synchronized to GMT
time so that time recorded in the EXIF metadata could later be used to geotag the photos
using the tracking da.

NOAA AUV

The NOAA SeaBED AUMFigure5) was designed by engineers at Woods Hole
Oceanographic Institution and operated by the NOWAKFSCand PIFSC. The AUV
was a multihull, hovercapable vehicle that obtainddta close to the seafloor while
maintaining precise altitude and navigation cont@arke et al. 2010) Survey imagery
was collected usingestteo still5 megapixel, 1bit dynamic range Prosilica GigE
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cameras mounted perpendiclygidownwardfacing) and from a forwardngledl1
megapixel Prosilica CCbamera on the AUV (only used to aid in identification). The
three still cameras (pointing doward and obliquely to the seafloor) were configured to
produce orthogonal images of the seafloor. During surveiegAUV was programmed

to maintain a height of approximately 3 m above the seafloor and was programmed to
take a photograph every 10 sedsnCameras were synchronized with a camera stoobe
light the imagesDuring this survey, the SeaBED AUV dove to a maximum depth of
1,154m. The SeaBED AUVG6s altitude control all
consistent altitude off the seafloor. Timeasured altitude off the bottom and specified
camera field of view allowed the area captured in each photo to be easily determined
(Clarke et. al. 2010)The AUV was not equipped with lasers or the means to collect
samples

Figure 5. The National Oceanic and Atmospheric Administratiorls autonomous underwater vehicle
(AUV) (Photo courtesy of Jonathan Martin).

The AUV was equipped with two navigational sensors: the RDI 1200 kHz Doppler
Velocity Log as the primary navigatiorsgénsor and the iXSea OCTANS gyrocompass
and inertial motion sensor. The AUV was tracked using a Link Quest TrackLink 1500
USBL navigation system. Subsurface communication was provided by the WHOI
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256008 acoustic micromodem and surface communication Uses@Wave FGR.15

RCRF radio modem. Depth was determined using a Paroscientific depth sensor. Salinity,
temperature, and pressure were collected using-8ig@aodel 49 FastCat CTD
mountedonthe AUVT he SeaBED AUVGO6s posiahultashortwas est i r
base line SBL) rangeand bearing measurement in relation to the ship, the coordinates

of the vehicle position in relation to its dive origin, and tiRS@&oordinates of the dive

launch point. For additional AUV information see Claeteal.(2010.

Sampling design

Through our sampling desigwe aimed to characterize the benthic community structure

of Cobb Seamount at different depths and aspects, assess changes in community structure
over time, and investigate features of the seamount that sugport unique or diverse
communities. The depth capabilities of the three submersibles allowed us to stratify their
use according to three depth zorlasBC, the Sablefish trap fishery extends from
approximately 180 to 1300 m; although approximatelgetquarters of the fishing effort
occurs between 460 and 825 Ha(st 2003. On Cobb Seamount, fishing gear deployed

from 19961 2010 was set between 102 m and 1591 m. However, 90% of gear sets
occurred between 366 and 1088 m, andwallt hi n t Ipth radge. Vhus, wad e
prioritized AUV transects in this deeper zone and deployed the ROVs in the shallower
zones. The two shallower depth zones were defined based on the depth range capabilities
of the ROVs. The shallowest zone ranged to a depth of 220 ihe, ttvb intermediate

depth zone ranged from 220 m to 550 m.

Lack of information on the distribution of habitat type made it difficult to stratify
sampling by variables other than depth and aspect. Prior to the survey, we obtained
available data on the theymetry (provided by NOAA), historical Canadian fishing effort,
location of previous underwater visual surveys, and species lists to inform decisions on
sampling design. The locations of previous underwater visual surveys carried out in the
early 1980s wee also plottedKigure6) and used to select one of the ROV haphazard
dive sites. Information on the species previously observed on Cobb Seamount was
collated from a number of smes including Birkeland (197 1pearson et al. (1993),

Parker and Tunnicliffe (1994), Dower and Perry (20@hy Douglas (2011).
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Figure 6. Location of transects surveyed during PISCES IV dives in 1982 and 1983 (coordinates
courtesy ofVerena Tunnicliffe).

The ROV strata were determined by the umbilical depth range of each vehicle (DFO to ~
220 m; SFU 220 m to ~ 550 m). ROV dive sites were selected randomly within their
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