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from Baffin Bay: A) peduncle Il ength, B) |

area. Fit |lines and confidence intervals
regression equation also included depth
ihmawading the ones not included in the sta
I T A T G o' - 0 A O o K o T 328
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g8 étefor thHe-vatilecdafedambel bunlysaémpd ridn u
2014 at Jones Sound (red circlesd€ in rel;
data from the calKeirtae ocasidcygpgragndw 6Gr amd
(Sherwood et and, g@n0@mni,mnncdaal cmetfseeam etf lroeg mi
Hudson Strait (HS) and NE Channel (NC) (
the otoliths ofRdihreh &imrcteind a@Ma hind g thqus &8 @ D €

from NAFO zone O0B..(.Tr.ebl.e.et..al...323008).

i g839.e Growth rings and Wmgb lal wlrao fAX eeCilionsl & T

section of the akEliscteen MhdeobpsBopeni(S8gM

transect, growth rings (indicated by bl a
Mg/ Ca peaks with distance from core, wit|
T o T USSP RESR PP 331

i g8 ®. Trace el ements distribution with di

thlendbel | ul @oé¢mwmaoiiesug sampl es....0.2.8.,.329, an

i g8Tle. Rel ationship between MgmbCeal launlda Sr / C

encrficmmusal | three..anal.yzed..s.amp.l.e333

i g83Tr2. Cross sectiodUmbél theseemenunaies axXVs |

(stereomicroscogegr. owteld rdion gs .i..nId3Bldd bar s

i g83Tr3E. GrowtUmbebhubkbpieanBsiiatcekushori zont al b a

boxes represent the median, boxes are | i

and circles ar e otstoluit.ei..s....... L.ef.t..t.d3-35i ght:

i g8 4L. Growth rates inUmébkbatubd r®ac Balhasyn

Bay: A) Radial growth rates, and B) | ine:



Fi

i ntervals (dashed | i neesr)e garees sfioorn reeqfueartei no
included dept.h..as...a..c.0v.alr.l.at.e......>336

g &I e. Number of rings in Bl)elaxiinr adi LAY ic

Umbel l ul dremcBiafidis n Bay. Error bars = st
number of rings ?asdshownafger rhdilbsli Rear
Lo U= T AU o T 1 S 337

i g8T . Radi al WmboeMtlhulr@aaneemetdiiamn i ®n t o envir

vari &bltesi nes and confidence intervals (

the regrags vinomlespu i ncl ud.ed...dept.h.3348 a co

i g8 k. -pBDt of the relationshlWUmbaddleltwlean r ac

encr,i ncuosi ony height, and .s.e.a..s.ur.f.a2&®  temp

i g4 .e Map of..study..af.a .48

i gé42)Pennatulaolgamyn,diB) piecelBfamali gsissbs

|l ongitudinal section of t httamaliyssi sD) B)Xi :

resulting drill ed..ax.l.s..... S.c.al.e..bar4ll’d3 2 mm

i g43.e Col onfeheaghbtfarigm atnide sNort hwest At a

Bl ack horizont al bars inside the boxes r
mi ni mum and maxi mum values, andsocu4rhc.l es
19

i g4d.e Col ony metrics i nPernenlaattuilpoan Agtrogneddilso o l

l engt h, B) proportion of peduncle I ength,
density of pairs of polyp | eaves. Fit | i/

for reference only, as the regresd4ilon eq!
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g45.e Results on the EDX analysis on a traé
the edge in a cr dPennadeutl apsagm@minat Ge4 axi 8S

Bl ack arrows poia2ad) tion mahe gieaks.i.dWR imFon

i g46.e Axi s composition and carbonate propc

colies of Peanae¢al f@ragm atntde sNW...ALt.l.ad2t31 c .

i g4ft.e Axi s oPenhheat slkaf tgpeeranaxtsr acti on fr om

showing A) cross sections aloreqtitws tlhengHt

HClI , and D) another (axiPse:afpteediu.ntcrdeadt me nt

i g48 .e Axiee Pepacmatiunia gebhatdien to colony h

A) space |l ength (A) and B) number of pai |

extension of axis .v.i.s..bl.e..t.hr.ough2t5he t i

i g49.e AXxi s metrics i n Preenlnaattiuodna Agor axnodliwsnwy e i

B) axis area, C) axis diameter.,..a442d D) a:

i g4 @€ ef or aRPesnaf utmwmlgomineds sfrem the Gul

Lawrence (red symbols) ih rdaltaat ifam nm o ay e
gorgoKemnati aifsiesmgtrlhregg i SW Grand Banks (Sher
gorgoRinmnoaa r efsreadm etfloe MiesriNbeasiScCGh amanel
(Sherwood et al ., 2005) ,Hiapnpdo gad tooslsiotihd efsr o |
pl asei(Fabricfuem 1h&0Southern Gulf of St

(Morin et..a.l... e 00 L3 ) 4-2 8

i g4Trl. Cross cekecPhRenaxuswndaranUdVv sl i ght at

(A, specimen 011) showing a porous aspec!l
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taken from the samgé .mml.ony....Sc.al.ed-3War s

i g4l 2. Number of rings in relation to A) c

Pennatul.a Fgrtmdidcngensf iadence i ntervals (das't

only, as the regression equ.at.i.an.48Ilso i n

i g4r3FE. Growth rates inPeehatuba Apo aa daineent yr

growth AatesarfdnmB) Linedal) . gFowt hinasean(c
i ntervals (dashed lasnetshe arreegrfeosrs iroenf ee gewna

i ncluded dept.h..as...a..c.ov.alr.l.at.e.....431

i g4l &. Di ametric and®elninmgraaifagiosmwt her BWe s i

Atl antic by sisseutlheéft Bl acki plotr:i zomort tath b
represent the median, boxes are | imited |

circles arl.e.0lt. ) €l S A3 2

i g4T . Di ametric gr oRvdrmn atau ldar agqmatriildeaesNsWe a

Atl antic in relation to environmental va
i nt erd’aadlsed | ines) are for reference only
included height as a covariate. POC and |
with chlorophyll a and ®0€ stO0oB8glyNesder
val ues omd ydatna landia.l.l...s.i.z.e...c.l.a.s.s4£3%5H .

i ghtr.e Map of..st.udy. .8l .8 . 5-6

i g2 . eDMmbel |l ula Ancwhaolins,sciBt)uowlhol e col ony,

of stem and corresponding exemad#H)&d axi s

Ant hopti |l um gb&)a nwhiadflheg saEjuowlyol e col ony, G



H) axis cross sectioning scheme. au: aut
bars = -BOamdnakrAek not the same co+®hies. C

cm. Size not..av.ai.l.ahbl.e..f.or.. .E).......59

i gbt3.e Pieces of axis showing surface at di

Umel |l ul a (&m@ninwxsale bar = 5.cm.GAaéfers

i gbtdlémbel | ula AncTwinsutsi ngi af (s &katst, Byl eto,l o

Bay, at 520 m) with insetisahstvimudi bgi shi i

~90A position (Qikiqgqtarjuagq, Baf.f51m® Bay,

i gbtfF.e The intertnambedkxes afokmmi feisus een as ¢

sections along a gradient (eveogi L0oampf
red dots indicate changes in | obe positi.:

Cross sections were photographed. 54®Bder U

i gbtd.e Axi s radius in each dfmbteHh d ufl gbdre nlcab e

16

i gbtt.e Radi al growth rates in relation to ¢
Umbel | Ul a...€n.Cl il S e 519

i g8 .e Axi s area and relative weight in rel

oUmbel | ul @ Ae)n,cramdusei dint hoploidiu e @d u m

The vertical arrows indicate maxi mum ped:

i gbt9.e Pi ecelowifn@axgwsrface at different sec

Ant hoptilumf gomanade oraumti p. Pencil mar Ki



i gbtXr®. Cross sections Aonft htohpet iilnutne rgnraa n daixfils

colonies along a gradient (every 5 c¢cm) f

were photographed under. .. UV..l.i.ght..5-22cal e |

i gbtrlnt hopti |l um gwhaonldel fcloolrounny and i ts extr
sectioned, showsegtiposs t({amr @kWs ralseng tF
to the peduncl. e . (op)o e 52 3

i gbtr2. Axi s cUOUmpelsli ol adamtmhopmwuisl um grandi f

proportion of -Bxjscaompoatatpgr ¢ pAorti on i
from bMs,e anCd carbonate proportion at bas

and D indicate maxi mum peduinesd.e...I5&mgt h al

i g6tr.e Map of s anbprliemnl ooac apiRi.coinfe cfaara & bar ms s

i ncluded ip.n..t.hi.s..s.t.udy. ... 6-8

i g6tz.e Col Bni msoatmddiefcteal i n 201-E) aantdhe

Sabine GClh)annelttifée Strait of Georgia (NE F

....................................................................................................................... 6-9

I g6r3 len colt anRreismmda apadihfei Cao-FalakKhobabi Me

Chann-e), (6&trait of Georgi a, British Col ul
sedi ments can be not i cePdariang osregvi ear aalr bpohr ;eta

( Li nnla7e5u8s), ar e -Dgl-JHo Ls:e edna r(kC..r.e.d..c.c6ll18ni es)

i g6td.e Size freque@mcynndiasciprd ioiNEiRidan i nf t he S

Channel (Strait of..Geo.r.g.i.a...NE..Ra&di9f i c) .

i g5 . é€ein relation to yeRBrimnoadpaoomufithiai

Strait of Georgia (NE Pacific), from otol



Al aska (Kerr et al., 2004), canary rockf]

and from dorsal spines od (s@damparda gdti sal .1
Sample identifications in bold as- well a:
coll ected col oni es. For these colonies,

based on the ektewalewe yaesasroichigat eSdh etpol et hRalt
BROO24 was partially alive when sampl ed.

same col ony. Di fferent s.y.mbal.s..r.ef2elr t o

i g6d.e Skel etcoonl sl Racfit mdleoaads ha avii fnigc &1 oer osi on

col onCesaBA. DSkel eton shown in C is part

section of D shown inr BRr,mwift h.d6Rd&Itd ec os

i g6tt.e Rel ati onship between A) colony hei gt

di ameteroweraga momwmla amBRici Mhoa resé&d&@8ef orm

i g6t8.e Cr oss s ectPiromnmfa upmlaes irld tBawlloidg e

alternating bands of calcite (pale) and

core can be identified. Sampl.e.. 1252801 USN|

i g6r9.e Gr owtPur irnantoeasapiBhci mMhoca r elsy dlaceed atrima rs.

Bl ack horizont al bars inside the boxes r
mi ni mum and maxi mum values arei exlt. 46 mar & a

31

i g6T Ce. Di ametri Pr gmonaaildainRad eess e thaef et mt 8 on

to chlloragphylssol ved oxwy.gen...dept.B-32and |

i g6T le. Di ametri Prgmompm.h irmtreel athi on to env

vari abl es not included in the GLM model
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iWOD, and woriWOAgc e admtatolmassal i nity, surf
SODA database (not avaiibBablseife})j,tpheaer Bt ct

organinc (cPaAQM)o, and surface currené34eloci

igbr.e A) |l ocation of survey®&dEarceéas(ivect ar
Economic Zone (EEZ), B) fishing -20GG%;rt (
Edinger et al. 2007) and cor al records f |

scientificssultyeys Z@0xrcl 2006, 2008, 201CcC
Observer Progr am-2(0R0OP) (dartiaasnegtlse s(,2 0@abs s &
Wareham, 2009) near the surveyed area (p:¢
Ker atsi.sifs om prievriactwog .ssidsonyepws,s observed
and fragments of dead colonies in relati.:

represent -taerrema smooRfi glaonegn g hown i n...t7% e pr ev

i g2 .e Fr agkmeernatsqiosfiused t o esti mate growth

el ement s -Ban asl aynslpe. sAmpC e 2. Arrows point
wheresecbsens where made. Note orange pol
11

i g3 .eCN F o rKeesrtastsqoikeir ®2adr ow i n C points to

close up of polyps showing ruler used to
F) branth&kd sbotictures, G) coral fragmen:

H) S par.s.e...l.0.C.K Saiii e eeeees 7-15

i gd.e Cr oss s ec tkKieam tagfik ®tirrde’-@:t esnra m@dal: e 1, D

sample 2. Grey spots/stains in A and B ar

Resi dues of the gold coating can still Db
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completely covered with geoltdh eb elEoarzey uGliune

Scale bar8, £D1 mmd( A. 5..mm..(.C..and7E§ .

i g5.e Comparison of ra@edciamemygs owtt ht hat@esn @as

from this study and published data. Gr ow!
Sherwood & Edinger (2009), Thresher (200
(2011), Sinclair et al. (2d0M1Hudsanrd Starrance

Bear Seamount (green dots) .atr.e..alrdl7from

i gnGd.e Trace el eSwme/nQas,/ QMg /rGaat)Kei sna (sdhiesicsal ci t

fiker BDi2Zd r el ation to distance from core fo

1SD. Where error bars are not..s.eel 9t he e

igt.e Trace el ements/ Ca ratKes afshasCa, Bal/

ik er Bi2Zd r el ati on to distance from core fo

1SD. Where error bars are not..s.ee0t he el

i g8 .e Rel ationships betweenKdgaGei.and Sr /[ (

fker Dtdem in sample 1 (A) .and..2..(BP1 Erro

i g9 Esti mated water temperature (ALC) from

and B) skankpdlreastsqdiaeir®@dcording to the equa
Sherwood et al .i nezs0@5sduSmaotultsed gl a movi

I Nt @ M@ S ) A2 3

i g8&Tr.e A) radial and B) Il inear growth rat es

i ncl tldl ngter i sH.f imimMalrmdssan eRermnat ul2® 0 2)
gr anWmbsel | ul agKeenactsgi.nsu@ssy adi al rowhlbar at es

paciafniRic ar es e.d.a.e.f. 0.l Ml S 8-2
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g&2.e Growth rates in octocorals from shal

classesgrAwthadiaald B.)...l..ne.a.r...gr.o0.ws5h.

i g83F.e Radi al growth rates i n owatoero.r a3t asrps

(*)candinew data produced as a result of
Chrysogorgiidae, Gorg: Gorgoniidae, and I
growth rates were not available, diametr.|
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better visualizathAitonSbhér wheddatBdi( 0g 8B, mi

shown i n the..pr.ev.i.QWs. . ..p.ag.o ... 8-7
i g84.e Linear growth rates i n owdtoero.r a3t asrps
(*) indicate new data proButctade#®ddaatresul

Acant hogorgiidae, Chrys: Chr yMeod giotrhgaieiiddaaee
Par ag: Paragorgii dae, Pri mn: Primnoi dae,
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ofetthat a4y {( 3Cadmna & S8&nchez, 2010). Figul

O = T o = PP 8-9

X X1 X



Li st of tables

Tab2lleSampl i ng information, colony measur eme
Hal i pteri o rfoirmnmairec Nioaa..h.we.s.t.....,AL.l.a.n29i c .

Tab2l2eResul t srodgr ¢ $ ie@am anal yzes using per mu
rates and numbdéral o fptreirn gosnfl(yaame)ahtofic as p e c |
poolHed f( nrmankc hivtc h)l einrmo erseil at i on t o.2e2nviror
24

T a b2t3e Resulet Mafhmottmmetyh U t est on the relati

Mg/ Ca, Na/ Ca and Ba/ Ca (lanloil ptmedi)s rfaitmmar

C O | 0 S 2-2 9
Tab3tle General sampl e ilhniboerlmautli a4 me tf cordie mtuosl o n
E N S Sl Y 3-8

Tab3l2e Specificat-i oass.eft.ROV...\v.i.deo..310
T a b3t3e Descriptive stat Umbit scutidnmuemh 68 ad if 2 e
B A Y et a— 324

Tab34eed€ values fromcohleeaxedmmeél Bulyao&ncrin

sampled in 2014. The year associated to
average number of rings visually counted
for the intermediate regions were esti ma:

edge,ddbyi dlee numb.e.ur..of..regi.o0ns...330

T a b3t5e Trace el ements di §mbebluui ene¢imvmi telza s a

30



T a b3l6e Resul ts -Whriotrm etyh et eMsatn non t he compari s
bet ween dobenil &1d ao.fe.n.c.r.i.nUL.S..iiiiiiiinnnn... 333

Tab3l7e Comparison between obWmbeleldul(@®besncmiu
from visual counti mpaterdd frmwmb erg uaft i roinreg O
relationship between number of % iH§s and
and axis radius °{('"BFSwRen L6 G146 2Bc&dtofist he
S A M P B e e ——————— 338

Tabdle Summary of @&@xeins ad amf@bgil.)nan.sd-2?2

Tabd2e Red@l asabysis iPennret wxaEodgaodinatswso S a mp
were collected in 1983 (edggurmégi aAB3 Mmh
the number of rings visually counted. Th
estimated as the number of rings between

regions. CAMS is the Center for Acrcel er at

Tab43e Results of the GLM analysis between

environmenPahnbhbaotmyzgaiamldasss (small , medi
with colonyvari glhlte.asl mt emacti on i ndicate
bet ween the environment.al..v.ar.i.abl4d& 4and c

TabStle Sampl i ng Umbfedr mdtaindmecomm puisl um gr andi
from the NW Atlantic. Latitude (N) and | «
peduncl.e.. .l en gl o 5-7

Tab52e Axi-ssecctrioosnsa’) peeracOmomny and start hei

Umbel |l ul a €nocs s nsadc twiaosn liOntcemr vand t wi st i n

X X X i



started between the previous cross secti
=T o T 0 O SO = S o PRSP 514
T a b5t3e Results titreem tome dpdifreecdnce in | obe r

di fferentUncelldmnileas Banfcee s nus gr ey highl i gh

di fferences in radi.i wér=e .51.%.t...s.t..6tli5st i cal
Tabslide Average number of rings and radial g
Umb el | Ul G @ Gl LS e 517

Tab55e  Ax i-sse cctrioosnsa?) Uhmbeeal |(uMima nAmich o puuis| um
grandinfdarr utmthe base (|l argest) @aerpdcereangth
reducti on-scefctdaxinsalcraoss ...(.de.gr.ee..6-I8taper

T a b6tle Location and '€eadsleirbvroaitri oang ef ruosne dM cfNoere |
for samples collected in the Stuir.a&ailtd of G

Tab6l2eSpeci fications of envir.anment.abl®ata u

Tabel3d€® concentration ®ndmagasppaecifCadmpbe o
reservoir c¢cbrageesedvaiges &nd cali berated
21

T a b6tde Esti maga-mntnr tohmt hmebott ofr fmmoaol oni e
paciffriocra t he Strait of Georgi.a..(.NE23FPacifi

Tabltbe Results from the statistPciamhmpm.al ysi
i n relation to e.nv.i.g.onment.al..va.r.i68R es.

Tab7vle Summary of tmmdhel) e |feome rnt thKes racdaid quisstiles o f

=R R o 22 o DTSR RRUT PR RRTRERRTPRRRSY £3 R 4

X X X0 i



T a b7l2e Number of peaks in the trace el ement
gr owt h Kreirmgsgiki®enr ©.2.d..........ccoooiviiiiieeee e 7-2 2
T a b7l3e Esti mated water temperature (AC) fro

Ker atsgiik®ir®2adcor ding to the equat.i7&m® by Sl

X X X0 i



Abbreviati ons

Al CAkai ke I nformation Criteria
ANCOVAnalysis of covariance

CMN Canadian Museum of Nature
CSSiIkCanadi an Sci erFtaicfiild tSubmer si bl e
DFOFi sheries and Oceans Canada
EXTEnerDy s peX-Ray e

GLMGener al Linear Model

| RUSht egr at edneRe@dIggi ng System

MODI-Bloderats® | uti on |I maging Spectroradi omet

OSCAR®cean Surface TReradentigneAnal ysi s
POCParticul ate Organic Carbon
PliCParticulate I norganic Carbon
ROPAORemotel yPOpeff@ar e@cean Sciences
ROVRemotely Operated Vehicle
SEMScanning El ectron Microscope
SODASIi mpl e Ocean Data Assimilation
SoGStrait of Georgi a

SSTSeSurface Temperature

Su MoSu pMohaW®V

VME Vul nerabl e Marine Ecosystem
XRDX-Ray Diffraction

WOA Wor |l d Ocean Atl as

WODiWor | d Ocean Database

XX X1V



Ceaut horship Statement

This thesis w&sbawra tdiee nMobuyreamdNevBees .def i n
mostsearch questions, methodol ogies, and c
guidance from my supervisor Dr. Hvan Edi ng:
col |l pattedof stpheec ismeundsi,edi col datakdamddhanal
|l ead author in al/l cont.Holwetvéerwtnrsicke umteir gm $1 gb )

sevemalt lhed p ed teoa cihmpirndovagy it ehnnadl t hey .are | i s

T Dr. Ev an -abudti hnogreradp daa)l s pr osi de danae with t
definition of research questions and me
financi al and | ogi sthiacptsewrpsport, and rev

1T Vonda Waraautadhm rea -5Cha,pdperrocsvi2ded speci mens
and revi eweglt 4 hpu bnla@hsalpelde nidr o m

T Dr. GrahawmubLagpnesdgxX3Chapopanrt iaald) provi ded
and guidance withttlaeei retl emendstsan@inan \acsfi
revi ewedmasuscript

1T Brybhewviamlelaur a Whiellt e@amdshdotie publication
fr&€map3t eThey provided sea pen sampl es,
wi || participate.in the manuscript revi

1 Dr. MB%¥ k eannsde nDr . -Me@ mteewBsldchaludsh dotf e
publ i cadiimg Cferangggaenrd pr ovi ded uRmpiubmho s hed

growth rates.

XXXV



T Chap/wars paraudtaHdryedc oby D-Mar €ebhuwboHr klvart
the manuscript and provided financial s
Saucier who performed the mol@aanuwl ar ana
revi ewed thHhdaasvaaiase ho@eMarbgyar et Trebl e (

who reviewed the published portion of t

X X X Vi



Appendi ces

AppemrdX-Ray Diffraction analysis for the ca
Haptieris f.i MOwerdhmhipcdeHwekennm&echidd aick ) ,
magnesian calcite (red), ahhd fciarn moartceh i(cbhd |
foll ows the same pa.t.t.er.n..as..magnesbsiSan c al

AppemMdLkst of Reonlnoantiuvelsanagfrasmnsddcsi ated depth
Latitude and |l ongi t.ude..ar.e..i.n..dedci5dal de

AppemM@Car bonate composition Bénbhhteuhbhaigran
from the Northwest Atlanticnd Saenpti ks Re c:
l ength reduction (%), Wgt....we.i.g.ht4580r g: ¢

AppemMdBREsul ts on the GLMoasaipsi bedtwethece
metrics and ehanayuhkmy glhamdtoisons i n the N
N B T o 10 SO O o PSPPI P T TPPPP 459

AppemMdiX-Ray Di ffraction analysis for the ca
Pennatul.a Qureandaips beP.wegnfabr daieskg x i snaigm e s i a
(red), and calcite P(blgufeoydioswst et hteh asta nieh ep
manesi an..cal.Ci.t e 46 0

AppemdX-Ray Diffraction analysis for the ca

Umbel l ula ©wnwkeei@psn Uheemaxsauf@bl ack), me
calcite (red), and calUci eetpopbhowys. t Net s af
pattern as ma.g.nh.es..an..cal.ci.t.e......... 545

XXX Vil



Appemns@X-Ray Diffraction analysis for the ca

Ant hopti |l um gQvaenrdiafpl obreutitwe @ n a h(tikelf d&aaak )g,mi n

magnesian calcite (red), aAd gradrmrcditfel drbdn
foll ows the same pa.t.t.er.n..as...ma.gnegtiban c al
AppemndiSampl e identification and associated
|l ongitude (W) are in decimal degrees. De

Rgrowth: radi adhtgr dDwtrio wt aht: e i (@ammthr,i ¢ gr o
Lgrowth: | inedédyt.gr.owt.h..r.at.es..[(.cm651
AppenfdX-Ray Diffraction analysis for the ca
Ker atsqikseirsDOdr er | ap bet weematsdiesissbémckhn ar
magnesian cal cite (KeerdatsmiNoitsel t haws the s
as magneea..an..c.al.Ci.ta ..., 7-4 0
Appenf@dArRnual surface chlorophyll a from th
for the -2y0lal,s fBEY8Braddr nt he sampled site
Red represents the highest values for c¢hl
| owest val NASA Batdalafrdo®pace Flight Cent
Processing .GLo.Uup..2.0.05) . 7-4 1

AppemddPxbl i shed oct oc.or.al..growth..r828s.
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1.l ntroducti on

Deevat®eorals have been known fowabeer a
coral species known today were described f
earl i est oceanographHEMSdxap ¢ Eh®lieBNGE), d md | eude
ear |l i erngeR@ledritts oe tAsand.e,e p2 0sOp%)ci es, they in
continental (cGadd & nTHy lbesy, cmdd9bIlyg, t hey are
calcium carbonate and/ ornpeotéenatbeusdntshke

(Oct ocooHeex ddoar atll)i,a,orFiigqn. the Hydaiozmsa, (h¥a@:

— Order Alcyonacea

Subclass Octocorallia—— Order Pennatulacea

Class Anthozoa

Subclass Hexacorallia — Order Helioporacea

Fi gl e Current cOcasosciofriad d tiiaolhgknady aH e xeatc oarla.l | (i

Orders for Hexacorallia not shown.
Corals in the Octocorallia (i.e. octoco

anthozoans |living associated to hard or so

taxa, they are unique in having polyps wit

and megbeh{ Kayabk el hahari,nl2y0 183dssi |l e nature n



vul nerable to physical disturbanceheas wusu
subsAndtehose which can (e.g. sea pens) mi
anchoring into the substrate, as col onies
di sturbance (e.g. Mal echa and Stone, 20009)

ASs

their vul ner abivli ititeys pteoc i aan tl hyr dbpoa g eorm cf

beceaema dentt he p@Kut dieicmagle,s 1998pedoaeset 18019

200 2,
2009,
incre
proxi
gr owt
sucler
bambo
& Edi
Love

Co
organ
and i
deav@t
sl ow

Th
at | o

octoc

Thrush & Dayton, T2r0o0f2f,e VWad dadirah e r2g0tOebtg
Mal echa & Salo.n,e,2 ®1010,9,J Rrogheeneseenneviaest a |
ase it etthee miiwdete edree dpo r a | | ongevity and

es forl metélo@edlyr yi mee numbseaa odc tsacuari a

h rapidly increased, with sevecalastsu
amnmw@e. g. Andrews et al ., 2002,, Ri sk ¢
o(eogal Roark et al., 2005, No® et al

ngerando@®porescent hexacor aGol shheihg a

et al., 2007, Prouty et al., 2011)

mbi ned, thdbseateddedmt es awgselroaw sgr owi ng
i s msl owmigtehv iWtitiiggtsh r eachSkbenwoode& ,Edi nge.
n s ome (cRacsaersk neitl lAdn @i @2®O®DW®I)t, the vuln
eal copecies has been verified in the
growth rates and high | ongevity estim
is thesis is the result of a project

ngevity, growéhinaeesi gadegat eleanisons |

or al growth rates and environmental v

1-2



1.0ctocor al s & e pckobnigpbogsyi,t r owtf hapdt gern

Octocorals are currently ¢leagsi ioedgoinm a
and sotfcst) Peom&éisebhapaad) He(blopeo (Geaddlag)a l
et al). , TR®OW3present an array of shdp&se and
robust body of gorgonians, and the .taor e f |
2) Gorgonians can have arborescent forms gro
the substrate, or thelyi geowyshemsghwstbl va
arrangements. Soft corals can &t swhibalve a
can breo miacxaol | Yy Bianypear,t 8leébd7 3ppens canpednlike vary

er d oronfs v ar i atbol oempsl liedt @e¢l dye n d dh yd cnlgo mine ¢ he bot

(Williams, 1995)

All octocorals have a hydrostatic skele
sea pens and soft corals, and at the polyp
all octocoral s ohfawe ed emeal o tshueprp otragcd &or ge s
and an axial skeleton which can be protein

mat e¢Bayer., Sl9f8tl)corals do montd Eade ant asi a

the single calcareous component of their s

1-3



Fi gtz e Di versity of oOAeFt:o coorrdaelr oAl ccwi@lmadkeoerams .C
PennatA)Pacagor gi(aNoarab)d&Srdedty iaanusrpi.c e(aNova Scot
CKeratoi(sNev @r SicAactaina) b aBmAalt ant hogorgi a arm
(Sout hwest GAahtoBask s(SouB)hwest Grand Bank
Nepht heidae (ScotHal inffeenrma®d Sbuicd weasy) Gr@nd
BanksBenrHatpul & Nov &P eSicnaattiud )a, agivdabngdlilsul a encr
(Scott InlaetettRafsfiim B3gy).l) and J) refer t
bul b, ax = axis, Cp ed b, sld@ ARSI, F Bt clt:i s Nat k.

CS SIFF O BIMN
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Most sea pens have an internal axis com
Bl ue corals (order Helioporacea) are uniqu
cal careous skdl ematreamgondampegsdd ke their count

(Daly et alut, thEeG®) will not be considered

1.1.1 Growth pat{erdseri Alaloymwaoaagans

The order Al cyongosemaoccsmpti s@s af s. It i
Octocorallia order, (WCao@npaeigseinn g& oMceFra d3d0Oe nf,a n2
Breedy eKagh!, e2NchRRa d ddm@fl&8 egen, 2T0hle2, 2013
order has been subdivi demge inf tswvoe lsaitbormr:d eC asl

Hol ax(oFrmaiba i ci us & .AlCaelrcsal xaodnei,a 2i0sO Ir)epr esent «

skeleton i s co(m®opraatdodoolgerr igtoind ncabewi t e, wi
creshsambered centr al core (e.g. |l si di dae, P
those octocorals with a skeleton p+rimarily

scleritic calcite-cphraenbenttdamcendriadl lcowecrne
Acantdioiglbae, Gorgoniidae).

Asvi bhicenri dari ans, colonial growth begi ns
in a suitadllteh swgls atrleareepdaar neufl ame toa pod ylposi
occuwrithgut attachumg¢et gtolLiharesbetrat ., 2
2010)Larval settlement cposbctcelghsBebénsop
Linares et al . ,. 2Mf0t8er Smet &@moraphqgsi2 1Dt)ar t ¢
formedcall ed @& Bpyiemaraed @9 odess of polyp d

rel ati vwehege WMasdiRaerftanaunreiacrieRi 94 @ Vvheet Rr6i)mary z
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already had ptiemiael ¢ enwiatcihnel@td8h edafatbe e xt ensi
begi mreitmgnor phao ®£imp smwoldit eDaoefaal sgVernreirlalnd 1869

Drisfpa t he primary zooi d haw t&hnies epugitsi es

settl(eSmenntet. al ., 2010)
Production of new polyps is ceonanduous
although in most cases polyps in a single

some alcyonaceans present polymorphism, wh
can be BfaoyverdAl L 8o thppt very prevalent among &
pol ymorphism in this order can be found in
(Bayer, 1981,. Dlan ymernomdr.ph®ods’ohpbpeaei esyohbhut
colony activities including gr owtcessldowe we

i nvol ved i n gr otwhteh .s-Waotré o wtsrtoapriBacea,d r isnorht cor

Q
(7]

bestPalulmaen| M 7H®&l) y psb mamwe rteh ef aii npd cotfo e d e

i bragcaowtiipbl yps away frsomiinmgeo bas@ iamdr ¢ pmp

o
>

(Brazeau & .Lasker, 1992)

Growth in alcyonaceans has been studied
colony( Bremmgegdu & Lasker, 1992, Goh & Chou,
Sanch®z, 2010, Rossi et al., 2011, Sartore
2018¢i Khal esi7)ate@arrnnalk®@0Ost 4B K XYoiradneest eert a
2004nd saeéimus afdli dit a met®&elCeccherelhHi , 1993,
Mortensen, 2005, SMetrsvwomat & EdAdQOGGO@er, 2009,

Chap6®Lnfaw ot haut hmawei essnsi dered col ony g

1-6



polyp addition and(Braneadund kaeskeées, a9 w2
1995, Bramantisietetalal . 202607 KhMdéeher and \

While in several alcyonaceans juveniles
some cases dihfefrer eamree d abrgteweeanil i ¢ beasmd@ggady
mor phol ogi caMd yhvhit ddmayc t(( 2009) showed t hat
watgeorr gdvreitaan | ogorgi aWmeghno&r Bobdeeagoes889)
signi fi cantc hneoar goehiotl ogri ccvad . Paragpelgnhsapaci es
Gray,tH862i mi |l arity between younger and ol c
juvehoolemsilnikat ure waemnuditeng Wat |img et al .,

Al t hough gorgonians grow by the additio
functional noowdtut &nadc me 2z h&od ranlgir nt 2004 adllony
the mother branches in a gorgonian shoul d
rhyt(tis®@nchez .@thsmhogdled2my),4)certain branches ¢
growth, while others might continue growin
(Lasker et al., 2003)

Polyp addition in ddfotw daornelbhsh eevaarh abr d orwe
Dendronepht Ky asntze mppre@idcyhpil @ddi ti on umaderreases
intermedi-a6edml wivi [ & 2 un(d2m2 YYpgold yfpl oand di t i on
replbayme di ncr ead e einfatigroil oyipu sl &itn wllar, i a 9f9l56 x i
(Quoy & Gaisnpaercd ,f i1c8 3g3rhoewtnhu nmbaetre so fa npdr ott r udi
was higher @7 amd?®dtmedmas when w(o3mplpamrnesd t o
f ast5 andy)fll9o wesmmwasHe g hvceadnocciatuisees col ony retr ¢

reduction in exposed area,( Kheaaldeisnig.etto aal .r,e

1-7



Vari ati onfsorn ms girmwd it d ¢ ®rqadessstdicaivaet ebde etno
respomyes odyg na(ma .cg .f oMicetsr i &S Ceelaladivearefl | i ,
gorgonidamscdaan hedntdob ovd it enss teadmdb rovawe trhey gr
Larger g-whgami am® mor e eXxpeosseam ttoo shawen gaer
di fferent ori ent(awaiionnwrtihgahnt s&mraDitlllFelgo moaxks9 ©9 )
stol oni f erCoausi joogaDorcdiesaels ai ng &( Mubhebbedi as
Tel psta faswin oviheor tliactaelr al gr owt h was al so o0bs
unidirectionalacaguwarréeidabel Cranh,e nigresstwet ahd foof b L
forms found where colonieRaege, mMmb9e2protec

Gorgonians can also assume different sh
resulting changestiionnshy dlrhoed yfnraengi uce nccoyn doif ¢ o
deav@tPearr agor gi(ad ianrnbaccrueprac r a5 &)y wiMbhteobkeny
&BufMor t ens esnu g(g2e0stt 5e)dn d igaaat rahnissi t i on from th
environment experesentcoe danbye nsvmarldn nceonto ndo mi n
unidirectional currents when colonies are
currents also seem to be tahsf aoccttoorc odreatle r mi n

Modes of growth and fl oweregi mesoancel s
and these factors togethen Ké¢an & nfalskem¢ce 18
Goffredo & drmd k@efrhav2i006 )et Bh. madnP9é&ases as
grows, polyps formed at more exposed parts
food than polyps restricted (Mcbhbaddenpat98

Kim & Lasker, Th9® 87 caonhadl 9dBghoosde & dsinn gp| ant s, wh



l'ight is the | imiting resoulracke asl(dkeanmn Il eawe
& Lasker, .1997, 1998)

Il n terms of bhsekedxeitaall sgkreolwetthon ti n octocor
the coenenchyma, being the product of the
(Bayer.Ske®9é8pns containing both calcareous

i mportant role i n giandgfltexi ktioll iothy. bA tvhe rsy

such specialization can mbeof cwwnmdlisn ,t lwe efrea
skeleton verticall y -caaltceirtneat(eisntienrtnoo dreesg)i oann
as the cdqINem®y &g Dawdg o, 2006, No® et al ., 20

N®&Dul |l o (200s6i)x igdreonvitihf isestdages i n bamboo
with the secr-mitnemaloifc aax iog gfamlol oweThdy a
|l ayer (ring) formed in the first internode
is formed, etwhda nftoelrlnoowdienphieh Yy ecsosnt armednhegr e
t hi st waycol ony grows vertically with new I :
skeleton, but with alhlaymawshni |Iset etnh ea ctciupnsu | (ayto
onl ytimeost rFragent(ring)

I n the case of these bam® Dul(l®2e0aDI6s), t he
indicates that the production of the organ
addition of new l|loatylgeorsgooi hmEn clkiewweg ttoamk e d ny

approxi mately yxed di st dBb@&as hfezomhtdlad hmo 210

i's no separation into organic node and ino
Growth patterns in alcyonaceans have al
curves. Although several growth curves hav

1-9



many or@glKaufmann,t hle9 8b)n rBevt thalcamfvfey iq@m t he
curved in studi dg.gn datigaogar al9 7gqr,omwtibst ri &
Mi stra, MONPVBOffredo & Lasker, 2006, Sartore
al ., 2013, DoAgbhoydenhgdeb, tBD&dini madeases
gr owt larfremdteesr at atndde cee@msmninmumagl, | yv umsti |l an
readhwed Bertalanffy, 1938)

Anot her growth cur vee stthuadty hoafs obceteonc oursae ds
Gompertd nmadoetlthrea svtont oBert al anf fy pmoeddeilc,t st h e
sl ow ini,wiah gamothwhlen c ol oniinrtse rrreeackidg taen
foll owedchyng dKaadyrmmBGort dedsg Pexp aaglt.i f i ed t h
use of a Gompert zt hneo -tdeeltédgmmthheasnasst NMiwdtyti inrgg ,

19b%Ased on the relationship between feedin

t hidesnse, very smal/l colonies with few pol yrg
have sl ower i1initial gr owt h of aeteeds ,n gw hciacpha cwiit
increases. Early growth has al so Ibs,enwisthlow

no or r aagcec biuldrdo gsgghweaurtal omesretrtbvatdfon after |

(7))

ettl(eSomenntet al.., 2010, 2011)

1.1.2 Growihhsp@abpemssPennatul acea)

The ®&rdaemrtcud napcreippe 0 xi mately 201 $eampen
2011)Sea pens are octocorals characterized
among octocorals. The peduwniktdtérwathe hams ,t he

1995)al t hough a few species are known to ha
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(Wil liams & Al dCeorlsolna dees, hzalvlel )aa pdiosxtiaralr gocehd
contains akil@naoisdsnet Fimeg.s ot her types of p
and mes.ozooi ds)

Differently from gorgonians and some ot
fleshy and fl exi bl e vhodyi eas ,s kveil tet oma ncyo nmsppoesce

axi s apdc ICeAr@ilelsi ams$Sed9IP®Pé&d&NsSs are sedentary

sessile organisms, as some species are abl
powdr fmuscl es in (tMue gpadencnlle @®rfea several
capable of completely withdrawing into the
are sti(lLlangncolne aert al ., 1,9 9p0r, e dAartbir cors ob ye to tah

one of the possi bl(eWytertihg g8 rVei.ltl oo wish, i s2 ObOe6h)a v
After settlement, the juvenile of a sea

of the colony, which wil!/ di fferentiate 1in

o

evel op by budding of the oozooid, dvhich w
stal k of tbohHi adsbAfcedPdBpree days of sett !l

et i |l osar ¢ Gs aguarltréegadd)y has ei ght tentacl es

o T

evel oped(@hpaed&nCiteaewfiiordhel a8demysdeci es,
oozbad what Chi(ao9&alsawf eagrdelldrsge i nterstit
the endoderan e fs d pteump,edwmi ch will different
i nternSalylexicsel |l s were Ghi pr&s€nawfordhelp
Bendodilyeasi ldeed descriptions on the devel
formati on, anFdu noircgual niinzaa t¢i antl toafs gwHliga6hé 3i n t h

NW Atl antic is usual(lWwarfechuiand aantd ,Eebputmhgse m> 12
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Beésg st udy col ohmail ensa tweerr ee nfvriegsrd name nt Bi ¢ R
projections that wil!/ repr edanmtvatehdAdtse rsted d
arouddw@eks after the, pirt mairlyl psnhdgfbiuntgo f toh a
of the pri mankydmBee rygp, WIHA4ME) mi gration of t he
has alrseop doreteentd e fsbpp.Wial | -8 mbes . 1875)
Differently f eampashesnytp nae cheiaghhs ,desgr ee of
with most species having both(aml boamsd, a
1995)Autozooids are the main polyps, which

reproducing in most speci ad, dweHiilceatsi pldrnyg

function in the water transpor t( Bany etrh e 1c90713
Wil liams .etSamhe ,s RdcliPéan nidnamtldaea tgfie ntuyspe of p
called mesozooid, and a fifth type (acrozo
Pt er oleWidelsi ams. et al ., 2012)

Sea pens can grow by the addciet ioofn tohfe au
col snuypbo@ae=egsil i florae), or by creating poly
autozooids (and someti mes ssphomodemmoi ds an
Subsessiliflorae). GCoHamdadrk)s wiatnh bae fcloatdtad ree
Renillidae), or have more (cWillilndarmsc all 9®0r5)e

Few studies have specifital spymexawieceees
pol yps are added near the baé&bopgrt2605th
Baill on eltn acle.r,t a2iOnl 6t)axa i ncluding the Umbe
families, a veryocgiclurheme grolwt &k @aat oferpmol

specific pal(Wsl bf aimbe @¢6DB&hy

1-1 2



The ar ctuUntbespeucideiseamareiugsryoswls7 58 t hr ee st
whiclk hareaechyyeltt hzepr dseemiemadf zooi ds that pr
processes that wil!/ become secondary autoz
appearance of siphonozooids, (3) the devel
increased distin(cl-ifeeno§| a2 ph oWWizloloamdese s 20
Suh(ni8dé&3cribed thdeambaldnibkBatcgrn @a@ghni wi th an
centr al polyp, the appearance of two | ater
to the sides as a fourth polyp is added.

The internal axis of sea pens is wusuall
(Francd9ets,all1.985, Wil sonb,etanad .i,t 2f0r0e2g, u ehtal p
whole I ength of the colony, f(rWwir |tihaenspr dxXi9
I n some species tadedaxhsodoglkesui(ct.hgbuwheg!l e x
Pennatul daacel egaeBai 1B6A el@r oawt.h, r20nlgés) c an
identified in th@i akesawd| sa®édnl abpeckes?2
5, al theugphawikkersien ges rhatv b een (oSbhosoenrgv,e d2 0a0t5 )a
The internal axis of sea pefdic&s omaarrddodi6f)
are an i mportanpermognmpowtmt of a sea

Prior to this study, only two other stu
one of which favau®ed(shirrchheclshméhhdivd h4) ot her

a dweper speaciids f Wwdnsens et Balt.h, s2 @@2)s hay

t hat as-scetaherctdoeeop al s, sea pens al so grow
the decadal scale. I n thtserhbheand, rht peeseé
additional -Bypteeri eseafpamrsepcommon in the Nor
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wi despread presence of these sea pens indi
the benthic enviKnoomwmneehdtdnet inat hdhn atve ® gama .| on
hep to i nfer abnoouwtl erdegceo voefr yo tthiemme .askpect s of
mor phol ogi cal relationships) and the influ
ialismportant to bettetnasbdesdorhawesvuAhenn:i

i nhahvtr einmmemdasi ngly expose(de.tgo. abnathtroonp o g ¢

fishamhiied) can htehaevm | y i mpact
1.1.3 Growth rings in octocorals

Growth |l ines or fabmrgusptc aomr bree pceafiitn evde ash
character of 04l ac & eltlnd iicdo)rtailsss,uet hese | i nes
deposited | i ke i n itmieteesd, tdoe ptohsei tpioornt iiosn roaft

with thHh€l argknudeTdbxorawsanr rlhaéedduonrdny and

calcareous skel etons. I n calcaraacwd tskKel et
visualize, becoming more di docleurifidMbntres ctWwat he
al . ,. 2I0M4t)he case of species with a mixed :

identi fied (ien @uratnmaoa@ekiinoasshi,t aRi sk9 ®a al . ,
The recognition that several octocor al
Growth rings i n gosrcgroinkh each sbhRevieleienm naah@ueda.d yZ d @ |
he sai d t aamstétalrees @ nocrreased every year unde.
appears from the annual ri ngos Jiorh nas tsoenc,t ild88m

El (AgBlBustrated the presence of Wmboewtlhulra ng

1-14



encr.i Wad nwr i ghto9aedod®Pni ted t hat the presen
skeleton of gorgonians indicate the age of
The study of periodicities stored in ac

organism is cal(reavisewed oicthrkealomMad&r Dodge,

studies on growth rings in corals mainly f
corals recognized to |l ay down gtrroavdeérd ri ngs
(Sorauf & Jell, 1%@i7,y ,Lddiacrk etorall.s,, 1gODIY P)o

were also recogni zedft &k nloawn theewt hoglri cwét kye b a
(Wai nwright & Dillon, 1969 ScBerkehandpl gV
an i mportant role in the study of octocora

Gri(glgoadyg Birkel arme (fi19%4) twersdhotw t hat ¢
somet oa@arealfsor meSdi nacnen utahlelsyee st udies, a few
determine ring formatiah epeciods ci Ryngnpet .
confirmed to be annuaPrimnoeca (Raakf ishpaeal es
Pri mmneaedaéeGonmeswnkKleld @ 63& )asMirsi ght(,Shke8 aGvd)o d
et. ,al2005, Sher wo,od&rmka a&ldli inwrarir, nun2a0a0uss),

1758NMarschal .evVabhidatkng@4y)ying f-oeamacooal per

presents sever al chal |l kcdemersds aoind ft dhet d ress etl t
type and arrangement of skeletal materi al,
colony age, and availabilitytopi gewiclhlembe a

di scussieadn iln. F.eX.t
Most ofmathieom ndwai |l abl e on the process

come dfreaovm st udi ewsatoenr sshpaelclioews. The f or mati or
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di fferent coral taxa has been mainly assoc
skeletal deerscécd yof ThepseigQti on of the axi al
shakacdwr gsdug ofciedinVerorsialalnMut 8d8&lai f or ni ca

Auri vil wassdel@8ini redebhy¥yXxABE&mamt some ot her
octocorals, alternating |ight and dar k ban

protei naceoMusrisckegallLeitgonnt eorf bands are for med

favorabl e and faster growth, whileduwuaadk. ba
That is because of the time of contact bet
epithelium: the | onger the contact with th
epitheltiaamtTmi ng action is, which makes the L

I n ther MedeanlLgptggorgnédEsaememd dg8dAme
pattern can be observed, of | i(gMitstbraind& be

Ceccherel Qonr all BB G Irainviroamsm a -wshhearl Ipoowp ul at i on

Medi t ear dmae&anband is formed in the calcare
winter, also correspon@dMagsc¢cioalt he@.sedlowes?2 0
rubrnwme fof mat i damkoband i s associated to a
matri x.

| n t hvwea tceorl del tt o mpoad aibfniRlc @ s e d a,e fiomr mawtsi ¢ h
rings alternate as carbonate and (@Rr stkeiermac
al ., 2002, Shedarhwo @pd odtucali.on 2G083)he dark pr
to be related mat part( Shéanweddrgemnent, y200.
species descri bedPribmomivseab etllbiee veadr knelamd rii m g

periods of the year of higher primary prod
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bl oom), and the switching to calcite is th
avail @mRidkh tgt al ., 2002)

| n etahrel y st age oPR. amxaasicfabccanaa teioawrs icmr e i ¢
before the pribtkasnabeenshkeagygeoiwe h tmoate of
depositthiiosn siprecti ed wi th the car botnhaet e mode
carbonate/ gor gloMatns wmatpd,e t 20nbt)g m trhweb ralkm s ¢
(medull ar region) contains no rings and it
region where dr i(mgisn ud rag ategasvendr eitsi ofno rbnye d h e
skel etogenic epitheli (mMedlrleawilngtcantri 204

I n the Ha¢a ppems g Sfair mmaantiicdibidd)d ul a hencr i nu

assochatweein the number of rings visually ¢
the trace el ement ratios indicates that al
geochemistry, which is rel at ed otfo tchhea imrg ensg si

(ChapBers

I n scleractinians, contrasting growth r
densi ty. Il n these corwaled,heal tih ca gdr/vii tr oinganem
endogenous factors thaitn ctalesie/qf askholadt adrmx $ U
temperature, light, produmctswgdegst addt o eplr
banding bPensmiatyobanding in the skeletons o
periodic thickeningkehdtabrstoakbcempeeivfgi avhi

(Hel mle & Dodge, 2011)
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1.2 Growth rates

Deewater octocorals are generally consid
compared towdthern rcteshratt@mogwatrh rates in these
mainly estimated in terms of radial, diame
studies have also considered growth in ter
et al ., 201d9h anmdatpiodiyptdwasaédli h. sect

I n a biologowhah rcrcabtet omlmbsoertghaeniid es yst em
|l engver megon BertaRadifal, gi®®&8h ratkeastare a
t he st em/ axiasndgrionw,sde rageeiddblirhyel y,i nedal goowt h
call ed axial growth rat&Edbhbyngeome 2900Oho Wa't

201lir)epresent extensitoinmen colony height ov

Gr owters ramtd | ongevity are better known f
octocorals. This is probably due to their
al so because of their potential as pal aeoc

reviemel® nson et Thle. s k20lki4voends sopfe clioensg can &
particularly useful to allow a characteri z
oceanographic conditions over time. Gorgon
death sucboasl bambdocpammenraedadl 0 iytredd speci es
t he pr edcCioauwdslmppurhealve been the focus of most
single published studyAmthh @ma skt WG or madt deds e aotf a

20D faenwd studi es on sea pens as mentioned i
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I n the next Ssubsection a number of envi

growthes-wian ecolodt ocoral. species are discus

1.2.1 Growth rates inriredlags on to environm
The influence of enwiatoeodmoe ratl a lg rfoavd tho ri ss
wel | undebrustt aad i s believed that temperatur
are important f ac(tRoorbse ritnsf |@ueonactihn g &g0r@oBwtnhg t
processes heavily afffPectke ddsiic) divad € mper at
watzeoroxansbélklr ageoiwtihame vieell iteo be mainly co
t emper at u,r ealatnhdo u g hg hrha vies doleaetne dfeamotnsrts at e d
growth in thdd#Helonlegarki Dondgyeet 2011)
ThrecCheod@¥nteid temper ai mperandtdépthoas
radi al gir obevéavia tbeaanibeoso Cood roanlise.s grew f aster af
bet webe PAC2 outside of this rangé¢bodloowve gr o
and above .t hRescEamrtaey @D baplwed t hat no rel at
identified between growth rates awad egever a
b a mbcooorKaIr a tsqipsnicsl udi ng temperature and pr ox
The contrast gt Weeresthlreg t120dDi99s and Far mer
explained by the inclukdrmoantsp$é Baddit heohatte
These addidn®onad me pfercomm areas of higher ter
modest growth rates.
ColonPesmoébafpaaeni fliapavn ngoi-08. 7wak@ rhsa d

growth rates sl ower than those estimated f
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much higher. This was suggested to indicat
rates in(Mht sumptHowe®@07) because in other
temperature growtsh omat dacweres ot ihlelr ¥védrayn t
to influence growtChaiphm etlh essheo wyg cardgda ntii aomsa.l Ir
growt h Pratmen aoafmBici fexeadaehgr mubl i shed dat a
in relation vtao iearbMiersgn menrctlauldi ng proxi es of
have been suggested to play @Arahkaiat gabw
2014)

Primnoel Tlhomson i &eRfirtarhi *ehtadlti®%de® eA ns
showed vaevreyrlasghemavr gr owtAt(rPaeetceks & fBr<oclk icnngt o
While |ife in temperatures frequently bel o
temperate aald speaoai esopave shown (sGhmaipltaerr r .
8)

I n this thesis, | also shawet heantvifroorn nem
dat a wes aeldfd smdatong r bleatwieemsigrpsth rates anc
variables. Whether we are | ooking at the w

more influenti al on growth rates than envi

1.3 Methods for sitnudoycitnogc ogrraolwst h r at e

Met hwslesd to study -wgabwt hocabvesrahsdaep
restricted than thwadserusedkctiesst ddhywts hasl Ibe

of straightforward techniques Beshoasrt them
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become very demandisnega vwehhevn rsotnundeynitnsg dleheepr e f
in dvaemr octocorals have been mainly studi

their skel et ons, as outlined in section 1.

1.3.1 Aquarial/l mesocosm

Smal | -wheep scleractinianl gceptalisnhagealbies
mesocosm; but among octocorals the only pu
by Cor d(e2sOQeit) tahle. Aol o ma®ti.eadAlrtihough soft col
pens can be successhaeyl hatepnhnotnyagubeea t
study this type of setting, except for a ha
(e.g. Sun et al., 2011)

The probl em wikltihv elda rggoer gaonnd kaknesp g rsg ovbevri yo u

| arge colonies in a tank for |l ong periods
very ch&lelepoanaymger ismpecaretsrol |l ed environmer
additional challengesndi asonser{eig. eabsenom

tempenaturedsi ffiWiullti atnos Inga@i On@tBaienmp eed t o ke
deev@at er gorgonians in a tank for a growth
experi ment . However, keeping smal.l octocor
obvious future directions toolhe gtrakverm, re g

formation (section 1.3.3).
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1.3.2 Ring counting

Most studies on-wgtewt corat eshafvedéepn f
gorgonians and black corals, which | ay dow
taypyariodicity dfasgrbevwtnh croinf Rir snedet oalbe, a2

Sherwood et Talk. ghargddda raignoceaena r eac h( el.agh.ge2 si

m, Watanabeand iatl .i,s 2p00t9%¢)nti ally a species
(Morté&BsMortensen, 28Bdbi,n ¢Serre,rHMBoGEdI e rt, 1t dc
|l ay down clear and defined rings, and ther
technique. Il n sea pens, growth rings can a

whi clhl wh e eQhpalpatrBerds i2n

Finer scale rings have also been identi
and frequency of formati on Kefr attdgp.ss@ sri ngs
macroscopic bands are prbduceni onrwmiatoghaousa
prodanednonbtaéqueNe®e& DuThe,f @0@é&fpincoamuadf ir
rings possibly has aPrmomndcd yReE wmenfaira, lg.a n d200d0i 2
in certain(Ramb&oetomal s 2.00Bhe Tirrmafclewyemrde a
moon o-sedeepgani s mst ani fghht rdotsei crueklaagfteendma b | 1 g h
(di sphotiacn dz otnied)a l currents;( Meowe wer ,& tHmamed
2014)

Gr owt h marnignse iimeretrhiedbr ates can be f or mec
scailrecsl ddi(tsgpl ar or | unar periodicity), fol

days), fortnightly.((CliadaklAl tlyOo/4gb) | namangl L
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formation of growth | inesef addawens vemeria oanm

internal bi ol ogi cal clock mi@@ltank, gh®74)t h

I n octocoral sclerochronology, (byedeter:
age) seen mgwthle s&kteetoan be cal cul ated b
t he orggraemi sonvlenr stoommee st udies, authors have

with no previous experience tdevigsudhley woo
et al, ,WRIiOOm)otrhexrgssthimdrieesdbeen copetednhegl s
(Gall metzeyr @&ndailn udtidd 8d craasuegseat hemsel ves
2-5).Whaever the sasmsisreiasdoabde bneohraeb utnhtaend
onaed aviem agrdler to account for any variat
t echrFiugueh.em molhme ,case of the mame pbasoaoance
t he same, siptecsihmeul @t bereompsea d wttiovwe vtoiine sany b

Some ssthuodw ecso mp ar it Suenes ibgfitwemincr oscopy v
Scanning EI ec8EMwhevw cworskciompgy Wi t hnitdee ri ng
Mor t ensenMoarntde(nBs0ebnd ind a 97 % correspondence
using bothPtemhoaques eathade fTa(a2e0d@ Jentd alh.at i r
the skehet bamtKieo adsapi.slinsaj Ori eygehodl sbeer | y
idenusingdbot Majechgroweée®&. rings in many sp
identified when seenr untderefdsad omeént SEMcr osc
pr ovd elteapibleerdvati on of -momealdi sicmg@s$e intra

I n t hePrciammosaefdaeSbemwsod e&nd adased® 0drb ) m:
experience with sea pens, the visualizatio

stem/ pRosogsaphed under UV | ight, foll owed
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sharpening of3imagwy .a Fdgmpeaer ilson bet ween &
frame slmbelelnul s eemcuinWes stereomicroscope
l' ight, .aAd B8BMerved by the aforementioned
conspicuous when seen under both microscop

than under regPlamambaghdg @mend .east in

1. 3.3 Validation techniques

Val idation techniques have been widely
determine frequencywaferiogt déoomalk $ onAimoan g
met hods most fr eqgweatndrl yo catpgpd dreadl & oa odie erpadi c
whiltand®Pb have been particularly recurrent
validation can be obtained by creating a Vv
the skeleton and following growth afterwar

cobooated by studying organiasg@EesSqarn owisng 1®@1%

Davis et al., 2000, Mar schal et al,, 2004,
which are not frequently available or repo
Radi ometri cl Rreichmafa@ja&mseual growth ring f

validated by -afp ptled mmi ¢ the (ODhmbdr wood et al .,

testing d hdaur iocg utrhree d9t5@samnabri®6G®&E! liencr e

amount in the at mos phhee rNewWw arn d!&inrt dtolve hdhead n O
the water peaked in ~1970s. Organisms with
should have incorporated thisd€iarcaleyasies wh

(Campa .19By )knowing the age of an organism
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coll ection is also known, it is possible t
ring that corrl€spdridd hteo carpealcifiosel y mat c
deplien curve, then a periodicity can be de
'€ analysis with aims of age determinat.
species that do not forParagaemitagmdwt h ri
Par amusrpipc.e,a whi chpbaroasrsgebhéeewebg & Edi nger
Prouty el nalbot h2pb4)xies, the analyses show
annual i nenheetsetrienatThoenr of agtehd r@®an @g @wd iha r
wi || be(iemgrednseews et al., 20@ahd $Sheswomo
al so be tHdeftasenPas@ameiheaste anfave not been t
such cases, extraction of material for rad
but rather on specific areas of théestem (
tdn case f or ao cptoorcoourser hsekrealietthoong,e amr ¢ hdéent i fi
219p has beenvasedaaiemigmewt h ring for mat
deeavat er ottch®mocampa.i sTome troet hod i si weased ¢
deca’yPwmfover ti meHal i puielhleekSadasiikemj s1870
technique was not successful due to the pr
(Wil son et aald. ,i t2 @0of20Pranrod g avoPpikad we vk et al . |,
The technique was also used to date bamboo
without c¢dldmtdirregvsr iengveal ch a28069more di fficu
calcite of (Bambwoodo&aE¥Wbnwgas, a2609used in
combinada€iba teter mine riesKefeartgadakjimshit gh i n

was confirmed to be annual (Sherwood et al
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Fi gl e Cross sectionUmbelt hel see@acnimaileaxr ega

light (A) and UV |ight in a stereomicrosco
magni fi ed IspBgs fSxcral ke tbairl = 1 mm (photo si

To validate frequency orfe rniontg -lviiearreym al tioisnogn
chall engingteatni gdiesmbieciome mor e biamieded.

on radioactive dec&y met hedl owe ~ JI0TGnyid @Ire &d &

BaYosef, 2a0d4¥batd4ateesg§ Andrews et Faltthelmoo
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as thé€Cbpendk isn stthoehBledisaon d fiemsegre eniemeants al i v

t he pwerseenal i ve at that ti me.

Perhaasrithal of ot hiemdwaned aanteidv ihtuimasn wi
mar kers for future studies. For exampl e, t
the Gulf of Mexico in 2010waexposedraéesgset al
ot hreemiccWhist e et latt .i,s 2¥WwdrRry | i kely that the

geochemistry of the skeletons associated t
spi |l in 2010, settkmeg anpbobhenteglonew tim

StaiméaoalgniSgaesing technigues have al so |
frequency of ringwdtemad ¢ tooced.nga.ls obagresccionkasl e

2004)Al t hsugnetthhod wor kwatwel Iseitn i ;mlgasl,| aw be

chall enging fsartdwmegwedi esanvi ronments, due to
rel atedvat erdesemudi ¢ $ z@@aMuecresicnh aalndeta al ., 20
Grottoli, 2008, Breokheo&gYahrgst2adm%) used
The use of stains in aquaria could work
sea pensa. sAddinngs a marker to validate how
be formed is a future direction in the stu
study is that adding a stain to the water

using them for other types of study (e.g.
experi mental period the sea pen (s) will b

axi s.
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1.4 miting factors to octocor al gr owt

An array ofdissturdoiteustdeotne rs hchoarsalbeen s howi
cor al di stribution is strongly controll ed
appropriate substra@Raoalmer aga jetAdafrheomutg2h0 & thoecsie
are not focused on measures of growth rate
indi cate where octocorals might grow. Pred
testing and identifyi ng setnrva mgenste nitmafll U encde
di stribution of these organi sms.

Yesson 20t @aIn.t i fi ed several environment a
gl obal di st-watbhairt i @t @dorcall d, limaeltydi pg otde my
oxygen, and calcite sat&Meattdx@akkoélgmta fs mal |
temper atainmrd ,c adrogpmet snary environmental factc«
di stribution of Paragorgiidaeeandl Pshelnbi sl
the Atl antic and Pacific coasts of North Al
mi ni mum salinity, and depth were the most
of three sea pe(nGrsepaetchieeasd. ient Saclo.t,| a2n0dl 4 )

I n the st&aMgt b(yaBméyp@bner s of Paragorgii da
steepest slopes and sl owest currents than
content differed amemagas ed apleinosgpedudsi, @ S, 7 5w
being absent where gravel contvemtguwas ia 30
mirapMililseX GreatThrad eTthealef,or2e0,14)ertain en

vari atbéremi e the susceptibility of a site
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t h

e ranges within each of these variabl es

tagspecific.

Substrate avei habel anyi apdosbat gnbdbivtuhbn
ral | arvae depend on a hard substrate so

ructure I 6Rabgr@as ne td-fuarld dyed2nbolr9%), substr at

i zeal wol determine how | arge a cor al can ¢!

und to be related to the siBumri ¢lhief fag t

Syvitskiteh988-MaMBehlsen, 2005)

20

al

5 Conservation perspective

The recogevdri aln dsepgactieers coofr al shas bBéew ¢
i mportant addition to the knowledge on
clude thene abnipardt Naft i ons (UN) definitio
osystems (VMEs) . Being included in this
nser vatwatnerofc adrealps .

Just as some species can have vady sl ow
|l l enni a, other speci esFosedmstto nhcaev, e sdkeeac a
ngevities at twlwe hsecralnearofn ed escuasdpeesn,s iaosn f e
cluding bré&Brnéy, G& G &1 JDAB)Iommnadn $90Bar nes,
07, BY letys, i1lmM@Pé@mp & atshiazie i nvertebrate that |

ready has a very iIimportant co-Moeteinsenan
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et al., 2010), and that short(er gl.omdédwirt ice

should not be seen as |l ess important

1.6 Thesis outline

Besides thiCbapnero@durtobhiywsaClahpsErscpOBt a
and a ccdchabp@sr osabptrer § 02 us gd owrt asea Champt e
6-7 gor gondamps2lerpresent the study on growth
seaHmadén pt eri g nfirrerhaartdhoinca o environmental f
wi phbl i sheted®Paildi cwislpleeditamesseil ement s anal y
performed Hn themawxic $ih@d resul ts are discus
ring formation periodicity.

| €hapllerf ocus on size stUmlteélulr el anadnagmrion
from Baffin Bay through t#heoedatmanalt i @ahs ofi
aspect of fishing gear used and size of ca
study. Fd€Ethmed morace el ementalanal s est twemet
validate ring formation periodicity.

Chapii er on growth rates Pamadap atl taergmanidn s
Ehrenber gl,n 1t88i4ds study | determined growth
based on interpretations of certain morpho
sive number of polyp | eaves). I al so examir
and environmental factors.f &8dimiogaal ydas

frequency of ring formati on.
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Chapter 5 is the studyeodompes imoir@mod fo gt
internal skel et ofsnbEaeknecira madlhst hbpt s Eampens
grandi(fMeorrrum I'l, H&8v®)anal yzed cross section
l engths in teammseof wbhapgpkt, danmnBfocenbonatue
al so determined growth rates along the axi

Species ifdent igfraaudalt ieconwer euper f or med by
aut most Ifpylbywing avail able gener al and spe
chapfflresg .i denti fications ar e spercdaiéderiend t ¢
studi edsgredeceasasarsy in ordertifedrco6fi Wml Epeac
per sonal c olmmutnh eHad afsfsen)rmaiAic hgcandpétobesm
i@nt weided erbma scedd on common | ocal knowl edge.

| €h apédlerpresent the results of a study o
PrimnoaamBlcifeceadaehgr mew data and publ i she
environmental variables.andadbwPexmpae nkeidc &
from the Strait of Georgia using remotely
2011.

| Chapilerreh@er texi stence of denXerfadre sti s
spker Db2ah Sout heast BahfiestBamat eafwaglrlowddh r
growth ri.hghawvanali sogf utsreadcemeedlyelstiesntt o cal cu
pal aeotempesahbged equwdtiison po b ett hwe erne IMgt/ iCan s
and temperature.

The | ast is a closing chapkerapteas!| it scl

mai n conanpws indsst o new quest ilom sthdgpnsegr dwt h
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also included a comparison between growth
publi shed data available and my own dat a,
(mostly individual cor al growth rodtes). Th
dr awimmg ea ¢ o mppriechtetnrse wteh r at e\se hea rswe ewa tceorl d
enviroamkenamaohlygi $ acx@ampari son pl aseEmitnhe gr o
taxa presenthk.d fiinn pihbricshn ithae § B midmpsafa@ii ¢ a

anRl.L. resedad&kedatmypkeir ®Di2dt o a broader ecol ogi

taxonomic context.
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2.Decadal | ongevity and swaotwergr ow
sea Hadn pteris(Samanarkthikl)a ( Oct c
Pennatul acea): | mpl i cations for

from anthropogenic disturbance

Abstract

Growth rates andtorosngienv iatsys easrsei nkge yt hfeacv ul n e
invertebrates to anthropogenic disturbance
entrained as fisheries bycatch, but whose
l ongevity andegtowmah edaviae & rivBetid pear i s
finmafcbmcahe Northwest Atl anti cHadnd tceampsa
wi | | efmrooens it he Ber i ng -sSeca.i oAxeeds twoe rvei scuraol sisz e
estimate | ongeevsi.t yCharnodn og roogwt ho fr agtr owt h r i ng
trace el ement microanalysis of Sr/ Ca, Mg/ C
Secondary lon Mass Spectrometry. The rel at|
environmental variableofwasnigs2za samgagad 436
colonies. Trace el ement microanalysis yiel

comparabl e to the numbeDi aonie trriincg sg rvoiwstuha |rlayt

INeves, B. M.Layendewag@&hamE. Y. (2015) Decadal | ongevit:
deev@at er HBalai pteer i g Sfairmsma rlc8hsilc)a ( Oct ocorallia: Pennat
vul nerability and recovery frony5antaffrfGiapogeni c distu



significantly smal IHer wtiHdwh mbhresd é npewabr| igs loevd
(extension in height) were not different.

bet ween growth rates alHd feinvma Oaommecatd vag
t hAt fi nmar algisdaiwng, r-eldaeoirvgealnyi slhnromghose r e

from damage can take over 20 years.
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2. Lntroduction

Concerns regarding the vulnerabséaty, c.
corals have been( RaldeHdtdssil&l i red desret@ OWaarad s
comprise a variety of higher taxa of c¢cnida
slg@gwowi ng, with high | ongevities commonly
bands(Romgsts .etWhall.e, g2Z200W)h rates and | ong
desmpa scleractinians and(Bbsgoat aak. hag2608
al., 2005, Gass & Roberts, 2006, Br,ooke &
al most nothing is known about growth rates
Pennatul acea) .

Sea pens arelscolbdniwalr |l dwti deoda stri buti o
inhabiting soft sedi ments. They are compos
in the soft substrate, and of a distal rac
possess an inte)yntahats kegil veed D ns(UN d aritaabsao stlOe
The iaxiseias peemesd kedcwimbi rodt icam bonate and or g:
(Franc et alsaqgn 1&9t7531 198B%Q02Vj | Chapters 2

Thespnee of growth rings in the axis of
growth rates in these animals can be estim
deevmat er sea pens constitut € Brmpeutrant20ol®dhbi
et al, ,ardl2hat they are vulnerable to ant!|
fishemfret)e eanlatha &208bbné&wl 20§86 )of their

and age are important to the management an



Hal i pt er i g Sfairmmarlc8hbilcda i s one of the mos

pennatul aceans i n titeVaNehtamw&stEd(i NWerAt 2810

al ., 2011, Bakwhrereet ial .h,as2 ®lez)n reBakemredetat
al . ,. 2Md 29t her spH.cifeisnmarschhiec agkeongated anc
whitp ke shape (Wi lliams, 1995). It can reac

sexual mat uri {PBaat | @amo.enLd &le8 ,sce®®I ) ot her

finmapoBseases anWiilntiertmbaalt 1a8®x@i5sgr oss secti o

presence of alternating dark and | ight gro
periodicity in this sea pen has not vyet be

Wil son et al . (RO0ro&2t)e = Harn dnpa geadi igm wwk | e mi
Kelliker;geh&tQ,c apeaies from Pacific water

rings) were est( Walteadn it aald.scedb@®d@dnes mi gh
ol der considering that(BhegeunfNadieaiah i obai @

formation periodicitHy wou( sen@meWiibgsoacéai eale.

but there ats, iamadiicmtotomen hcorals, growth ri
periodicity. Forimmtyowmngfc glromwitens rafngtshe st
Ptil ogamaessiay, 1860) i s kdaaomwknh hHaonde melniuau

formed chmei ngasd | i ght b@gBdskdiuanadag WOn4dpr
The radiometric ageing techniques most
periodicity in other types of ewmalalseasend.
First, the axes of sea pens-6usumal Wy | s@dwne ex
2002, this stud3d®b, |whi ¢h nrge d thier (eRsoed earrftgse re ts

al . ,. 29®®9ndly, the |l ongevities of sea pen:c
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reach g(Riartk eelgeersd, 197 4l,i m\itlisrogm telte ause @f0C
radi ocar-b®)ntdawg mbwhi ch i®r gnomies maittladt ewd roa
during dame ek, bettiweelnate 195Qse.agnd ear |
Campana, 1997, Sheawdbddeatialg. wo2@85pest f
carbonates atl drwlslt.tFiIlD@M6 )yeasesme® sea pens
coll agen as (Pa.rd. olfeddern r& akra®mc5,, 1MW 1 &,0 nF ree
20Q02)wWhich restrictsittheaosei abhtilseedmt hag
Collins etFaltthedl®8B¢, the | ogiint stdathi ebal
of eseea organi sms constrains thkekr acslke 0& mar
Young,. 2009)

Parallel to the aforementioned techniqu
(Me/ Ca) in coral skeletons have been widel

(Rosenber ga,ndl 94800 )a s nrantilneer gerxotwetnht rtaot edse taen d

(Weinbauer et al . ,. Z00OO0,e xRaorgrl ke ,e tc yall.e,s 2 0
Strontium/ Calcium (Sr/ Ca) i n t hientcerrproetad e
an indicator( Wefi nbramwtrh etataeds ,., 2000, Roark

I n addition to the |l ack of information
known ahbauwtnnmemt al gr ewattre rc-ectotrredisghndept 4,
temperature and food input are generally r

gr oWwRbberts .etTearp.e,r a2u0 ®2pr sdiu d taicwei tpy,i nsaalyi
calcite saturation seem to be some of the

deter mining t hewadtiesrt réi &austp eonns eotf aclo.l,d 2012)



Here we used &Ssex oSieaatyr dment rMy ( S1 MS) t o
the distribution of trace el ements KHMg/ Ca,
finmafcbmcahe NW Atl antic, and estimate | o
objectives ewsetriegat(el )t hteo eixnivst ence of <cycl i c
el ements iHnh tthemaxXiedhiacfa esti mate IH.ngevity
finmamakdi ta compare t henH.wiwihl fltrdoatseds hpeu Bleir s
Sea (frnmmetWidls.o, 2002); and (3) to investiog
age and environmental variables (i.e. temp

particul ate organic car bonH. afnidn npaarrcthiiccual at

2. Mat erainadl sMet hods

2. 2Stludy area and sampling

Col onHesf iohmamrehiobda ai ned during multisp
conducted by Fisheries and Oceans Canada (
1800 shrimp trawl for =,1%imhnwut &dmatdoadrs s
The surveys o0edurlr eed fdreqnl X000 4hld)iFn gS.a3mip7l e s
have been K&OptAC rsd mecre atol | ection. A tot al

this st2dy. (Tabl e

22 .Ring counrtoiwitgh arnadt eg esti mati on
Col onies were measured and photographed

secti(dbnfl.2699. 5 dTmME axes were extracted from t



di stance r-a0%®%iofg coloomny hei ghthe wh areesta xiass
obserMedwi Inl ewhol essoin et al ., 2002). These se

(EpdWi ¥x or a second sectioning using a Bueh

obtain better quality cross sections. The
silicon carbide grindi nS$trugrsaregeaPol 31 tapping 600/ P
wheel etnh vi sual i zed and photuongdrearp huel d roanv isotleerte
l ight, which greatly improves the visualiz
visualization, the photos color | evels wer

Tke photos were analyzed (Schpgettderi mbaga
201a2nd both the diameter and number of ring
to represent years, naodseeuei ceunt meds at wt h|
value being considered the definitive numb
|l inear growth rates were estimated as axi s
divided by the numberhofaresgwef(e.eompaened
publ i sth.edwifldireonmmeNort heagtWi Paoinf ied¢ awaadt eorusz 0 O
cal cul ated (H.bsfeirnveadrgc leigoegpoamed t o t he age j
regressequation produced by these authors,

function of axis di ameter:

(1) Oi 0 QU @VD@ Wi X & 0w QIDAQIQNA QO IR

This estimated (expected) age based on

al so used the knowlh.ddfei nria rsehzikd #@lt Icama t eutr i & |
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201l4and our estimation of | inear growth ra
speci es.

Then diametric growth rates for the yea
me as urhienggaxi s di ameter of the firstedNagiengs
and size at maturity to estimate the numbe
height FOExpBAstance, a colony Ngeams iwml dheitgl
assuming a directly proportianad bazdadi oms
colony height.

Linear growtti.r avi ¢shreonwe®aai frend of med]

colonies growing faster than small and | ar
we also plotted | inear iaonnd tdo acnoeltan yc hgeriogatt
i nvestigate ¢rowi mmpachercas i n



Tab2lléeSampi nhgr mati on, col ony measuHealmemtter,i sh gfeipm rmahrdc Miocmavh we s

Atl anti c.

Sampling and colony info Number of Growth rate:
SamplYearlLatitLongitDept Hei g Di ame ObB SIExplExp DgrowlLgrowDgr owh

007 200¢56.4 57.81 509 27°%51.61 15 N (11.C n/&0.107 n/ a 0.105
009 200f42.9t-49.59 121078 3.10 22 N :21.%t n/&e0.143 n/ a 0.080
010 200€¢43.9¢-52.96 878 99 3.10 21 N :21.¢% 20 0.1454.6410.115
012 200¢44.2:-53.00 814 82 3.04 21 N (21.C(n/&e0.147 n/ a 0.117
013 200%t44.0°-52.91 1028¢68 3.36 22 N (23.¢ 14 0.1503.0450.129
014 200%t42.9°-49.58 950 65 1.56 13 N (10.7 13 0.117 4.8750.0099
015 200¢43.9:-52.61.518 74.3 2.14 16 N (14.7 15 0.1314.5500.120
016 200444.1(-52.91.440 72 2.56 18 N :17.7 15 0.1403.9270.112
024 200t43.7(-52.33 622 44%5 2.26 19 N (15.¢ n/&€0.119n/ a 0.132
031A 201(43.0¢51.36.598 95.5 2.13 17 N (14.7 20 0.1255.6180.137
031B 201(43.0¢51.36.598 57.5 2.07 16 N (14.: 12 0.1273.5200.0095
031C 201(43.0¢-51.36.598 638 1.72 15 N (11.¢ 14 0.112 4.4350.082
032A 201(45.5:56.66.347 8025 2.38 20 N (16.¢ n/&e0.121n/ a 0.081
032B 201(45.5:-56.66.347 7823 2.37 18 N :16.: n/e0.134n/ a 0.120
032C 201(45.5:-56.66.347 116 2.45 16 N :16.¢ 24 0.1507.1020.132
033 201143.4:51.91.618 721 2.65 20 N (18.¢ n/e0.135n/ a 0.107
034A 200:¢43.6(0-52.22:'785 129. 2.99 21 N (20.7 27 0.1456.2660.117
034B 200:43.6(-52.22: 785 8027 2.14 18 N :14.7 n/e0.119n/ a 0. 083
035A 200743.3:51.77'761 92 2.62 19 N (18.: 19 0.1364.7590.107
035B 200:43.3:51.77 761 8625 2.89 21 N (20.(C n/&e0.147 n/ a 0.1083
035C 200743.3i-51.77 761 77 2. 07 18 N (14.: 16 0.117 4.3580.0098
036A 200:43.3:-51.72 798 95.6 2.55 20 N :17.: 20 0.122 4.7040.123
036B 200f43.3:-51.72 798 111 2.64 17 N (18.: 23 0.1526.4440.130
036C 200:¢43.3:51.72 798 75 2.30 20 N (16.¢ 15 0.118 3.7500.0093
036D 200:43.3:-51.72 798 100 2.64 19 N (18.: 21 0.1415.3570. 144
038 200¢47.3¢-46.38 756 86.0 2.22 17 N (15.¢ 18 0.1315.0610.105

2-9



u

- o

nits
Expl
MEXPi2

areand
i s the
i s the

fohpotwwudéeatd
expected num
expected nu

and*BPgr dwtamet ric gr owth
mMmabl avanl pbéei ous

n/ a:

toadmal degrees), depth (m), height (cm), a

ber of rings
mber of rings

based on 0a0x2i)blaftoiep mest er cal cul
basde® , ohgcowbhyi Bei ghtearDgro

r a CGeosl of noi repdt éuitere cf dfamo schise ifngohttr , r yegpa ress eanft  Imiafxdé .mu |

page.

2-10



® Halipteris finmarchica '_w_GreenIand
A Halipteris willemoesi ? £ ;.
4 ¥ ) ? "
Lo Vé ‘\
1’;_15
A Canada o feoN
BERING & - y
SEA A o g
N YN e .
A PACIFIC OCEAN | V_/_ﬂ e
. _# ATLANTIC OCEAN
0_625350 2500 3750 SO.OEm "\_,X,\ IO / L30°N
180° 150°W 120°W 90°W 60°W
Fig&adXrMap showing the | ocations included in
Hal i gtieermassamptas from the Northwest Atl ant
oH. wilflreonmo etshe Bering Sea. (from Wil son et
2. 2EBvi ronment al dat a
Rel ationships between environmental var
chdophyl | a, surface particulate organic <c
carbon) and gr oHut hf irnamweensehaiinallar egti gat ed. L af
and depth were obtained during the surveys
set . Bottom temperkt.t ufrienfvarsc itibkea | evatdi bnem
Ocean Dat aaBager 2609@adi.ng 200l0® )avail abl e dat
areas surrounding tBe)saaptedi evwedl i ni ©&se &

4. . S&Chlit.zeMqgr ®i01Weg nuoseesdi
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Wil son et al. (2002). Data on particul ate

carbon (PI C) and chlorophyll a (a proxy fo
from http:// oceancobhotegsio. Aas &l o1 0. 8nds:
Geospat ( Rbb&obbks.etAnanlu.a,l 2P00IC0 )and PF2QO 1f30r t h
were obtained from the Aqua Moderate Resol
(@Dl'S) L3 product database. Annual <chlorop
199828010 was obt aivimedvi nrgo AVHW leeew- §Seehnds or ( Sea W
product databas2009hwerwyeaexclodded O8malmy ¢ he
sindetle or no data were available for cer

annual c hcloonrcoepnhtyrlialt iaon f-2010 heeyel2d®dE@popf20A®

were used to characterize the | ocaflresmr f ac
where cdl.orfii msghaofeeh ibeeaen col |l ected, Has wel |
will emdéerei spati al resolution of chlorophyl

1/ 12 geographic degree).

2. 2AMi s composition

I n order to determine the carbonate str
finmayrcdmayd di ffraction ( XRDt) tamel ar tsh wRes
Research and Analysis (TERRA) facugdiangy, Me]
Rigaku-lWl twimda a Cu s®Burae amdedointi i Bua@adg i on
crushed into a powder wusing a ceramic mort

used for the analysis.

2-1 2



2. 2Trhbace el ement analysis

A high spat iaanlalryes sl wtfi avig/ Ca, Sr/ Ca, Ba
performed across t hH afxiinsrhddOhtihdéa&4A,cod 5B
Cameca | MS 4f Secondary |l on Mass Spectr ome
University of Newfounidd amfd)colTomices el 4A ndr
performed in different cross sections from
Therefore, in the sections used for the tr
does not correspontthéeoséebei ageoktswi chaseddfi
sections mounted in epoxy were gold coated
started from the core in the direction of
l engths variedhwi rAnghelgr%& omm.1LTMegti ndi vi c
were spemcapdatb.

Prior to each ansaduwtstier adc ef srpolt2 vass ipmr ec
contamination from the gold coat and to pe
poliamptles The sampl es wele obnosmbaacrcdeel de rwaittehd
through a 10.0 kV nominal p&.te Nt A awa s Ac rpirtiil
focused on the sampl-25mgeThea seodndarayneit @ms
accel er et emhsisntsgetch r ometer through a 4500
filtered to suppress isobaric -BAt¥raedence
energy window of 60eV.

Each analysis involved?Nag 2é8ig( é@sspf pea
Ca( 18891 (483BA(10s). Background position (22.

to monitor detection noi se. The reference

2-13



Carbonatite Comil)lecxa | tQuéRebaenk (DKM as used as
asecondar.ybtatmamduabseddwetroe convtealfa measutr erda tMie
mmo !l / mol guantities.

Il nternal precisions for indivifdgal e spot
312. Repr oddfti bl emegyt ahatabinse Hetaemn anal
based on replicate samaldases dafri hlye e@QKKA ses

0.50% for Na, 0.50% for Mg, O0.25% for Sr a

2. 2D&t a anal ysi s

Data analysis was performed using Gener
relationships between (1) colony height, a
t he t wo Hsaplecmatreadr ics3) growth rates and age it
vari ables. Ten colonies were excluded from
clearly incomplete in height, 2ai)t.h Abnootthh earx

sample (014) was excluded from thaxiasal yse

was not primarily sectioned at the region
unavailabl e.
Assumptions of I|inearity, homogeneity, |

were evaluated by producing reKadaaotfd] ago:
I f diagnostics of normality were not <cl ear
(randomi zation) tests using the(TmBRBer m pac

2008)with addition of a perm=Prob parameter

2-14



per mut(aktaiboancsof f PeR@ddtlati on tests can be use
from unknown o&vhetrei BampoetékKabadsofafre 20hal)

Speatmamrrel ati on was performed to test
height and Faxi & heei amatlgrsi s on col bnweage i
performed a simple |inear regression as we
objective of including age at first maturi
anal yzed col oni es wergeRe>th kIl 8t egsd.g mat Whidat ovxeor ns
of a Ppais@eidnn & Keowagb, p20®6»2y med to test t|
observed and predicted ages (babked on axi s
finmaacki aat sifgemiefnitc antslpya whisfd used t o t est
in diametric growth rates for the whole co
maturity.

A Krudakdli s test was performed to test f
rati os amoagi anteni war ¢ vhet eWhoistcneedya st itce)s ta |
used to determine which samples differ fro

analyzes was set at O0.05. The error was es

2. Resul t s

2. 3BAX>lc®dmposition
Ther &y diffraction analysis showHd that

finmarehcomposed of magnelApperRd)akcite (Ca,

2-15



2. 3GrRowt h rates and age

The abt.i sfiodmar gtinea al | y rrionugnsd ,a raen dr egardoi w
in cross .22€)c.tilom t(hFei ganal yzed speci mens, ri
coupl et s. I n some cross sections intermedi

they might be formed otnhemailderritregnpo(tealg.s
Rings are more easily distinguishable when
UV 1T ight significantly increases the visib
some colonies the axkitshe st siomeawhtatpaguaofdl
round towards the tip. The aver2a2ge wiunhber

di amgtoiwvth rates A¢Rr&dg0hags8OD. 1l3nenar gr owt h

aver agi iygNi4 . em( @ md1 )e.

Fi gazikal i pt er i ss hfoiwdn magr:c hMfhéod hob ek ¢ B icsr oosnsl y

section under WlQ)r&walod ehar U¥)1l I mmht

2-16



Considering our estidmaQiyeiimhbhi nedhongr oWt h
fi nmawohi daa akeyear s matuwueiach cexuh8 cm; cf
2014) . Based on this information, diametr.]i
were also eshgmaneadveya@&Nr@asDé oof t®i 51 pmamii
i fe 217ablwehich is significantly sl ower tha
colony | ife span (t= 6.49, df =1, 25, p <0

Diametric growi.h wiathwesmmi esiiadiffiicant |l y g
t heosil.n fi nid&r=c ivi.B8a; df =2-313,, 3bbut pl<iOn Oabr; gri o
were statisticalOyd4obnddfsts nh-8B36 &l =2c.eF;moRi
t he observed aHe sf ifnowarmcaohlisodneg reisf iodoam ttlhye di f f
ages predicted when using Hhewr e(gefms sWiblns cer
et al ., 2002) (zZz = 34)3,aldtfhoudhHt2he PpxEec iOr
fi nmawehiecan average only 1.5 yyetahres eoq udaetri c

(Tadl,e Z4)gy.. On the other hand, estimated ag

(7]

ignificantly differHdntfifngdar cchi®c 8l6s edV e &

0. 7524)Fi g.

A positive correlation was observed bet"
H. finmaathhoagh only close tp=06i@@&, fFicanc
5A and the number of growth rings=G&G.%g6, fic
df = 1, 2 42;5 Bp.< OT. hOe5r,e Fwags. no signi ficant r el
hei ght &mod @&Hge p(R1H,28C) ,Fiaggt hough when runn

regression through the origdhm¢.the relation

2-17
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e

m (a) Observed age
u (b) Age estimated from axis diameter
(c) Age estimated from colony height

N N w
o [4)] o
| y |
T T 1

Number of rings (age)
= o

172 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

i g4 @bserved and est i nHhatleidp tneurmbse efrionta rocnhg s
vermagmeer of r,inAgseqtoibmetredednumber of ring
using the regressi oneteqala.t Ho2nOwWp2)d )ebnoored i by

stimated number of rings based on col ony

at mat dri fynfharoaonh iBta (I&100n4) , our esti mated |

r

c

ates and ,ap€é dbeonhombwegy based on height

ol onies of.incomplete size
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Colony height (cm)
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Colony height (cm)
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0.33, df = 1,2615, Whe<n0 .p0l5)t t(iFnigg.l i near gr ow
hei ght Hf off | moatatdic h wc B | elmoneesair gr owt h rates f

species were in the ranlde wifli(thisgBme di um s

O Diametric growth rates @ Linear growth rates ( a)
~ - - - -Diametric growth ~ «-eeeeees Linear growth
é" 0.20 S90°
. -
ER] °© o °* .. [ 80 g
o8+ LY . L 70 G
o S e (@] ~
£ 047 1 e . e L [ 60 »
= 8'12 ] O 0% e+ o_e---T - 50 ®
15 e @ -~ <
- i
2 014 - -- o ° o 40 g
o o - 3.0
> 0.13 - o ) 3
2 0.12 1 ° - 2.0 ©
g omn T R?=0.13 Re=066 | 10 g
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E 80 1 o o
€ 704+ e y = 0.0425x + 1.8523
- -\ R?=0.66
3 607 0 I Pt NN
€ 501 0 oy -6 .
£ o e \\
‘E 4.0 T é - _,-—" o AA\
o T WA
& 30 1 3 AL
S 20t
£ 10l y = -1E-05x + 0.0024x? - 0.1528x + 6.4966
- " R?=0.87
0.0 | : | : : | | [ |
0 20 40 60 80 100 120 140 160 180

Colony height (cm)

Figag e@metric and | Hakapt gr ow@tnh irreehtad e hoino a «
colony( Aeilghear growth ratesH.i firnaidaatcihd rc at
(cir¢gBasHd iwn | (I temoarsgl es; data from Wil son

will emoesi showed the best fit when adding
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2. 3EBvironmental wvariabl es

There were no significant relationships
environment &Hl.f ivhama (adbblbetsa o )y.. However, when
the two species together significant rel at
rates being statistically related to | atit
POC, although in allrgasfeRekOhe22ghBMBgonshi
E)). Chl orophyl I a and POC were different be:
PI C was 289No (rFeilgaat i onshi ps were observed be
and depthH.orf ifhMinConfeowihpa@ol i ng the datza on th
7A) .FNo significant relationships were det
environmental?22,arHdagh#) es (Tabl e

When | ooking at relationships between n
varialH.ed ifnrgnnamacbBi gai fi cant positive relati
and depth wWaslbde&Rt i3f7fi,edf(= 1, 23, pps 0.00

were observed with otheef2en®if® oFponent al var
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Tab22eResul t srodr é s snie@am anal yzes using permutation techniqgues
Hal i pteri sonfliynmamadhifoa Hothi smaldc izt flo @ time e sei(l radn mennttal envi

vari.abl es

Vari abl es Hal i pteris finmarchi (Both species

Dgrowth LgrowtlINumber DgrowtflLgr owth

ri ngs
R? P R? P RZ p R? P R? P
val val val val val

Depth (m) 0.0£E0.2¢0.00.2.0.50.010.00.1£2.0°60. 9¢
Temper(adCyr 0. 0C0O0.9¢0.00.3.0.20.1220.10.0.0.000. 8¢
Lati tude 0.0¢0.0¢0.00.6. 0.00.6€0.1 0.0.0.000. 8¢
Chlorophy) 0.050.7:0.00.5:/0.10.120.10.020.020.42
POC (fHmg/m O0.050.1¢0.00.5/0.10.1€0.10.010.100.08
PIC (Mol /mO0.0230.370.00.2:0.30.010.00.8€0.000.094
I?growthanrtesprdésametrié{’ﬂ)graon/vd hL gracvetsh ¢rmdm ne aArt) Jalowd h irmtles! d care statistic
U=0.05.
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2. 3Trdace el ement analysis

| WM. finmMarChirmaageds1758mholMg/ Ca ratios
61-9Z mthokot, Ba/ C#d.0@sQe@bhof, and NalBa9range
39mmodot( Tad3d)Rati os were the highest in sam
and 009, except for Mg/ Ca, where the highe
foll owed by 00233 ;ank ghila BHEC a( TTaaltlieos wer e si gn
dfif erent between colonies 035B and 034A, O0:
ratios, between 034A and 009 for Sr/ Ca, bu

trace el eme®4; rEitlg)os (Tabl e

(a) (b)
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FigarXrdrace el ement ratios (Mg/ Ca, Sr/ Ca, B

col onHelsi wtfer i g ofnien maracnhsiecca per axi s/ col on
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A significant negative correlation betw
sampl es O00Pi 2ZAl2eB),0 35NBl (& tendency of negatiwv
observed for s23mpl HBo@8vYAr (Tahl e red ationshi
values r#®n@9ng n0tmh& /tChar eaen ds aBmap ICaas .s hSrwe d a
i mease with distance from core (i.e. age),
with distafrRc®l A r)ofa/cCoar es h(ows sharp peaks in
particularl212)n 0UBé&Be(pegks do not tchoerresp
ot her three el ements and peak3l@ppdadare in b
di stribution of the analyzed Me/ Ca ratios
number of peaks in all four ratligs is comp
determi n228F i @3LI8Phe el evaMgHbCpapeswwamietsqgpond t o

t he dar iH. bdénmadd$saocacxh &5t &)F.i g .

Tab23Resul ts fr-Wmi ttrheey Madnnhest on the relat
Mg/ Ca, Na/ Ca and Ba/ Ca ( mndoall/inpale)r i s atfii onsm

col ani es

Samples Sr/ Ca Mg/ Ca Ba/ Ca Na/ Ca

w p w p w p w p
009 wvs 12976.0.03 24050.87 281:0. 13 2260 0. 414
009 wvs (5054.<2e126 11205eIT0 520:<2.-26 4606 7. 6113
034A vs 4122 4.&156 10026.e90 470i<2.-26 4147 2. 131
Values in bold areUs@a@5stically significal
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filled red dots emphasi zing posiftia et rpaemskesc
that has an Bxtrroe mblaiSaslameser Bpresent every

barA=i nL mm.

2. BDi scussion

2. 4Grlowt h rat dHal apd eagesaihml ncmampbhircaon bet we
speci es

I n this study growth rings formation pe
t herefore estimated growth rates were al so
formation periodicity in other octocorals

d eav@tceorl oni es o fPrtihren ogao rrge¢s®idaarevi ma dni esta nadl . ,
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in young ¢c

o

| oi e g u(oBfi erykheel asnedan dpledné & g r a l ot he
(Marschal et al., 200®OneSbhérwbedf &cEdr sges

a trigger to growtwhterngrfganmamsonsi sedsenp

availability, such ag Gapgri &g TghetoplLaflkt o
This suggests that, in |l ocations where aut
formed twice a year i f triggeregcbgsbbbdoms

phytoplankton abundance on the South Newfo
reveal ed that the peak in diatom abundance
color index (PClI) in this regionimgaalaing o
recurrent second Heeak &d WPreipddni, s R 0 @Wgast s t h
bl ooms in the study area, if present, do n
and are probabl yatnioadan ai mfaljuwencea nigh ftoorem st ud
fi nmarchica

The abt.i sfionmar clhbhimpaased of magnedsdi.an cal
wil |l e(mMdielssion et Dalamet20C@H)gr 6 wnhakahesaof
wi |l | emmeoreesist ati stically different, as were
axis dbiafmfeerednamgt owth rates between these
related to the differential Ehesrdophyfbod
availability) betw2&)n. thief ft ewroe ratrieals drsewt I+
related species from Atlantic versus Pacif
coral species, Bucmnaa t é(e@uinesedrola/mntad3s) s
Pri mnoa Kpawoisthii ¢ & , 1907 whose difference in

suggested t o Sbhee rfwoooodd r&e LEadtiendger , 20009)
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Since the compared sea pens do not belo
that intrinsic differences between the two
di fferende biebtmadohivc hil ® moleesinumbers @ferf eed

row, with the Atlantic species(Kgkenghab, al

1915)The number and size of polyps can i nfl
oct ocor(ale wiosl,,y pll0eBr2eef or e an i ncreased numbe
all ow the Atlantic colonies to compensate
Pacific colonies, which might havoer onpohryd lac
a and surface POC welkemogisens at However, t|
polyp size and tot al number of polyps per

guantitatively compared, thus this hypothe

Gr owt hn rtah e st wddad p ewteigees svoefri yn gniamginlidmude (
vs. OADH4 niespite the statistical differenc
di fference in rates could be a response to
di feneér col ony morphol ogy as discussed above
i naccuracies rather than to actwual differe
vi sual ring coldntfiingm&érectiibgaceé tori mprecis
related to discerntamguladt wadaenrgsannuel. damd eg
along the width of a Hhvi dwei Ir(iVwiggssnasetalaslo ,o
Sudbdnnual rings have bewat areceogmalz®ids K netot al
but the distincti emnlueatlwedamgannuwalp oaomrd ys wsh
not well understood yet, a-adnthe misgakena

woul d | eades i mat oonverfrsageQumandi vgceount s
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most of the expected number of rings based
wi | | e(nmsoeee2-dF)i.g.1 f the numbedir. dfi nmmansgh i calaser v
overestiaaadwled ,explidain the slightly sl ower ¢
this species.

OQur data show that the number of rings
and that there was a positive correlation
(addadph weak). This implies a corollary posi
and colony height, althesughi $hi es25rfe.y aldti ®ings |
possible that our size range wtaat it©otoi aa&lslty
detected, or that our sample size was not
size and age at maturity (which was also b
di fferent from the obsermedeagssed we aopse.:
and that perhaps the reduced subset of sam
colonies) have had an adverse influence on

The studi eHl. cfoil omanreosteidcfadi ametri c gr owth

sdwer in the first four years of I|ife, rele
|l ifespan. This is contrary to the general
during their first years of | ifetabetguaad
because achieving sexual maturity earlier

reproductiSemeaasr, | 1d8.7, FWArtemant moré®97i)n bent |
with anfermc fast initial g r(oBvatvhe smirgeh tI omaext |
2012)What might beHbelii mdaso ahiadasawxlitalf ori . e.

growth is not necswe agridwt hc,o ugpd eab sma rtvhe d iisr

2-3 4



including scl{Anbbonpi anoaboad @IORB8ot eret eal
2004 )i y®RaVveer, ah@881l ) Mosetgalartdhe®€hahg , etl 98I8
(2007) showedJtumateetl h(eRiddel agywh il@84) switche

to axials gkhel entaom @upport system during co

with an increased height anH. efxipromairraH itocoa h
growth rates might be reduced in the first
resouriccsessuet grtowt h; but as the colony grows

support, als. ofb(s&triavieigds eeth ahi s 260F) expl ain
changes in axial inceemkentei nOuhet Eeohhowuae
an estimation of I inear extension in the f

Av e rlaigngeraorwt h Hr. a tf é 1 iadm. Ghtjcanwer e not st ati
di fferent for HHhwsé( eahE&aMnased fkor al ., 200
faster than t hosewaptudr-siwdhpegd fcoorr aoltsh,e ra |ctohl odu
much itnifoomr mavail abl &€ ypreo§gr oot Al twalt relrée e as h ¢
pemM. gurimeeyair gr owilrarocaltde sc oolfo ntifetéebevse e d @nb5 2
an increment of @Bi3rfkelmand) 488 mépt aks from
Zeal and waltiengesaorsvhsh weefh A4 (Grcamge, ah@d8Fhe dee
water gOhmgysno@er gliveragaslsd dzli&8 3 ) nemowgr owt h
ct(Vinogrado®@pn 2bBb60dther hand, tapmearal ,
to show faster gvadwtrh croautnd rtplaan sdedmr i ns
bl ackCcor aicgan dhuaist®ld i ¢ h cpgmadalhckiss bodegerear

growth rat &o nddmid BADdDIMtdm espectively, reach
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hei(@Ba et ,alwhi 12e00t9h)e tr dpi d aslh owkids | g mmregaan i

gr owt

Po
di ame
rates
gr owt
col on
possi

Wh
patte
will e
i ncre
di ver
follo
Hamel
si ze,
c orAalt
faste
(Cord
(Wil s
wi t h
of in

Si ze

h rates tptl. 46cip Walekmedrd t,&h. Bu8 3)

ssible uncoupled skel et al and tissue
tric growth rates were significantly
were not . For example, tké danaashow
h rates to be faBtewilthleawe disru ms mdlzle ar
ies; while diametric growth rates wer

ble that these two types.of growth ar

en plotting linear growt h r26tBe,s tohi st h
rn of faster | inear growth iH. inter me
mavehs il e i n t hed. s tfudirhadncedeadric @yaipgnst do fr tad e ¢
ase with colony size, based on the si
se as gorgonians and solitary sclerac
w t he Von Be(rMiadtarnif f& B, 0othtHdd deglulrvi,es t1r9i9

et al ., 2010,i nGowhfircehd og rectwtah .r,a t2e0sl Od)e
wi t h an as(yKmaputforiaen nb,@1ilmSgd lr)earc hlesl, s ucl
homasNustrngteflP09, seem to show init
r - growth and reaching of an asymptote

es eH. awi.l, d|lesdadelgecelnMsovw ot he Gompertz gr

on et al ., 2002). Her ¢. wé i 91 maenvcer deiatslaea t
colony height, but due to our | imited
itial versuss] aTlkher ¢ioear ghewahal asi

reehgebeemmcessary before patterns of
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this species. On the Hat hdrn daaaodeit avdec dg rdo vitit
wer e sl owsetr fionurt hyee afrisr of | i fe, which sugge
species might also follow the Gompertz pat

Since size aH. ffiirsmamalkisad mated to be a

(Baillon ,etaldl t,he2Gt4a)dumddcobobklematanebe
wi | | etmhoee saiver age | i neadytirdowtalt er a@atheas @fst4 .m5
maturity would be at four years, assuming
same. Our estimated agei 9fsimmtuarttyoofhat.
shall ow wat erP.s egay rpwedngsir es uscenx waasl maturity i s

five year2#,Bcankel an®& mii9ragidlya r(iPaaljl @psc, e al 7 6
colonies 16 cm in hK&oohyg., akbw®sd)yyolhradstgwady di

H. finmandfddhciacalclyears before reproductive a

2. 4Gr2zowt h rates ananwigreonmemntedlatv ami dwl es

The absence of significantHrefatbmanshi ¢

and the individual environmental variables
di fferences in these variablhsi mitghits nopge di
to be statistically detected. However, whe
temperature, | atitude, chlorophyll a and P
growth rates. Temperaturegwasthegatiesel whir
contrary to the typical view of a positive

(Sebens, ThDP87%i sagreement suggests that th

been 1 nbby utemeceldi mited data points avail abl e
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and by the different growth rates between
bi ol ogi cal relationship. On the other hand
reecdtto food availability and are expected
type of (8ebanbsml1987)

Col ony age was positively related to de
exposarfi shing disturbance, considering t hc:
occurs at <35R0m0Waket ween&1D80i d Suzuki Fol
This has also been di WcAsbkadtiorwhergooohbha
Paragorgi(diarmbcecruesacr as @&y wi thr idmenpotah, al t ho
resedashowend st he opW¥ad saintae ep.aettlt rearltnh,e HENOAD A}t | a
finmahakiedbaobserved at (dBeapktehrs eutp il o h> 2001029
fisheries increasingMgrahofei calltomi & @ om
wi der depwihl Ir am@gcome more exposed and vul ne

affectingbapepsastattcbose.

2. 4Tr3ace el ement ratios and environmental s

The average tr &dce fa lnewsarmeth iviceamtyi ossi minl ar t
observed i nP.t hpeg cgiwfhiigooami smowed sl ightly i nci
el emeAtanha et Tali.s, gd0dhYdb)nhi an al so showed a
bet wsere/nCa and Mg/ Ca ratios. I n Gulf of Al as
5.-5.mMmokot( Roark et méanghlRMO&O&E)ti mes higher tl

H. fi nmarchi ca

2-3 8



Trace el ement ratios in colony 035B wer

colonies, but ratios in colonies 034A and
ot her, with exception of Sr/ Ca ratios. Col
and | atitude as colony 034A; therefore thes
ratios in this colony were different from

The similarity between the number of ri
el emerst suagtgiest s that the physical and chem

H. finmarchiedamated. Samples 009 and 035B sh
of rings and peaks in the trace el ement s,

Thi splseamal so did not show a significant rel

showing that it diverged from the other sa
the axis. Roark et al. (2005) wused Sr/ Ca c
ages using the calcite of bamboo corals. T
cycles (i.e. 84) was consistent with the a

that the observed Sr/ Ca cycles inCahdosbud
al. (2013) showed that Sr/ Ca cycles corres
bi valace® ma H[lail ntrha ecuas , 1758), validating an

for mgtCiaom o.s,0 201 &)l

El evated peaks in Mg/ Ca ratios could be
(Lut z & Rhaonadd sc,o0 ull9d8 Ob)e seen as an indicator
annual temperature variati ons( Gargee s&marllyll etrq

1991) herefore significant rfdlucttadtti®nst her

such as physiological factors, wmeafiadering

2-3 9



di stribution(dff &ot &l eskeket ahband20®4y Rob
avail@Rodrnk yet Hart @00@8BOwed t hat Sr/ Ca va
t wo -datepr scleractinians were related to v
t eprer ature variations. Il n certain marine fi
suggested to be the ma(iWalctohnetrr o Tohno rSro |adnd
although (EImpeomt&r @i,l laasnndd eprhdg,a i G d4g)y 1 9 8 9,
Wal t her ehtavael .a | s200 1b0elen corr el ated with cha
these structures. Similarly, enviradryment al
an indirectwatoére sal shadt iowWabhec,or@aidt7t®8y / Ca
some corals showing a strong intdmMeralbomont
et al ., 2007, . Br ahmi et al ., 2012)

I ntrinsic biol ogi-watlerpromareaslss sgradvitelc ts idr
invertebrates, colonies might reduce or in
periods$oreleproeducti on (e.g. @Arkodkwyotwiskn ,0fl9
Arendt, 1997, Hei Ho &i Kmpalbbidual988) i s sea
an annwalbhbpgapawol | ows shplrooms phBaiolpl aen ke to na
observed peaks in Mg/ Ca could reflect an i
Sspawning period, since magnesium seems to
viability and f ec(uSltdeotwiskn ,iH @iénvveear, t aerpa toedu
does not explain the overall formation of
sexual mat uration. Therefore, it iIs possib
el ement rati os hweerr ef acntfdruse,n csewdc b yasotseasona

(i .e. phytoplankton blooms), as previously

2-4 0



i nf

ske

bot

sho

l uences on ring formati on. For instance
|l etal adcheghen Mgt €aanati os.
Sr/schaowed a tendency to increase with di

ordance with variations obgyaildavyed ofugrh ot
h i ncreasing and decremngedgi Srt{ Las&i ahi
senberagnsild®deBr0i)ng & hat diametric growth r
st four years of | ife, it seems that he

wth rates, which isioopnpthaerycathoeat Be pat

er @atviomiagmaawauyu(sdleB 4V6i)l | i easd et hal o¢ct AOOBE
al | i u(rLirmurbareugmVe i b B & &0rQ Oewh ead e , Sr/ Ca <cycl
n shown to be inversely related to grow

nd no correlation between Sr/ Ca and gr o
feremMmbhrgeheamd 29®®O®gbair (2011) guestionec
ween growth rates Tahrned gfadiriCar na bdlambobCa
decreasing with age #mecgrhfowt @ndatdermi
sensus on this relationship yet.

PeaksBa/ Ca were observedLikeb8thCajgBa/ ¢

wed a slight tendency tsoharnpc rsepaiskee swiitrh E

some of the SIMS spots might be related to

sed
( Ed
acec

i nd

itmepmarticle, which would alter the Ba/ Ca
i nger .etHoawe.v,er2,00i8n) many cases peaks in
ompanied by peaks in Na/ Ca, with Mg/ Ca

icating that the observed spikes seem t
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depth on colony age could be related to a
di sturbance.

The comparabl e number ofamrd ctllrees nuwmhbédire ¢
rings suggests a correspondence between th
the distribution of thHd. tfriacmagdgreineat saal o
pens might have potteenrnvaer oasneptaxi ehhahgess
t he annual rise in food input due to phyto
H. finmawehd&sbphlkuisi bl e to assume that ring
annually, although weael astkindiwd £ dgree trhed d ead dti
assumption. Further studies on potential s
sea pens might also help to clarify the te

coral s.
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3.Si ze nmend iaeast,iamat ando@sownhomnat
t he t al |seesat pkentosMrd nucdraf Gmisdar i a:

Pennat flroame B)af fi n Bay

Abstract

Umbel | ul a seeemavm tseetas pen commonly found i n Ba
Greleand and tCacnaand ar)e.a2an) taaldl i sni 2és s( regi on
caught as fisheries bycatch. I n this study
and growth rates in this speciesdg, manddt o i

growth rates and iemvd olommiead aAl d dvira riBoarfbd lielsy ,B ¢

Vidsewr veys, and fisheriwesranudseasditemtedtiicmdty
structure abd ebondahseleorneghgeivoint.y whg det er mi
visually counting 9 hee enru mbrs kteh de xjmpmhio.efrt ha lr i n
encr,i nansd radial and | inear growth rates we
l ongevities and on axis radius (rt&dial gro
anal yses and tr acwe red e pnearn ftnoimrgest motai tnftaydhnak $ s

could indicate growtl. remgad mubnathioqh@str iroe

Q
O
c

ndance at Scott Inlet (~22 colonies/ km)
patterns, prnoibtaebdl ys adwpel et o iz ® clB60)rh'ethost ar e a

anal ysis YBuggepe shammiz| ar | y-wad eat hoecrt odceoam |

To be txewbrmiot t he Canadian Jour nal of Fi sheries and
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Nort hweswhAftthamhtaiyc do wAv erriamggesb ea n rod a fy B ghng s

2 6&8rowth rates awtdmagléed!| 0.radARitEhmarcar 4r a3d e
The anaglryswitsh afat esavi nonemkbatabrfiwmgont éi £ ameve
rel atgbeern sMmegedgiraolwt h r ates dampd ht eramatr Wuuf e c e
encriiglwesh g waid nerabl e sea pen. A better unde
di stribution pavittahsuhei Balpfa@amd Bayei manag:

this species in the region.
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33 Lntroduction

UmbelQrualya i sl 8& 0g e nvuast eorf sdeeae ppens of wor | c

di stribution. They have an elongated stalk
extremity of the colony, and a proxi mal pe
Ssubst(Wat ¢és amsSom®9%&pecies in the femusdg ncan

hei §df3y gensen et abpporOD&8,byhas sBhudyhal
(axis) where growt(hElrliinsg,s 1c7abn3 ,b et hiidse nstti ufdiye)

Unbel é ud rai inrursae uss, al 7s5p8& ci es of boreal / pc
(Broch ]l nl19bhe&) Northwegst (NW) sAbl peni species
northernmost distribution, haviBgoloédenlOéedé
195BHas been recordedeighWanhehdmwdabdddd) anide
Mi-At |l ant( Molroditgeova et al ., .20I0t8,i sMoaltsem sah
i n Norweg(iBauMdwateenrsen et, adand 20 12he 2Bdrdgnt
its considered highl y (vlulrngeernasbelne etto ablot,t o2nd

Aswi bhhersedaeecpor al s, these sedipbrsi &se
bycdtWaltr eham & Edinger, 2007 ) cecaBtdBnser e¢the
century, Ucoleomcnéabet i ng great depths at re
exposed to fishing gear.Umme lfdaulteasl IfIrIo mf i r s
based on samples collected near Greenl and
t hat r ecov(ekleldi sc,o0l107n5 3e)s

l certain areas of Baffin Bay (between G

Uencrmingitset be pdessfheePahigh I ngolf Exped,]



dense occlUnrbred il (ud skKePdlilii Kkewhenl87awling in the
Fji odrwest Greenl and)Mo(r®o ertegpnosretns, allBslo2 )s.how t |

encriimmucsonnaounglhyt as fi shing bycatch from tr

al . ,) 2a0nld3 We s t( WRa fethiamD By (ah)ot her recent ex|
fishery survey in Jones Sound andJ.Qi kigtar
encrwerues caughlhyaaat dlon(gtthineeg study), again i

this area might be abundant.

Baffin Baygxoivergar twialhl yce during al most
the months of A¢dasg ahbdlatBlegpph@mpiép cence of
' imits fishinghBeanygtthd |websttc nibdse odfat he year
Greenland side (NAFO division 1A), with th

Reinhardtiusahidppbgli gopgd ¢ wivevs naf o. i nt/ dat al

The conspiculbusempicrismfkte Wdttom communi t
Bay, and their wide bathymetric distributi
of i shingnigearasing(leg. d.i sbrerdi arieanaeseet al
concermegarding their ov.&eakhtstyscéfftgbnken
(2015) clo.nseindcenriendne Barents Sea as a highly
needs more awareness.

Teir attainabl e hitadiregye mi igthé vy by d @emgyt as o
codwdter corals ghewiWiglgshan bet sdlow, 2002, St
2009, Chakpurtrh&rnmore, the possibilitsy of be

their potential as vulnerable marinfe.gcosy
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http://www.nafo.int/data/frames/data.html

Baillon etaalspm042pa pens a¢(Bredewn, td00 D,
Baker et al., 2012, Davies et al., 2014, P

I n this study our ©Dhsgieet istasucweargee ,t a nde
anglrowt h U.atemstrfoomuwest Baffin Bayaby wusing
bycat cshcifernotom fi ¢ trawl surveys, experimenta
sampled using a remotely operated vehicle
gowt h rates and environmental variables wel
formation periodicity haswaealeso beaede asasek sf
of ring. fKknomalt € @0 g e roefq utehneciyrc dsimbzi en ie ldau woind hh d a
|l ongevity aocdngbewtutbedatesasskhat papuhatpo
guitdne appropri at e snpaernca ggesmadinrnc uddasrgldyes e t o f i

bycatch

3. 2. Mateei hbdand m

3. 2Sdmpling

The study aeriegh ttc®anfpiriims &Baryt heast Baffin
Sound, Lancaster Sound mouth, Scott Inlet,
Cape Dyer, and (Cuddgpb.e T 8B.h S a&SopulnedsDyf g m=Cape
16), MeBayN4d)y~and Laffca@MBwemwmdt ai ned during mul
trawl surveys conducted byfIFiomh2001024.s and O
Sever al of these colonies twlkeavee enocoompli eteéu

in the size struddtnurteh eppeer SCaumpetyfsen h@ 860 s h



withmadébér swaepenmfilb@ydd.awl s ocaugired 488d
62M@f oL i nut es at a speed of 3 knots

At Cumberlfomdl|l SO@EB.G5 wmy e obtuati med
mul t i s pescurevse ytsr adwels c r i b d&c oal bo(bvBe#,® 2a mcdnmr)an ot h e
obtained as Il ongline bycatch during survey
t hNeul i,ajatk average -H2@3 hm. rBagh nlgomMdlli ne set
hooks (size 1dépl asapadgdl 36 6l6m.m,

Three addi t(i7059.65]l wmpé ono Eeembeed and Sound
600 m, during a scientificAmurafviemuduvuiey 20
An Agassiz trawlg wdand a 410 5mm rmetenmesh si ze
|l iner was used in this survey.alspded adiepl
17 knots. Colonies f{NemaNBBthheram)t alBad fd ol IBe
aboarAdnutnhdesne Oct 0 &5, usiwgth bdeaongenamd of
0.95 cm cod end, mashahoanv2®amenepesd of 2.

Samples frofmNFoRsa30 Rdmn Qi k{ ytab-Bukr)q 77
wemndt ailnemgblayicnaet ch dvuat dgytiosgeeaPpdroreys wer e
c onduwdtoeadAd ctthec Fi sheri esKiAViluanc8&8epAEMPeve
Octob20dd@chtsite, respectivel y~1 Hwdohk sl ongl i
(mi xed sizessfd@2c¢ced 4+ 1-~a8 dmio6rEe, so aSpediknnd ,i n
Qi kigtarjuag. Average demwiredi mstdantesaBduad:
58 in Qi kiqgqtarjuaq.( 1TIvB® Ba didricdam) oQiak i gstaarpjl vees
obtained i nabWMcatrAdmetnhge2 @ 85 ng t he same Agassi

the previous paragraph.
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Video data were OEOHtal@edéhBaBQiokitgt ad jet
(N=asoa)d, CagN=DBArSMopeawk (SuMo) ROV was depl
2014i modobeab@®drld tAmau nCCE@IMe SuMo ROV has a
defi ciatmeoma (1Cam Al pha, Subn@ lmagirmg.ec24.
| asberms apart f or odiome eess twiemat ioppec@®@udedt i ca
along to&nsiektns I OmghgatTdddffdhdB) e Camer a

average field M. view (width) was

z
e
2
z
o
e
ﬂ?“vﬁ’ : g
T Legend i3
k.| ® Northeast Baffin Bay Bathymetry (m)
| = Jones Sound 0-200
4 Lancaster Sound [ 201-500 [
o Scott Inlet - 501-2500] .
| | © Home Bay head N >2500 r”jh_
@ Home Bay mouth  [JlLand
* Qikigtarjuaq
¢ Cape Dyer
X

Cumberland Sounq

Fi g8 e Map of study area.



Tab3le General sample i dUmbembul amethadieadab oiniténs sofst udy.

Sampl e glrowls\lizl(:lathepth LatitudLongitucLocation Sampling
121732 6 6 6 670.5 76.3334-71.3454 NEBaffin IEBeam traw
Jsob1io na 1 1 675.5 75.9370-86.1857 Jones SoulLonglin

JSo0b11 n a 5 5 579 76.0635-86.1681 Jones SoulLongline
JS0013_1 1 1 1 567.5 76.2041-86.3950 Jones SoulLongline
JS00H5 1 9 37 37 764 76.1180 -85.4886 Jones SoulLongline
JSob17 na 3 3 678 76. 0409 -85.4114 Jones SoulLongline
JsSoo2a 1 2 5 5 671 75.9942 -84.9828 Jones SoulLongline
JS0053 _ 1 5 6 6 629 75.9515-84.5241 Jones SoulLongline
JsooaAs 1 13 28 28 689 76.0469 -83.9489 Jones SoulLongline
JS0o0b27 n 2 2 834.5 76.1252-83.0362 Jones SoulLongline
JS00B9 _1 3 7 7 622.5 76.2564-83.2425 Jones SoulLongline
028 1 1 3 505 74. 7685 -75.5495 Lancaster Campdlreamnwl
029, 0648, 5 5 8 533 74.9332-75.0570 Lancaster Campdlreamwl
044 1 1 16 559 74.6559-75. 0045 Lancaster Campdlreamnwl
Extra_4 na 1 n 559 74. 6559 -75. 0045 Lancaster Campel en
Vi deb _ S| na 16 na 47600 71.5148-70.2800 Scott I nl ROV surve
027, 042, 4 4 8 468 68. 7229 -65. 7077 Home Bay Campdlramwl
Vi ded_ HB na 5 na 7050 69.3634-64.8512 Home Bay ROV surve
Qi koo0oOd®_1_ 11 23 23 582 67.6494-63.4933 Qi kigtarj Longline
13B34 2 2 2 665 67.4693-63.7143 Qi kigtarj Agassiz t
Vi deo! QI K na 4 na 62080 67.4742 -63.6929 Qikiqtarj ROV surve
030IA 037 10 3 10 188 66.2648 61.1890 Cape Dyer Campdlramwl
0 4 9BA 1 2 2 511 66. 1308-58.6533 Cape Dyer Campédlreamwl
0 5 1BA 1 2 2 551 65.8358-58.2150 Cape Dyer Campédlramwl
054 1 1 4 620 66. 1692 -58.0342 Cape Dyer Campédlreamwl
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Sampl e glrowls\lizl(:lathepth LatitudLongitucLocation Sampling
0 5'6 na 1 1 212 65.8110-61.3600 Cape Dyer Campdlreamwl
Vided_ CD na 3 na 7450 66.4133-59.2185 Cape Dyer ROV surve
04 1ALB C 1 3 3 628 65.5915-66.3235 Cumberl an Agastsriazwl
055ALB G, D1 4 6 488 65.5967 65.5967 Cumberl an Campdlreamwl
o08as87, 089 8 8 na na na na Cumberl an Longl ine
088, 0094 5 5 na 1203 65.4707 65.8133 Cumberl anLongline
091 1 1 na 711 65. 7273 -66.2723 Cumberl anLongline
0 9'5 n 1 na 1095 65.3684-65.7254 Cumberl anoLongline
Extr3a_1 na 3 na na na na Cumberl anLongl ine
Tot al 92 20(

Latitude, l ongitude, and depth from samplesrvby asated( H'H@imn i i agvlt dheed amd)
growt h2Addiudyonal col oniinecsl udeodn isna mehes tsaitziieonstructure study.
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Tab32eSpeci fiodatRiCWRxm ansect s.

Site YeaiDepg¢imm) Transect | Speed (

Scott 201 47600 2.7 0.5

Home B 201 70D50 2.2 0.5

Qi kigt 201 62®80 0. 95 0.5

Cape D201 74B50 0.914 0.5

32.2 Remark on species identification

Two s pdmmbedhlaMlea been reported ®Wor the N
encramdus lhli,indvdhose similarity has. bBRreamcHli sct
(1968Nnsi dered. tehreamMiredaslcogi cal lcyaldifddtrimm cotf ¢
' i ndh®di2®d® 8ygesUtUedlhliihsdda j uni dJr Syronymsof
the purposes of thi st ehthtdydevnetliWl isedmpal sersu h a
basedporesemea quadraadnsgeunlceer iotf g sssciln t he poly
and geograpHowaV el o0caltmbevislguelcane ® f wi t hout s

necessary in order (tho.cdnf iWirmhl| g mensi, e.p eirdseom

3. 2ABundanc¢ eferaenqgdudesmsay i buti on

A tok8@d®olodny height measuremenegquwerceg I
di stribytTiadwh)esiBudlyudi ng data obt@N=e28)rom
Rel ative abundance whe oamberiadt®adld bdoaida e s d
trawls, |l onglines, and videoshiup/sl@sy) bamgds
surdeyatDiems) ty wast meaembelavbédcdasoaaes per

determined based onasdrepgprdndi widhbeof spe.
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video fiwildtbéndaerwe and density were only
known catch (trawfl$.and | ongline, Tabl e 3
Size frdeaopgueaendwti on was determined by me

onboaanrdd from video

from the
col onies where
s ze were al so

heiwywdonpaeduncl e

proximal tip to

observations. Colonies
t he( Rii-®., ofextce@tpo
the polyparium was missing.
i nAditvoitBalalladfryi SeEletwe me nrmelasur e

hei,ghdal trredwadh omrslhy p&5 wer e i

statistical analysis due to mi.g2irrnvd diemof or m
anal ysis, colonies were only measured when
touching the bottom i mmediately near the ¢
Because the peduncle of sea pens remain
could not bevvdeoali Zhdrehothe it was esti
equation based on the relationship between
for the collecte(Rc ddpo Mlistelsi s)ns tBladi j np&8adyn c |
| ength was ®tlse¢imaltledwifm@mequati on:
01 AT cagEv wwyOAAEKIOC OB X 1 ¢
Final colony size for the specimens obs
by summing the measured rachis |l ength to t
We also investbgawednrbbakioshsbaiasd col
samples collected as | ongline bycatch.
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3.2.4 Longevity and growth patterns

Thient earxn&l. oénicsi abwstt ekf bl e stem whose c¢.
portion is compose@dhaft endhiiye vmtsamcicat ei teed
estimate |l ongevity and growth rates in the
each colony awecpiiomadi by ¢hess$ hickest por
peduncl e) using a rock saw boerddae dma mu alp odryi
(EpENiar a second secEiowisgpeadi sgwa@QBusbhMi
sections were polisBedheketghreiamdaigda al(lgy i ¢ s i6
P1200) a polishing machtimepr(cShirqueadtshteye d rapk a
finish required for samples analyzed for t
photographed under UV |l ight using a stereo
visibilitybygfigrowtalsimigngdhe comitmas.t Riengve
vi siboulid ybmpf alvge tdckirgiital |l y adjusting photo
software .GI MP 2. 8. 8

Because tUheeaks$ s5s8dg Baanrde ofboeudr, riamds off r o ine
four | obes were counted 4drB5d¢d haawverdaegwast %He ,
used to measur eRaxialr gdiouns heannadetiaasuesh o r
determined adetheuratobesobveraged, divide
ri nRgasd.i al rates were determined rather than

2001, Chapters 2 afmdl d)syrerwomatusy off the d&xiu:

Linear gsrowtnhcrreameent in vertical extension)
divided by the average number of rings. Mo
in size, and these were not included in th
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A total owe®e usednies theg Tarbdj)etlIBnr at es
some c hleomixes thad darker areas that make r
these abdtlidboiugdh, t he number roafdiruisn gasn dw aasr enao tc
beneasfinddante onships with colony height (N=

Growth ring formati drny puesriinogditonmot ydiwd serae
approaches. Fi rl€t meda hwsde d atsh eanb eamhlt e mpt t o
'€ concentration, which ceamed pamiad itno tthtee
1960s andsimarnlhye NDT Qalswes tr efstull an toifc at omi ¢ b
(Campana, Oa®938¢cond approach involved a tr
the idemtoff i gatterns that could indicate ¢\

could beosuggegtifwe mati on periodicity.

Fi g2z @ol onUmbelolf ul a ne m&mtiun ¢ s-B )n Qe dkti (A ar j uagq
(CD), freshly caught B)andhdael & noare sliotne Soun

Ar ct iCSNBFO -)A and Laura Wheeland (E).
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3. 3Bomb€anal ysi s

Bomb€ analysis was pencwmlroney fimomhkom«s s
(sampl e _J1p0O0mBrobsegrr oonfi hgs (i .e. |l ongevity) s
alive before and d€rimgthlee epedl 1®70cedsie
The axsiisngdfe col ony was analyzed because it
esti matbed atl i v eBeicnaushee 01f9 7tOhse. t hi n axi s di a
gener al , sifbsaamaplyess sf ower e obtained from a
axis. A piece of axis ~2.5 ¢cm long was gl uu
usiamg | somet E Low Speed Saw. To avoid cont a
glue, the axilsa lwatlsd paeignletrmeelin twd tthhe blEede usi

Subsamples from the core, middle, and o
mai nyl ymibl i ng the sample to a powder using
(New Wave ResearCREMII T,r oMWarhdr i al University

edge wadhamdreengi ng for autbemetdreictowmabsl| m

scraped ufiongthebmadeomilling welnysed a dr
mi |l 1l ing at5@m,deaptt ha otfr advian/ see comale d Ao fmi %0 Gnu r
mg per subsample was collected for this an

Subsamp€Cesnfidbysi s Genedxefedrerattolme Mas s
Spect rootmetalmey e nc e Nad tvidaanexdrr éa€ alriyf ori€a, USA)
val ues are the assumed val uesRaadcicoocradribnogn t o

concentr at iadof oild ognii megn sehse f ¢ & h vleaw(elr 7a7n)d P o
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3. BTrace el ements analysi s

A highrepaltu@lon/ GegaCasi BabCaSahdoNa/ Ca
performed across t hlke aexni(sraimapgud # hr@D8 agdidh, el
a Cameca I MS 4f Secondary | on Mass Spectro
University of Newifiwcmedd asnaegt i dme mounted ir
coated (300j) prior to SIMS @amaltyhsei «d.i rTercan:
t het ermost region of the cross section. Tr .
randi. Ay 8608y with i ndipaicema®fpep@ai $ ed fporocedu
the trace ebheaeaedeéisicraannbheag seits nall .i n( Zhladp)t er 2

It was difficult to visualize the sampl
started in part of another | obe. For the ¢
of trace el ement ratios peaks we soknilpyp edc ow

the first 14 observations.

3 2EwWvironmental data

Rel ationships between envirommemernrmlofvar
rindgls enwereusnvestiagdt eeptbaweredebt ai ned
surveys and reponésansutheyagsetagBottom tem
the World OcedmBoDatralkdsead 290 200® ) aswnanill aalrl e
dept hs anmdi nadri enags tshuer rsBaonptl eend tleormmzedtriad tiflers  t h e
northernmeas ebwaiowed from the Polar Data

(https:// www. palnadr chadtdd .tda/nal data were obt e
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https://www.polardata.ca/

At 12a0s1 3 v elrosciaornni2ni). eomlamph 261 2amagdteur e dat a
for the day aonfd ctohndssectweorne added to the dat
Dat anmmual surf apaea tdlcludradpeh ylrlgaan,pc o &r b«

for phytopl amkit sreabisamdas)yet empdgewat oade (@ SE

http:// oceancahdregsfachddsai ggiAMaG]l Bel Geo s
EcologyRObelrss .€Ehl al oPRPAEDA OHO®T t he period
20Wwere obtained from the Aqua Moder ate Res

Sensor (MODI S) LSi poceodakltordapaylalsea and PO«

correlated, we | imited the sC€aitsg sanlcyal ana
graphically shown to illustrate its relat:.i
ice in Baffin Bay, we also extract-2@d chl or

September of20@3 1 4pmmd Y e weeskao, u twilldlre so z e
1/ 12 geographic degree.

Surface salinitySiwa@Pce®dn abatea (AODANIt Ihaet i
dat abase 2. 2. 420f100r (tChaer tyoenaWé Glis9edsDe s a2 008 ) y
month of July onl peciansketebliueheanonbali cdat a
(partially covered with ice durDantga awemoes t
downl oaded from the National Center for At
ArcMap using MulTthieksiemamadiao rh aTdo cal sp.i x e | reso

Ocean surface velocity data Cwemrendlst ai ne
Analyses (OSCAR) project. Data were direct

t he NOAA OSCAR tool Ec ol og yMd3oohe €@abepasiio
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http://oceancolor.gsfc.nasa.gov/

wer e asseat average of measur etmeentis@@2aken ev
2004, with a spati al resolution of 1/ 3 of
Depth, temperature, proxies of primary
ches because of the known over alalt eirmgaomtad n
di stribution (Roberts et al., 2009). Salin

without a specific hypothesis on its relat

3. 2D &8t a sainsal y

Descriptive statistics were used to cha
popul ations. Skewness (gl) and kurtosis (g
was a dominant size cla¢se.gmoegrihetsaludie
Skewness, kurtosis, and their standard err
Skewness and kurtosis are significant i f g
2.ignificamndskewmdes®ase the preval damce of
the popSbkal o& Rohlf, 2012)

Rel ationships betweernhagpedohcpedadringge h, a:

ar@aad col omrmyeheingkestwgated through gener al

RStudi 00 . v®93,s4b8yh controlling deftihpesi ngumhe
sqguares) . For the analysis of axis area Vs
was fitredataontship i s not | inearweWhen in
poothddat a from all | ocati onlsheamd asmlny foan ttrt
the influence of | ocation on colony height
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di fenér sampling effort, gear, different yea
Dept h was -vkaerpitataes baeccaouse it had no infl uen
I n order to investigate relationships b
vari,abwesfirst assessed whether there were
rates and col ony height. I f a significant
performing simple regressions between grow
whi Ing rcod | i ng f oaof\huenicghitonusiinngR.t hTehi s appr o:

instead of analyzing the data by size cl as

reduced number of samples when including a
observad i ainls éanvi ronmental data avail abl e.
temperature and depth were included in the

predictor variabl e.

To assess how well col anmpembeer (ahde.args
age we per f-walmedatai em olsys generating a regr
75% of the data (training sample),-owitth th
samp(lcef). Kabac@weprp e2q0ulast)i on was thewmtappl i e
sample to estimate number of rings from co
significant differences between the- number
out datagkeest afwpramededi n R.

To compare trace el emaManWhiat ney besivewa:
performed, as residual beweekatieashiyphkbéew

and Sr/ Ca was assessed through a Pearson c
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Assumpt i on s oanfo gleinrea & rgintdyn,o nich@lpiengdence of
were evaluated through the visual anal ysis
in(RabacofSfi,gnidliscl)ance | evel sU=f cOrE®ablolr ainsal y

shown as standard deviations, unless speci

3. Resul ts

3.3.1 Abundzaecce wenmtysi buti on

Col bhbmylmdnged on meaBdoleameinass2 4a@8m,ged 10
i nclgudihrose measured fr om33 p & 8)gArte BNso ratnhde avsi td
Baffin Bay a troatnagli nogf8 Hsd txmeceonl ohneiiegsht wer e ¢
beam tr arwdl, atwii @« ého fBalcBon dknmtceesand a density of
c ol ohm?i( &33-9)..

AtJones Soundl,onmgdfliiesnheahgos e?2 $ awerreageeomp | e
dept & Bih4HQO0 wimk b | obneiemsg ¢ a u gatt dmg nldglisnsget s ,
bet weeBM 06ATD t hi st okani es, weldlwmgkbkboghhooksth
yielding an aburkdrm(ndc5e coofl o2n.ide sc oilno ndi0e sk m sur
density ofMd. w2t dol onhiomeyt vieizzBe0 (r GaanbeBi)en g3
This abundance is inflated by m Sikmglaef set
longliningAkM. E¥JcolRdniLeasnncaster Sound a re
col ohm’weas estima)ledafdFiag.d8nsiM?y wiftlh. 6600&n

sizes rangi-2g4bemwEablle 53
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Fi g3 @ol onUmbelblful anesé¢ntiunusSi ze cannot be
because the scaling | asers ar é&cmotlTeafptsi bl e

phot o shows a oc ane@@mw.Ce 2 tddirnmcati€ENEEFE O.
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AtQi ki qtaartjouadq of 25 col ohioagfliwsaheien ¢ asuegth
(-8 km dtongn averaggieépdimgo 582 adi te abunc
col oknif,esand a demcslidmfi( ®3f-4).A1tE0 B siheei,ghctol on)
rangetdweb0 (dmd3)e

Abundance haenidgdctel amyso esti mated from th
Home Bayg| onieerwed aRlodmvi dedpF( &mgt h8se, o
five colonies could be measured because th
observed colonies. These kol wesseanl weage efst
these colonpesggcdunbtedhaorotbeg@ausieblid twast
them and in one colonyanhhe apsluyn@ar t ombwag r
encr,i nass no other similar . s&€alpanesamndtfaoumnr
trawling at Home Bay showedkat rahdtaveemadiu
0 . OcOo2l okm?i e s

At Scott Inlet, 59-2ckimonf esicivé odaifbeB2er v
0. DcOo | okm?j eBid)g.. Brom these, 16 colomsies coul
estimat e2dl 0®8m r (aB&bel. @IAtIi gt ar juaq, eight <col o
along 954 m pfywvededibnt r amd ehmi(i &ixd).of Od] §0 3
foagol onies could be measured,83wvbd8rm. cAtl ony |
Cape Dyer, ten codmgi®3Z 5 wercef owisdd a ietdrgaarhs @ ¢
of ®c o0lOAm?i( &$-4)., 3but only three colonies cou
height et ale@od2m.

At CumbSeorulnadndc ol ony -h@dnghtt hr aredead i ¥4 ab

of a3ndB84 | cknmf(eGampel en and AgasPéemsithwb, wee
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0.0001 azwmd M@’ @s2speactsealyen fields were ol
Vi dseuwor veiyeeds .

The descriptive stati €apeshDagphmgwed i tclaatt
positive skewness amh Eanéessbesunahwéeresamp

significance, but WwBt h¥FIHggative values (Tal

3.3.2 Hook size versus colony size
There were no trends betweennhook si ze
Qi kigtarjuag and Jones Sound, with all thr

short apdns 8pFAitgearmber |l and Sound hook si ze

53182 ¢cm |l ong were caught in the hooks. Ho
Cumberl and Sound surveys was not | imited t
t hat we cannot exclude the possibility of

caught with this hook size at this site.
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- Agassiz/Beam trawl I:l Longline

N Video transects

- Campelen trawl
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Tab33e Descri ptitvhee sstiaztei sshbieclst Uflodre @onc Biah it $ n Bay.

Size ra

_ ' Total (cm) Skewness Kurtosi s
Locati o N Vi dz¢ ) - -
measuMi n Max g1 SE Sig g2 SE Si g
(>2 (>2
NE Baff 6 na 6 87 18. 0. O0.¢ -0.C-2.2 1.7 -1.
Jones S 95 na 95 11 230 0. 0.7 1.7 -0.¢ 0. ¢ -1.¢
Lancast 8 na 8 124 223. 0.« 0.7 0.¢ -0. 1.« -0.:
Scott | na 59(:16 20. 108 0.: 0.t 0O 1.0 1.0 0. ¢
Home Ba 4 17('9 16. 248 0.: 0.7 0.: -2. 1.0 -1. ¢
Qi kigta 25 8(4:29 83 210 0. 0.« 0.7 0. 0.¢ -0."
Cape Dy 169)10(:12 81 177 1.¢ 0.¢ 3. 4. 1.: 3.
Cumberl 25 na 25 53. 102 0.: 0.« 0.%"-0.¢ 0. ¢ -1.¢
Tot al 170 28 200

Numbemparient heses represent cométawamsedspacimhein 9o oNdnticioesiplu @y e in size (not
Sing fi cant kur tsohsoiwsn ainnd bsokledwn e s s

324



1007 NE Baffin Bay - Beam trawl 1007 Jones Sound - Longline 1001 Lancaster Sound
N=6 N =95 Campelen trawl
807 807 go- N=8
(2]
2
c
S 60 607 60"
[}
o
—
?. 40 407 40
=S
207 207 20
0 0 0
1007 5eot Inlet - ROV video 1007 Home Bay, 1001 gikigtarjuag
N=16 Campelen trawl, ROV video Longline, ROV video,
801 801 N=9 goi Agassiz trawl, N =29
0
2
c
9 60 60 60
[}
o
L)
e 407 407
ES
201 201
0 0
1001 Cape Dyer 1001 Cumberland Sound
& gp{ Campelen trawl, ROV video gol N=25
c N=12
o | i
5 60 60
3]
5 40] 401
° Agassiz trawl
° 207 207 Campelen traw
Longline
0 ‘ 0 w
3 8 8 38 3 3 8 8 & 8
s T 5 8 4 s T 0T 9 A
3 38 B 5 8 B

Size class (cm)

Fi g8 e Si ze

frequelbimlyeldli wltd& i eomd Bi@md $o 1

Size class (cm)
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2501 M cumberland Sound
O aqikigtarjuag
[uones Sound
o
200 T
E T T
L L T
€ 1507
2
s l l
=
2
5 100 ==
@)
(&)
50 J
o_
T T T
Size 12 Size 14 Size 16

Hook size

Fi g3g@ol hhmyigmtr e lhaotoikdmrtzosabhmbebk|l ofa encrin
caught absyclaotncghl iante Cumber | and Sound, Qi ki gt
Bay) . I n Cumberl and SouBHOaohl|l ohoepbhnsankeba
boxes remedscaagribomei ted by mini mum and maxi

circles are outliers.

3.3.3 Colony and axis metrics in relation t
There swasgpmagi ti ve rel ationshi g olcaatl wengn p

hei ghB87A(F= g3.8 1246 N )5 &It a negative relati

bet ween peromehtta@e do fc op3e/éhd = h &b gph<€O NGR2I g .

8bpThere were no significant interactions be
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Wheinnvestigating the relationship bet wee
was a posi t37@)db,uttr eand i @hiid.i cant i nteraction
depth was identified (F= 4.388, p= 0.04, N

relationship between aliDs d&r=ed.®®d ,c pl=oMy 0

3. 3BatmE anal ysi s

The average fmambthamdoffdygwas 68 (aver ag
four Tlhhéesdsul ts-!Barnoam ytshies bsohmbwed t hat i n a
the single @f€alvps$ e@e stcawien e(ynpergea t isvheo wi anlgu easn)
i nceefasom the core t(OF3GheTaHhFda'ed fc urhwee sfaomp |
U. entoihaws a similar pattern to the obse
Ker atgaiagirsi ght(,pub8 6&)h eodrf reastra t he SW( BWand B
At | antbiut) di ffers fr okngtt d&awmidg ¢ th @ oRgrioimngramai & in 0 n

resedaeGonmes (F,3§L.76 3)
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Peduncle length (cm)
Peduncle proportion (%)

Axis radius (mm)
Axis area (mm’)

100 150 200 250

0 50 100 150 200 250 0 50

Colony height (cm) Colony height (cm)

Fi g3#tReduncl e and axis metrWUmiseli nhulra!| @an ¢ oinn

from Baf fA)n pBeadyuncl e preogdhtCiBmxpedunandli as,

aré&at andnecsonfi dence i aterfval sréfdasbdrde | 0 mle
regressiahiseqguatdedndep®hl| awdtasiecroy ashawre, ir
the ones not included in the statistical a
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1207 o Umbellula encrinus
* Keratoisis (calcite)
¥ Keratoisis (gorgonin)
A Primnoa (calcite, HS) .
80— 4 Primnoa (gorgonin, HS) °
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oy %o
40 A
* .
V‘ v,
O
3 -
< 0 a * s:;ige
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*
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I | I I I
1890 1920 1950 1980 2010
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Fi g8 a&€ ftdaexi a bkciovlel ect edmbel buyasaémpd ridn i o

2014 omtes (S@idn)d liemom etlatyieapveThead#flatvat hs

fr @ ceal

(She

Hudson

ot ol

NAFO

cite damdmgroa tgmidsrimsm
r wood
StraiCthahte®)Saed wdb d
i ths of

z o(nTer eObB e et al .,
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Tab3M4ed€val ueshér aarilsiovbef ect edmbel bnyaoéncrin
sampl ed. iThh & 9daaritahtee dc otroce de e gr oh mevees aag e

number of r i ng(sN=vi6s8u)a Isluyb tcroautnhteeddy e aom £ 64 4t
intermedi ate regions were estimated as the

divided by the number of regions.

Sample i RegiYear CAMS &€ N
umbel 13 Corel94617123-76. 3.5
umbel 13 Mi ddl196017123-85. 3.8
umbel 13 Mi dd197417123-83. 3.7
umbel 13 Mi dd198817123-78. 3.7
umbel 13 Midd200217123-66. 3.6
umbel eld3c Edge201417123-24. 3.8
33.3.5 Trace el ement analysis
The trace el ement anal ydi semeni onmed i n
showed t hat t he number of peaks in all f ou

rings visualalbB-®deRBi®g.mMAneda@gé trace el ement

mmokholif or Ba/ Cmmdhmifsd®dr. 9Ng/ G&) ( Tabl e

Tab3ls5e Trace el ements di sUmbieblultuloanod ma it icseu sa »

Samp Sr/ Ca Mg/ Ca Ba/ Ca Na/ Ca g?;gZRinF&gyisgf‘}(
028 1.37884-122.0. 000.6021-88. 0. 72 28 214 25
029 1.47978-126.0. 060.70 31-72. -0.72 23 21 23
0O030F 1.82559-96. «¢0. 000.60 28-58. 0. 50 31 214 25
Aver 1.79 90 0.013 36. 8 - - - -

SD 0.09 9.59 0. 03 2.69 - - - -
Ratios aAel i Falmmes$ in bold arUe0OstOsbt.i stically signif
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15/11/2013 | det [ HV WD [ HFW [mag O 1 mm
9:52:34 AM |ETD [15.00 kV[20.1 mm|2.92 mm| 102 x MUN

S 34 86 B)

90 + 25 66

585 T 76
& | | 45 54

0 500 1000 1500 2000 2500
Distance from core (um)

Fi g3#3@r owt h rMign &Ca drmd & i BUemibse [dful aA)e nCaroismsu s
section soefantdheer aSxciasnni ng EISEM) r shoMi ago S¢ Mf
transect ,sidrdowthbil erdikibgdgd ot s), and BJYg/Mga/ (pae ak s

peaks with diwsittahn cree df rdoont sc ecdoerdroetissp oshhdoiwing t o
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Tr ace el ement/ Ca ratios di d not show a

from cas1®.(Fi g.

Fi g8 @r ace el ements distri buttihaexi avditlhs do fst

thlendbel | ul @o¢mwaoiiesug samples 028, 029, and

332
























































































































































































































































































































































































































































http://calib.qub.ac.uk/calib/



http://calib.qub.ac.uk/marine/getref.php?RefNo=105
http://www.bio.gc.ca/science/data-donnees/base/run-courir-en.php
http://www.bio.gc.ca/science/data-donnees/base/run-courir-en.php



http://oceancolor.gsfc.nasa.gov/


































































































































































































































































































































