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ABSTRACT

Deep-sea corals are long-ved, slow-growing benthic animals and are generally
considered important for deep-sea biodiversily. Deep-sea corals in Newfoundiand,
Labrador, and eastem Ganadian Arclc waters were mapped using Incidentalby-catch
from mulispecies sclentifc surveys and fsheries observations. Todate(2004-2000), 44

deep-sea coral species have beendocumented, including 330ctocorals, eight

with
most species co-occuring in fishing sets. Five coral species diversityandabundance
hotspots were delineated: Hudson Staitregioin, Labrador shelf edge and siope, Orphan
Spur-Tobin'sPoint, Flemish Pass and sounlwes!Grand Banksshelfedgeandsiope
Corals are under threat from boltom tending fishing. Impacts from mobile and fixed
gears can include disiodgement, breakage, and complete removal. Although several
protected areas have been established and other candidates have been identiied.

protective measures for deep-sea coral in Newfoundland and Labradorareinsufficient
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1 INTRODUCTION TO DEEP-SEA CORAL IN THE NEWFOUNDLAND AND

LABRADOR REGION, NORTHWEST ATLANTIC OCEAN

Deep-seacorals (Phylum: Cidaria), alsoknownascold-watercorals, are vibrantly-
coloured animals that look like planisand come in various shapes and sizes. First
discovered by deep-sea expeditions in the late 17005 (Pontoppidan, 1755)theyare
dredged from the sea floor from all over the word atalldepths(Freiwaldetal., 2004)
‘The study of deep-sea corals is costly and time-consuming duetothe great depths of

research in the

increasing due to the functional role(s) they play in providing habitat for other species
and contributing towards habitatcomplexity(Robertsetal., 2009). Until ecently, litte
was known about the distribution of deep-sea corals in the northwest Atiantic wih the
‘exception of sporadic occurrences from pioneering expeditions (Moseley, 1881 ; Verril,
1885: Agassiz, 1888; Jourdan, 1895 Pax, 1932; Kramp, 1942:Litvin & Rvachev, 1963
Nesis, 1963a; Nesis, 1963b)withfewexploringNewfoundlandandLabrador waters.
(Jourdan, 1895; Litvin&Rvachev, 1963; Nesis. 1963a; Nesis. 1963b). The purpose of
ths thesis is to help fil information gaps on corals from the northwest Atlantic by fulfiling
three primary goals

1 Toidentify deep-sea coral species and frequencies of occurrence;

T Labrador, and




for national and regional resource managers

Chapter 1 Introduces the thesis and includes; wha are deep-sea corals, where they are
found, why theyareimpcrtant, andthreatstotheirexistence. Inaddition, background
information on historical occurrences will be described. Subsequent chapters focus on

basic biology of deep-sea corals, threals to deep-sea corals, andpreviouscoral

Chapter 2 addresses two goals

L Toidentify deep-sea corals; and

This chapter was presented at the 3d International Deep-Sea CoralsSymposiumin
Miami, Florida in 2005 and is published in a special edition of the Bulletin of Marine.

Science (Wareham & Edinger. 2007)

Chapter 3 provides an update on the ongaing processof identiyingandmappingdeep-
sea corals i the northwest Atlanic, buiing on the existing datasetdeveloped by
Wareham and Edinger (2007). Collectively, it wil be used to dentifyandhighiightareas
for protection within theNewfoundiand, Labrador, and eastern Canadian Arctic regions.
Chapterdwas published as Wareham (2009a) as part of Department of Fisheries and
Ocaans Ganada (DFO) Technical Report summarizing researchconducted i the
Newfoundiand and Labrador Region fitled “The Ecology of Deep-sea Corals of
Newfoundiand and Labrador Waters: Biogeography, Lie History, Biogeachemistry, and

RoleofCrilicalHabitaf (Gilkinson & Edinger, 2009)

Finally, Chapter 4 highlights progress on coral conservation todate, discusses

management strategies to identify priority areas for future protection, and outlines



challenges the Newfoundiand and Labrador Region faces. This chapter concludes with

recommendations for addressing these challenges in ordertosuccessfullyprotectcorals

Four Appendices follow the thesis. Appendix 1 provides a Syslemaic Lisl of Phylum

Baffin Island,Canadaemphasised in bold. Appendix 2 isa "user-friendly” Identificafion

Labrade Canada, in

poster format (Wareham, 200gb). | developed the poster, and itwas reproduced by

theposterisincludedona compact disk n Appendix 3. The compact disk also includes
Adabe PDFs of maps and data used in mapping of deop-56a corals published in Chaper
2 (Wareham & Edinger, 2007) and Chapter3(Wareham 2009a). Appendixd, Collection
Prolocols for Corels and Sponges for Newfoundland, Labrador, andBaffinisiand.
Canada, contains two examples of standard deep-sea coral collectionprotocolscreated

for ths thesis and utiized by DFOstaff,and regional fisheries observers (Seali/atch

There are several limitations regarding data interpretation pertaining to Chapters 2 and
3. Data used in this thesis were collected byDFOand by the Fisheries Observer
Program (FOP). Both sources sample from a varely of substrates usingdifferentgear
types. For example, DFO rosearch vessels samplo with 2 Campolon Trawl used on

relatively level sea floors and are limited to depths < 1,500m. EachDFOsurveysetis

1996). The need for

consistent tow speed and distance leadstoa bias that favours level sea floor



environments, excluding steeper siopes and canyons. On the other hand. data from the
Fisheries Observer Program are derived from commercial vessels using a variety of gear

[ d past

experience of individual skippers. Observer data incorporates many fisherles from a
variety of depths, gear classes (i.e. mobile and fixed), geartypes(e.g.shrimptrawl, twin

traw) boulders

fields,mud, orsand).Inshort, trawiable’

substrates and observer data are biased towards preferred fishinggrounds

The geographic scope of this thesis incorporates a large portion ofthenorthwestAtlantic

Labrador, g 1.1).1t

encompasses the Northwest Atlantic Fisheries Organization (NAFO) fisheries regulatory

KL 2GHJK(Labrador), andO.
Island). Data for this thesis was gathered from DFO research surveys(2003-2008), as
well as from a partnership with industry (Northern Shrimp Survey). A third important data
SQurce was from fisheries observers on board commercial fishing vessels operating
within the NAFO regulatory areas within Canadian jurisdiction

Al coral taxa recorded during the study were incorporated into the database. Based on
the Integrated Taxonomic Information System (ITIS), taxa were documented from three

subclasses: Octocoralia (;Alcyonaria), Hexacorallia(;Zoantharia), and

(sea pens) and aleyonaceans (soft corals and gorgonians). Hexacorals included

wire corals). There were no hydracoralsrecorded
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‘There are various other papers on deep-sea corals (o which | have contributed, butare

not included in this thesis. We have described methods forworking with fisheries

2007). region (Fulleret

al.,2008). associated
fishing efforts in proximity to Hanon BasininNAFOdivisions2G-0B (Kenchingtonetal..

2010; Wareham et al, 2010). We have documented the ecological importance of corals.

in and L. o fisheries (Edinger etal., 2007b), and
007a)
triphosphate and lipid y species of corals. L

20083, b)and tissue stable isolope geochemislry of 11 species of deep-sea corals flom

AtianticCanadianwaters(Sherwoodetal. 2008)

Corals are simple animals, referred to individually as polyps(Birkeland. Ig96: Ruppertet

al.,2004; Hopley, )
capturingfood,a mouth for eating, and a tube (actinopharynx orstomadem)leadingtoa

central gastrovascular cavity (coelenteron) for digesting food. Corals can be solitary

known tropical reef building varieties are found in shallower warmer equatorial waters.
They are restricted to the photic zone because they have endo-symbiotic relationships
with algae and are referred to as zooxanthellate corals. The coral colony (:corallum)
provides the substrate for algae to live in while theyphotosynthesize energy from the
sun and convert it o food. In exchange, the algae excrete metabolic waste which is

recycled as food by coral polyps (Muscatine & Porter, 1977; Hallock & Muller-Karger.



In contrast, deep-sea corals are not as well-known becausetheyare rarely seen
(Robertsetal., 2009). Mostspeciesarefoundbelowthephoticzone. Deep-sea corals.

They

depend entirely on currents and otheroceano9raphic processesto transport food o
them, lie zooplankion and detritus, which has been imported from the water column

2002 008)

food but also prevent accumulation of silt, which can smotherthepolyp(Robertsetal..

2009)

leract d Stylasteridae and two additional
Sroups(Caims, 1992; Ocafia & Brito, 2004) but were not found within the study area.

therefore are not covered . Octocorals(ClassAnthozoa: Subelass Octocorallia) include

soft corals. and pens).

distinguishable. Each polyp consists of eight tentacles al containingsclerites-special
internal structures constructed of calciic calcium carbonate (Robertsetal. , 2009)
Almost all species in this group are colonial with the exception of onegorgonian(Bayer
& Muzik, 1976). Gorgonians have a hard or consolidated internal skeleton which is
constructed of either proteinaceous gorgonin, calcium carbonate (calcite or aragonite) or

a mixture of the two (Bayer, 1973). Softcoralshaveahydroskeletonand rely on water

2001)
Similarly, sea pens maintain their shape using hydrostatic pressure but benefit from a

central internal calcareous axial rachis, for added support and movement(y

(Class Anthozoa also known as the stony corals,

an be found as colonial “reef-builders” or solitary cup corals. Most deep-sea species.



are the latter wih few exceptions (Cairns, 2007). Stonycoralsare easlly ideniified by

theireXDskeletons constructed of aragonitic calium carbonate

l also

known as the black-wire corals. Members of this group are all colonial. Polypsare
simple, containing six tentacles and lacking sclerltes. They have a unique interal

chitinous skeleton for strength and support, while maintaining flexibity. The skeleton is

Is dificut. Species
identification requires close inspection of polyps (size and structure),spinesand
skeletonmorphology(Goldsbergetal., 1994; Opresko, 2002; Molodisova & Budaeva,

2007)

Corals may be the longest living animals on Earth with some species reaching several

thousandyearsinage(Roarketal., 2006; Robertsetal. , 2009). Growthratesformany

1.1);PrimnoaresedaeformisGunnerus, 1763(Risketal., 2002; Sherwoodetal., 2006),

2005 2009),

'Desmophytium dianthus Enrenberg, 1834 (Risk et al., 2002), Hatipteris willomoesi

(Kbliker, 2002) . 1883; Vinogradov,
2000)andStauropathesarotical Otken, 1871 (Sherwood & Edinger, 2009). Al have
extremely siow growth rates and some species can surpass 100'50fyearsinage

(Sherwoodetal., 2006:Sherwood&Edinger,2009)



Table 1.1. Summary of growth rates and associated studies for some deep-sea coral

species. RG=Radial Growth; AC =Axial Growth; EA=Estimated Age; TL=Total Length

Coral Species

Growh Rates & Estimat
RG =83 £610215 +37 pm yr'

{gorgonian)

{gorgorian)
Kerabsis, [sidela, or

'AG=1
*EA=18t0100yr (2009)
LEA=<700yr(20061

RG - >20 pm yr
\G=>0 30cmyr’

EA =, g
RGR- 50160 pm yr*

RG - 53 910 75 & 1f pm yr*
\G=0.93+0 08cmyr'
EA=94:710200 2 30yr

References
‘Shenvood &Edinger, 2009
‘Sherwoodetal., 2006

‘Shenvood &Edinger, 2009

‘Shemwood &Exdnger, 2009

Keraoissomata—RG 50.1 0pm yr1
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Investigations into the histology of soft corals indicated that they too may exhibit slow
growth rates especially i early stages of recruitment (Cordes et al.,2001 ; Sunetal.
2010). For example, newly settied Drifa sp. reached only § mm linear length in 7 months,
while Duva flrida exhibited no branching of polyps in 11 months, and Gersemia

fruticosareachedonly 10 mm linear length in 7 months (Sun et al.. 2010)

115 Reproduction

Most knowledge of coral reproduction s from tropical species with very litie known

(spermatocysts) and female (oocytes) gametes located on the same colony, or

gonochoristic with male and female gametes located on different colonies. Gonochoristic

species, i ichcan develop from
internal or external fertization. Inferal ferization resuitsineggsbeingfertiizedand
developed witin the materal colony, known as brooding (Richmond&Hunter, 1990)
Extemal fertiization results in eggs being ferliized and developed wihin the water

column, known as broadcast spavning (Richmond & Hunter, 1990)

produce planula lan 1 and oocytes

tery, polYP, o

colony) (Rinkevicha

Loya, 1979). This development of gametes can occur simultaneously orsequentiallywith

Loya. 1979). Oncefullydeveloped. planulalarvaearereleased intothe water column
from the parent as mature planulae (Richmond & Hunter, 1990; Fabricius& Aldersiade.

2001)



In Newfoundiand waters reproductive biology of four species of soft corals (neptheids)

010).Drif:

internal brooder. Drifa glomerta was found (o bean interal brooderbutitis.
undetermined whether it is gonochoristicor hermaphraditic. Method of reproduction of

twootherspecies,D.floridaand G. frulicosa, wasnotdetermined(Sunetal. , 2010)

corals remain . There.

fecundity, recruitment,

esilience and resistance to damage, and rates of recovery (Robertsetal. 2009)
1.6 Where Do Deep-Sea Corals Live?

Deep-sea corals are usually found In areas with pronounced bathymetric relief such as
deep-sea canyons, seamounts, and along the continental edge. siope and rise
(Deichmann, 1936; Nesis, 1963b;Tendal, 1992; Breezeetal., 1997; Macisaacetal.

2001; Mortensen & Buhl-Mortensen, 2004; Gass & Willison, 2005; Bryan & Metaxas.

& Edinger, . 20098). In and Labrador
doep-sea corals can be found on the continental shelfandedge<200m, andonthe
continental siope between 200-2.000 m deop (Nesis, 1963ab;Gass&Wilison. 2005:
Mortensen et a, 2005; Wareham & Edinger, 2007; Wareham, 20092), with some

2008;

Substrate preferences are species-specific based on avalability of hard substrates as.
well as the physiology of individual species. Subsirates can vary from abiotic (e.g
boulders, cobbles, pebbles, and mud), tobiotic(e.g. other corals, bryzoans, sponges,

and

plastics (Wareham & Edinger, 2007; Bakeretal., 2008)



ROPOS DiveR 1072).Othercoralssuchassolitaryscleractiniancup corals (2.9

F i Fig. 1. o anchored

appendage (Mortensen etal. 2006; Wareham & Edinger, 2007; Baker etal.. 2008)



Figure 1.2. Photo of several gorgonian corals with calcified holdfasts: (Ieft) Acanella

‘arbuscula, and (right) Radicipesgracifis. Photos courtesy of DFO Canada

Figure 1.3. Photo of several solitaryscleractinian cup corals: (Iefl) Flabellum

macandrewii(Gray, 1849) taken at 361 min Desbarres Canyon, and (right) Flabellum

n Halibut Channel DFO

Most corals in and Lat were found

Table2.1). restriction to
deeper water may be due (o several environmental factors such as strong currents along

the edge of the continental slope, suitable subsirates, and constant temperature ranges.



processes (6.9

upwelling, and gyres) to deliver particulate organic mattersuspended in the water
column (Moore & Bullis, 1960; Tendal, 1992; Bryan & Metaxas, 2007), and winnow away
fine sediments (Wainwright & Dillon, 1969). Most species need suitable hard substrates
for attachment (Mortensen & Buf-Mortensen. 2005). On the Scotian Shelf, deep-sea
corals prefer temperatures that range between 3.5-13C with high temperatures most
likely limiting distribution (Mortensen etal.. 2006), although ithas been found that some

1°C 1081

Freiwald, 2002). However, the general distribution (L. onbanksvs. edge and slope) of
deep-sea corals in the New1Oundiand and Labrador region may be imitediargelybycold
water temperatures. The cold intermediate layerisa function OftheLabradorCurrent
and brings sub-zero waters (o the New10undlandand LabradorShelvesdownto-200
m(Dunbar, 1965; Petrieetal., 1992). Asa resu, this may restrict distributions to deeper
waters on the continontal slope where tomporatures are more stable and often warmer,

‘compared to bank tops where temperatures can fluctuate (Nesis1963b). Some

been found as shallow as

Edinger, 2007). This area in particular i known for strong currentswhich drain from
Arcic waters via the Hudson Strai and Davis Strait (Piper, 2005). Such large nfluxes of
cold water not only provide suitable subslrates butdeliverfoodandoxygenaswell.More
importanty. they maintain a constant temperature of cold water at much shallower

depths than other areas within the region

Bryan and Metaxas (2006) observed that Primnoa resedasformis and Paragorgia

whero optimal water temperatures ranged 5.1-9.0 %,

long with other environmental



facors. Other studies from the Scotian Shelf suggest that high temperaturesarea

limiting factor for deep-sea coral distributions (Mortensen et al., 2006). However, both

studies may ot fit the and L. gion where
more likely to bea limiting factor for coral distributions. paticularlyon bank tops «200

m: Edingeretal., 2007b)

There is anon-going debate over the relative importanceofsubstrate versus

distributions of deep-sea corals (Nesis, 1963b; Bryan & Metaxas, 2006; Mortensenetal..
2006). Cinberg etal. (1981) used annual mean temperature and substrate as predictors
of coral distributions. Nesis (1963b) linked a change in seatemperature with changes in

species assemblages, while Mortensen et al. (2006) found that substrate and

temperature are the most imp: influencing corals distributions. To what
degree specific environmental faclors such as temperature, slope, substrate, salinity.
and chlorophyli a influence the presence or absence of corals is not truly understood
Bryan and Metaxas(2007) used known coral locations and severalenvironmental
parameters to develop a predictive model for coral distributians. Howver, the
inappropriate bathymetric scale used in their model precluded defintiveconclusions

(Etnoyer &Morgan, 2007). As more environmental information becomes available and

distribution of corals

an be incorporated into predictive models and tested in terms oftheirrolative

117 Ecologicallmportance

Deep-sea corals not only live in benthic ecosystems, they are importantiunctional

components of these ecosystems. Their presence providestructure, adds structural and



biological complexity to the deep-sea, and create micro-habitats for other species
(Austeretal., 2005; Buhl-MortensenMortensen, 2005; Auster, 2007; Etnoyer&
Warrenchuk, 2007; Mooreetal., 2008; Bakeretal 2008). SpecieslikeParagorgia
arboreaare considered to be one of the most important habitat-formingdeep-seacoral
species because of s large size, reaching UptO3m i height off eastern Canada
(Mortensen & Buhl-Mortensen, 2005) and up to 10 m off New Zealand (Smith, 2001)

Dense concentratioins of corals have been referred 10 as ‘coral-gardens' offthe Aleutian

1981 2002: Stone, 2006). on
the Scolian Shelf(Lees, 2002: Mortensen & Buhl-Mortensen, 2005). and ‘sea pen fields'
off Newfoundiand and Labrador (Wareham, 20092). ‘Gardens', Torests’, and fields' refer
10 large concentrations of corals with high species iversity or biomass abundance
(Breezeetal., 1997 Watiing&Norse. 1998; Kreiger, 2001 ; Lees, 2002; Frelwaldetal.
2004; Mortensen & Buhl-Mortensen, 2005). High by-catch rates and fisheries observer
photos indicate ‘gorgonianforests’ may exist o Cape Chidley, Labrador n close
prosimity to Hatton Basin (Macisaac ot al., 2001; Gass & Wilison, 2005; Wareham &

Edinger, 2007; Wareham, 2009a;Warehametal.. 2010; Fig. 1.4)



Figure 1.4. Photos of coral by-catch from the Hatton Basin area: (eft) Prinnoa

resedaeformis entangled in a trawi et n 2007, (right) Paragorgia arborea from the

Northern Shrimp Survey in 2006. Photos courtesy of DFO Canada.

Fish utiization of such forests' as well s other coral habitats is analogous to the.
interaction between trees and birds. The physical structure (=corallum) of a large
‘gorgonian coral can dissipate energy from localized near-botiom currents (Zedel &
Fowler, 2009), providing rest areas for smaller marine lfe (Auster et a., 2005; Costello
etal., 2005). Corals also create forage areas, act as barriers between predator and pre
and provide safe havens for juveniles and egg masses (Etnoyer & Warrenchuk, 2007b;
Moore et al., 2008; Roberts et al., 2009). In situ examples of coral-structured habitats

from the southwest Grand Banks are illustrated in Figure 1.5

and abundance coral

distributions off Newfoundiand and Labrador, weak but statistically significant
correlations indicate goundfish utiize some corals, but relationships may not be obligat

(Edinger et al, 2007b). Results may be scewed by the large scale of the study area



combined with relatively small dataset (2 years). Other studies have shown stronger
results due to direct observations using gillnets (Husebo etal., 2002) and video

2005; Costelloetal., 2005; 2005)

Figure 1.5. Photos of in situ coral habitats documented on the Southwest GrandBanks
(top left) grenadier swimming within a Pennatu/asea penfield in Desbarres Canyon at
900 m: (top right) close-up of Umbeliulaencrinus (Linnaeus. 1758) colony in Desbarres.
Canyon at 1657m. Note the small mysids hovering between the polyps: (bottom right)

Acanthogorgia armata colony with a shrimp resting within anAcanellaarbusGulacolony;

2001) resting
around a small bouldercQuered with corals, including: Keratoisisornata,Anthomastus

spp., Acanthogorgiaarmata(Verrill, 1878), neptheids, andsponges. Noteinitial

curled around the base of the K. ornata colony. Pholos courtesy of DFA Canada



1241 BottomFishingPractices

fishing practices and fishing gear that come in eontaetwiththe sea floor (Probert, 1997;

Watling & Norse. 1998; Fossa etal., 2001 ; Hall-Spenseretal., 2002; Grehanetal.,

following seetion wil describe bottom fishing gear types used intheNewfoundiandand
Labrador region and discuss how each impacts deep-sea corals. 0 therthreatsare

diseussedaswell, buttoalesserdegree

Bottom fishing gear can be divided into moble and fixed-gear ciasseS. Mobilefisheries
aetively pursue the target species and ean involvelrawling, dredging, or seining (Figs
168 1.7). Fixed gearfisheriesusea sit-and-wailstrategy, where the gear i posiioned
in one location with the purpose of entanglement, entrapment, or hooking the target
species. Deep water fixed gear isheries in Newfoundland and Labradoruseerabpots.

longlines, andgillnets (Figs. 1.9-1.11)

Trawling, also referred the most widely-used

northwestAttantie (Fulieretal., 2008). Thereareseveraltypesoftrawls used i the
Newfoundland and Labrador region; otter (Fig. 1.6). twin(Fig. 1.7), triple, and shrimp

Trawiing involves the dragging ofa large net aeross the sea floor. The mouth of the net
s held open by the forward motion of the vessel combined with the spreadingaetionof
the trawl doors as wel as floats positioned along the headiine (Fig. 1.7). While the basic

principle of trawling has not changed sinee i's ineeption in e 14" eentury(March.



1953).

to operate n a variety of habitats

Figure 1.6. llustration of an otlertrawl used in the Newfoundiand and Labradorre@ion

(DFO, 1997)

roess Travh

TROUSER & TWIN
TRAWLS

twintrawl, used inthe

Newfoundland and Labradorregion (DFO, 1997)






Figure 1.8. llustrations of separator grates and components (DFO, 1997)

Trawling has been compared to ploughing a fleld or clear-cutling a forest (Watling &
Norse, 1998; Anderson & Clark, 2003). Once trawled impacted areas becomes more
homogeneous through mortalities and removal of biotic components such as large

benthic megafauna (e.g. corals, hydroids, sponges). Trawling also alters abiotic



‘components such as boulders, sand and mud-dominatedenvironments (Auster &

Langton, 1999, Hal- 0: 2005: Edingeretal.,20072). Trawl

doors can weigh in excess of one ton each and create deep furrows n soft subsirates as.
they are dragged during normal use (Roberts, 2002: Waling, 2005). It has been shown
thattrawi doors can impact and destroy certain nfaunal taxa (Gilkinsonetal., 1998)
Experimental studies caried out in eastern Canada have shown that the combined
effects of rawling can cause damage and mortality 1o epifauna and infauna (Prena etal.
1999: Kenchingtonetal., 2001 ; Gordon etal., 2003) and change sedimentstructural

properties (Schwinghameretal.. 1998)

Commercial trawing is carried outona large spatial scale with preferred fishing areas

repeatedly fished as seen on the Grand Banks of Newfoundland (Kulka & Pitcher, 2002,

DFO, 2006) 10hrs,

be vast, particularly on an accumulative basis. However. thedegreeofimpactwillvary
depending on the biota present in the area being trawled. For example, in structurally
complex coral habitats, the inital pass is the mostdamaging(Kriger&Wing,2002;
Anderson & Clarke, 2003; Rice, 2006) resulting in largequantitiesofcoralby-catch

(Probertetal., 1997; Kreiger, 2001)

Other mobille gear types such as dredges can have similar effects 0n the sea floor as

trawling. Dredges target soft sediment habitats and can damage infaunal communities
(Gilkinson et al., 2003) as well as megafauna communities (Veale et al.. 2000; Thrush &

Dayton, 2002)

Fixed gear fisheries (e.g. crab pols, gillnets, longlines) have also been shown to capture

and damage deep-sea cerals(HusebOetal.. 2002; Mortensenetal., 2005 Wareham &



Edinger, 2007). Although fixed gears are siatioary, spatial coverage can stil be
signifcant because these gears are often linked. In the Newfoundiand and Labrador
region. crab pots are linked together as a sting of baied iraps, caled sirngs’ or Tteets’,
wilh UptOS0 pols per fleet (Fig. 1.9) Impacis occur when the feetisretrieved. causing

the crab pots to be dragged across the sea floor where they can ensnarl and entangle

Figure 19, and

Labrador region (DFO, 1997)

Bottom gilnets operate under the same principle, andean becomprised of many panels
(91,6 m per panel) sirung together with up fo 70 panels perfishingse(Benjaminsetal
2008). How the net i positioned in the water column depends on thetargetedspecies
Forsemi-pelagicfishes. thegllinethangs in the water calumn like a giant wall near the
sea floor (Fig. 1.10). The top of each gillnet panel s outfited with floats (Toat fne) and
e bottom with leacope (lsa ine). In Newfoundiand and Labradorgroundfish
fisheries, some fishers set bottom gilnets with no floats, which allows the panels to
bunch together vertcally for purposes of entangling the target species(W. DeGruchy,

‘SeaWatcnLtd., personal Sept.5,2007)

Figure 1.10. Regardiess of how the netis positioned, gillnetshavebeenshownto



capture and damage corals (Mortensen et al., 2005; Gass &Wilison, 2005; Wareham &

Edinger, 2007)

T

0,1997)

Figure1.10

species.

Battom longlines are seton the sea floor with a mainlineconsistingofhundredsofbaited

bottom, and marked

hooks.

“hifyers' (Fig. 1.11).
becomes taut creating a clothes-ine effect across the bottom. Corals in the path of the.
longlinewillmostiikelybetilted, entangled, removed, ordamagedduring the retrieval
process (Mortensen etal., 2005). This is particularly significant for large gorgonian

(e branches

severed) it may become more susceptible to parasitic organisms suchashydroids, o



colonial sea anemones (Fig. 1.12), which has been ed inAtianlicCanada

(Mortensenetal., 2005; Wareham & Edinger, 2007)

‘GROUNDFISH

Figure 1.11. llustration of longline gear confi

jguration and components(DFO, 1997)

Figure 1.12. Photo of Primnoaresedaeformis skeleton encrusted wilh colonial sea

anemones, hydroids and other organisms



ltwas surprising to find how frequently corals were captured byfixed gears in the

Newfoundiand and Labrador region (Wareham & Edinger, 2007). Thisismostiikelydue
t0a higher cathabilty of corals n certain areas that are targeted by fxed gear fishers
Fixed gear fisheries operating on the sQuihwes(Grand Bankstargetareasthatare
considered ‘unrawiable’ such s stoep canyon wals and areas withrockysubstrates.
These areas have not been impacied fo the same degree as trawlable’ areas, andasa
vesult, wil most likely have a greater abundance of corals and a greater chance of

catching them

While both mobile and fixed bottom gears calch corals, the impacs of trawling pose the

benthic populations, and habitats by

and altering physical components resulting in a lossofbiodiversityandhabitat

‘complexity on a large scale (DFO. 2006)

In addition to bottom fishing practices, there are other threals to deep-sea corals.
including: hydrocarbon exploration, bio-prospecting, scientifi research surveys, ocean

acidification, submarine cables, and aquaculture activities

1221 HydrocarbonExploration

Hydrocarbon exploration has expanded since the 1980's in the Newfoundlandand
Labrador region with three production fields operating on Grand Bank; Hibernia (1979)
Terra Nova (1984),andWhite Rose (1984) oi exploration platforms (see ol fields in Fig

1.1). Exploration continues 1o expand with several projects underdevelopment



(Hebron/Ben Nevis, White Rose Extensions, Hibernia South Extensions and Garden Hill

South; and Labrador, 2010). is considered a
threat to deep-sea corals through the discarding of fine drill mud, aby-productofthe

arillng process (Raimandi etal., 1997; Colman etal.,2005). Thesemudscan

to1 kmjbefore

settling(Neff,1987) like corals

because it can accumulate on polyps and inhibit feeding (Dodge etal., 1974;Dodged.
Vaisnys. 1977; Dodge & Lang, 1963). While most research has been carriedouton
ropical corals. more recently Lophelia pertusa has been observed growing on oil
platorms in the North Sea (Bell & Smith, 1999; Roberts, 2002; Gass& Roberls, 2006),
which would indicate that some species tolerate some degree of exposure to il muds;
HOW8ver, the North Sea platforms were ot fixed o the ocean flocr, herefore, colonies
were most kel isolated from ciil cuttings which would have accumulated on the sea

"

impact soft corals which are found on Grand Bank in the vicinity of the oil fields

(Wareham & Edinger, 2007). The long-term effect of discarded il cuttings on corals is

1222 Bio-prospecting

Bio-prospecting is the harvesting of biological organisms for scientificandcommercial
purposes with thelatterinciuding; production of pharmaceutical drugs (e.g. anti-cancer),

ti facecreams). Pomponi,

University, personal communication, Dec. 5, 2005),and materialsusedinbone.

2006). to deep-sea corals.
because it physicaly removes whole or parts of coral colonies from the sea floor: but

more importantly there are no legal management regimes in place to regulate or police it



i the deep-sea. Currently, there is no offical bio-prospectingoccurring within the

Newfoundiand and Labrador region, which | am aware of

1223 ResoarchSurveys

Aless-recognized threat to deep-sea corals is the destructive nature of botiom trawis
and dredges (Jennings & Kaiser, 1998) currently being used by DFO multispecies
surveys. Duration of scientific trawis is relatively short (15 minutes) compared to
commercial traw sets (1-10 hrs) but continue to impact benthic environments. Modern
Soft-touch exploration technologies are available such as ROVs and have been used in

Canada (Haedrich& Gagnon, 1991 ; Mortensenetal., 2000; Wareham, 2009a)

Unfortunately expertse), and

funds are not readily-available

Department of Fisheries and Oceans Science Branches in Atlantic Canadahavefunded

ROV, called Remotely Operaled Patform for Ocean Science (ROPOS). Carrying out
such scientific endeavours takes years (o plan, but the outcomesare benefiial, with the.

abilitytocarryoutdiverse research ina variety of habitats inthe deep-sea (Bakeretal...

1224 Climate Change

Climate change includes global warming and ocean acidification. Global warming is
caused by greenhouse gases released into the atmosphere. These gasses create a
blanket effect, which cause global surface temperatures to fise includingmean-sea
temperatures. Tropical corals are affected when sea temperatures rise toa point at

which algae die offor 'bail out’ from their coral host; tis is knownascoralbleaching. In



the absence of the algae, corals are no longer able to sustain themselves resulting in the
eventual death 01 the coral colony (see Wilkinson, 2000). Fordeep-seacoralsthat
require stable temperatures within specifc ranges, even a siightchange in temperature
at depth could pose a serious threat, It has been shown that such changes have begun
and temperatures have risen at depths down to 700 m (Barnettetal., 2005). Tolerances

of deep-sea corals to such temperature fluctuations are unknown

Ocean acidification is another threat to calcareous marineorganisms such as corals
(Guinotteet al., 2006; Turleyetal., 2007). ltistriggeredbytherelease ollossil luel by-
products (eg. CO" SO" and NO,) and volcanic ash (CO. ) nto the atmosphere, which
bond with water partiies (o lorm carbonic acid (H,CO,). sulphuric acid (H, S04 and nitric
acid (H,NO) These acids eventually precipiate out into the oceancausing pH levels o
decrease and acidity to increase. Ocean acidity has already increasedapproximately
30% since the Industrial Revolution asa result of anthropogenic carbon released into the
atmosphere (Caldeira &Wickett, 2003; Feelyetal., 2008). Adecreasein pH causes
calcareous skeletons to erade and weaken, and as a result com promises the integrity of

2004; Orretal. 2005: 2008)

corals and increasing sea-grass production (Hall-Spenser et ai.. 2008). Il ocean

igh unknown, are likely to

amplify physiological stress's on deep-sea corals with similareffects as seen in shallow



Submarine cables are used for telecommunication purposes and are spread worldwide

2 threat to deep-sea corals because off he direct damage caused during cable laying
operations. However, fow peer-reviewed scientifcsludies havebeenwrittento
Getermine the degree of impact these cables have on the deep-sea. One study has
shown that submarine cables have a minoreffect on deep-sea organisms and can
provide a suitable hard subsirate for attachment for some species such as sea
anemones and soft corals (Koganetal. 2006). Most old cables are heavily colonized by
sessile invertobrates and may be considered posifve (Duncan, 1877:Wilson. 1979)

Other studies are needed to datermine how submarine cables impact other species of

1226 Aquaculture

Newfoundiand aquaculture operations use open-pen systems and are primarily based in
Nortre Dame Bay, Bayd EspoirandFortuneBay(FisheriesandAquaculture
Newfoundiand and Labrador, 2009). The aquaculture industry s expandingin

Newfoundiand and Labrador Region (e.g. saimon, shellfish) and maybeapotential

Newfoundiand fiords (Haedrich& Gagnon, 1991). Aquaculture operations can impact
benthic marine environments in several ways, from the pollution released into the sea as
organic waste (Grant & Briggs, 1998; Ackefors & Enell, 1990; Hargrave et al , 1993), to

the antifouling agents used on the cages which can leach toxicchemicals into the sea

00: Jat o (9. fecalwaste,and

unconsumed medicated foed pellets) directly below the pen can ereate anoxic



condiions, and asa resul reduce species diversity and biomass of benthic macrofauna
(Ritzetal., 1989; Weston, 1990). Unconsumed medicated feed pellets can be.
hazardous as well when consumed by other benthic organisms (Grant & Briggs. 1998)
Aquaclture in this region impacts primarilyshallowcoastalwaters; thereforeitisonly

considered a theatto soft corals that are found inclose proximityto the aquaculture.

Historically. deep-sea coral distributions in the northwest Allanticweredocumentedin

the 18005 at the lime of the Blake (Agassiz. 1888), Challenger(Moseley, 1881)

( 1885), 1895) expeditions. The.
Blake expedition surveyed the northeast United States. while the Challengerand
Albatross expeditions surveyed as far north as the Scotian Shelf (Verrl, 183S; Agassiz.
1888). Only the Prince Albert of Monaco expedition (1887) sampledoff Newfoundiand

(Jourdan, 18gS). Duringthisexpeditionbenthicsamplesweretaken at two locations on

documented ata depth of 1267 m: Caryophyllia communis, Vaughanella margaritata

(Jourdan, 18S). F.alabast Acanella

normani(=A. arbuscula?). At Station 162(46°S0°6" N, Soot1 48" W)onescleractinian

species, m(Jourdan, 189S)
Refer (o Figure 1.1 for map llusirating bathymetric features
On the Scotian Shelf off Banquereau Bank significant coral concentrationswerenoted

by Captain Collins(1884), a prominent fishing skipper. He would name the area The.



In the early 1900s, the

and in the LabradorSea-BaffinBasin

area from 54°00° N+ 79°00" N. Most species were documented off southwest
Greenland, withsomespeciesfrom Baffin Bay (e g. sea pens and soft corals), andone
soft coral was documented in the vicinity of Harrison Bank. offcentralLabrador(see

Kamp, 1932)

Pax (1932) mapped five occurrences ofStauropathesarclical;Bathypathes); onesouth

During the 1950s, corals were documented at several localiies on the Grand Banksbya
group of Russian scientists (Litvin & Rvachev, 1963; Nesis, 1963a; Nesis, 1963b). The
first study generated maps of seabed topography and substrates of the Newfoundland-

Labrador fishing areas (Litvin & Rvachev, 1963). Results mapped corals at the Stone

Flemish Cap, and southwest Beothuck Knoll (see Litvin & Rvachev., 1963)

The second study of the Russian expediion mapped the balhyal amphiboreal fauna of
the Newfoundland-Labrador fishing area (Nesis, 1963a).Amphiboreal fauna are defined
as species found in the Pacific and Atlantic boreal regions butnol in the Arciic. Three
deep-sea coral species were documented along the continental shelf break off

Newfoundland and Labrador, with other records from the Flemish Cap. Threespecies

Primnoa
resedasformis), and one large sea pen (i.e. Halipterisfinmarchica). Paragorgiaarborea

were mapped off Hawke Saddle, nose of the Grand Bank, Flemish Cap, and mouth of



Channel and on the southwest part of Flemish Cap. Hallteris finmarchica were
documented on Flemish Cap, and on the southwest Grand Banks near Desbarres
Canyon (see Nesis, 1963a). Samples consisted of by-catch from commercial trawls

64) from Attantic Canada (Nesis.

39), Sigsbitrawls (n=99) and bottom grabs (n=

(n=!

maps of the benthos.

andP.

Bank” and the adjacent shelfbreak and siope. Many species of pennatulaceansii.e

1850; andP

grandisEhrenberg, 1834) and one scleractinian cup coral (ie. F.alabastrum)wero
documented between 250-500m in Laurentian Channel. Sea pens (i.e. Halpteris

1851 andA. (1. P. arborea.

F. between 300-350

montheFlemishCap, break and slope (Nesis, 1963b)

In more recent years Tendal (1992) mapped new and existing recordsofP. arboreain
the North Atantic. Two new records were mapped on continental edge of Grand Bank

14 on the Scotian Shelf,and 12 along the coast of Norway. Existing distributions were

) portions ofGreenland, aswellas.

mapped offthe southwestern (n=7) and southern

Tendal

1992). Over a decade later, Tendal (2004) mapped thedistributionofStauropathes

Greenland adjacent

o southeast Baffin Island, Canada. Intotal, hemapped 18 known occurrences; off



In Canada, advocacy for deep-sea coral protection began in the 1990s in souther Nova
Scotiawhentwolocallonglinefishermen, Sanford Atwood and DerekJones, rallied o
protect corals in an area known as 'Hell Hole' located between BrownsBank, in
CanadianwatersandGeorgesBank, in United States waters (Breeze et al., 1997 Lees,
2002). It was known as an excellent fishing area with large underwater ‘rees and
“strawberry fields", later identified as gorgonians and soft corals. Together, the two

fishermen formed the Canadian Ocean Habitat Protection Society, thefirstnon-profit

they joined a
team of scientists equipped with a ROV, leading the research team 1o the location of the

first documented coral gardens in Canada (Lee, 2002)

Breezeetal. (1997) documented local fishers' knowledge on coral accurrences on the.
Scofian Sheff, along with distribution information from museum and scientific collections

‘This information was compiled into the first map of coral distributions in Canada. Majority

extending from Georges Bank o the Laurentian Channel

Macisaac et al. (2001) mapped the approximate locations of coral by-calch from
opportunistic benthic surveys and experimental sites, as well s data collected from
groundfsh trawl surveys. Data was gathered primarly from theSeotianShelfwith
sporadic occurrences mapped on the edge and siope of the LabradorShelf(.e. Saglek

Bank, OkakBank), Funk Island Bank, andonthenoseofGrandBank

Gass (2002) mapped coral distributions in the northwest Atantic usingdatafrom: DFO
research surveys. fisheries abservers and Local Ecological Knowledge (LEK) from Nova
‘Scotia and Newfoundland and Labrador fishermen. The majority of her findings were

from the Scotian Shelf, with significant contributions from NewfoundlandandLabrador



region (Gass &Willison, 2005). Coral occurrences were mapped along the edge and

slope of from

alongthe L lokBank, Okak Bank.

Northeast Newfoundiand Shelf (i.e. Belle IsleBank, OrphanSpur, Tobin'sPoint). Grand

Banks (ie. nose, tail Banks, Halibut and and

Scotian Shelf (e.g. Stone Fence, The Gully, Misaine Holes, NortheastChannel, Jordan
Basin). Wareham and Edinger (2007) used a similar methodology. However, a more
systematic approach was used and more complete fisheries observer data was.
available, resulting i a greater number of samples callected and used in this thesis (see

Wareham & Edinger, 2007; Wareham, 2009a)

Mortensen et al. (2006) mapped of deep-water
using overlapping data sources similar o Gass and Willison (2005) but added; video
surveys (see Mortensental., 2006), distributiondatafrom previous studies (Gass.
2002).datafrom literature sources (ie. Zibrowius, 1980; Kramp, 1942; Madsen, 1994)
and museum collections (e.9. Smithsonian, Atlantic Reference Centre NovaScotia
Natural History Museums). The majority of occurrences were mapped on the Scotian

Shelfwith Labrador, Balfin

2006). The largest

Species resemble underwater trees that can reach heights of severalmtres(Mortensen
&Buhl-Mortensen, 2005). Fish utiize large corals as well as othercoralhabitatsas.
feeding areas, rest areas. juvenile fish habilats, and refuges from predation (Auster,

2005;Costeloetal., 2005). InNewfoundlandand Labrador, deep-sea corals are



primarily found in areas of steep bathymelric relief primarily on the edge and slope of the.

continental shelf at depths > 200m (Nesis, 1963ab; Gass&Willison, 2005; Mortensenet

al., 2005; Wareham & Edinger, 2007; Wareham, 2009a). A suite of environmental

perature, and suitable
substrates (Nesis, 1963b; Cinbergetal., 1981 ; Bryan & Metaxas, 2006; Mortensen et

al.. 2006). importance of

Deep-sea corals are ecologically-important because theycreate habitats for other
marine organisms as large individuals oras large concentrations (Austeret al., 2005
Buhl-Mortensen & Mortensen, 2005; Auster, 2007; Etnoyer & Warrenchuk,2007; Moore

otal.. 2008) deep-sea corals,

the impact of bottom fishing gears; particularly trawling, is considered to be the greatest

threat(Probert, 1997; Watling&Norse, 1998; Fossatal., 2001 ; Hall-Spenser et al.

2005; Stone, 2006). However, changes in oceanic systems from global warming and

ocean acidification are now being documented and potentiallyhavesignificant

2004 Orretal.. 2005; Hal-

Explorations condusted in the late 1800's provided reports on deep-seacoral
distributions in the northwest Atiantic. Observation advQcacyby local fishers from Nova
Scotia provided the impetus for scientific studies of corals (LeeS, 2002), leadingtowell-
studied distributions on the Scotian Shelf(Breezeetal. , 1997; Maclsaacetal.. 2001
Gass&Wiliison, 2005). A significant outcome of this research hasbeenthe

The Gully Marine

20043), (0FO.



2002). and L 2004b). These

protection zones will be discussed in more detail in Chapter 4

In the case of Newfoundiand and Labrador region, distributions fdeep-sea corals have
beendocumentedbyearlyexploratoryexpeditions(1800's), andby preceding studies
(1963-2006). The next two chapters present geographic and bathymetric distributions.

(2003-2007) of deep-sea corals within the northwest Atlantic focusingonNewfoundland,
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2 DISTRIBUTION OF DEEP-SEA CORALS IN THE NEWFOUNDLAND AND

LABRADOR REGION, NORTHWEST ATLANTIC OCEAN

Published as Wareham, V.E. and Edinger, E.N.(2007). Distributions of deep-sea corals

Science, 81(Suppl1), 289-312

Deep-sea corals were mapped using incidenlal by-catch samples from stock
assessment surveys and fisheries observations. Thirteenalcyonaceans, two

and 11

Coralswerebroadlydistribuled along the continental shelfedgeand slope, with most

species found deeper than 200 m; only nephiheid soft corals were foundoniheshelf.

L 1758)
1763) 1878)

1878), andiwo Coral

th most co-occurring wi ios. Sciontific

survey data delineated two broad coral species richness hotspots: southwest Grand
Bank (16 spp.) and an area ofihe Labrador slope between Makkovik Bankand Belle Isle
Bank (14 spp.). Fisheriesobservationsindicatedabundantordiverse corals off
soulheastBaffinlsland, CapeChidiey, Labrador, Tobin'sPaint, andtheFlemishCap
Corals on the Flemish Capcomprisedexciusivelysoftcoral, sea penS, andsolitary

scleractinians. Most coral-ich areas were suggested inearlierresearch based on stock



assessment surveys or Local Environmental Knowledge (LEK). Currently there are no

Deep-sea corals can be found worldwide (Freiwald & Roberts, 2005),butuntilrecently

data on their distributions in the Atlantic Ocean were limited (Colins, 1884; Deichmann,

al. 2001; Gass & Willson, 2005, Watling & Auster. 2005, Mortensen et al. 2006). Within

with
attention being primarly focused on the Scotian Shelf (Breeze etal. 197: Maclsaacet
al.,2001). The continental shelf and slope of Newfoundland and Labradorhavereceived
very it attention (Nesis, 1963;Tendal,1992;Gass&Wiliison, 2005). This study

presents deep-sea coral distibution pattems and diversity datainanareathathas, up o

now, received only exploratory treatment

In Atiantic Canada deep-sea corals have beenfoundatdepths>200m primariy along
the continental shelf edge and continental siope, particularly near submarine canyons or
saddles where the shelf has been incised (Breezeetal., 1997; Maclsaacetal., 2001
Gass & Wilison, 2005; Mortensen & Bunl-Mortensen, 2005b). Such bathymetricfeatures
are considered good habita for corals because they are associated with strong currents
that winnow away tine sediment, exposing harder subsirates, and provide a reliable
Source offine partculate organic maller for suspension feeding coras (Hecker et al.

1980; Harding, 1g98). C i

congesting polyps and inhibiting feeding processes (Heckeret ., 1980). Hard
substrates are believed to be important especially to largergorgonian corals such as

B




hnson, 1862). Y h as Flabellum

alabastrum(Moseley, 1873) simply lay on the ocean floor, while Others (e.q.,

1

Deep-sea corals are slow growing and long lived (Lazierelal.. 1999; Andrewsetal
2002; Risketal., 2002; Roarketal. 2005 Sherwoodelal., 2006). and can reach heights
upto3m(Miner, 1950; Tendal, 1992 Breezeelal., 1997 Mortensen& Buhl-Mortensen
2005). Large corals increase complexity of benthic environments through their arboreal

growth and robust skeletons (Krieger & Wing, 2002);in tur thesestructurescan creale
habitat for other benthic organisms during someslages oflheir lfe history (Ausler,

2005). Large sessile organisms, however, are more suscepible 10 anthropogenic

disturbs jatling & Norse,
1998; Krieger, 2001 ; Fossaelal.,2002; Hall-Spenceretal., 2002; Thrush & Dayton,

2002; Anderson &Clark,2003). The Northeast Newfoundiand Shelf, soulhem Labrador

trawling, (Kulka & Pitcher, 2002). As shelf stocks were depleted, fishingeffortshiftedto

p on the siope, wilh deep-water
ecosystems(Koslowetal.., 2000)

‘The goal of this chapter is fo map the distribution and diversity of deep-sea corals off the

Labrador, Island

from scientiic surveys and fisheries observations aboard commercial vessels. General

information on the distribution paUernsofdeep-sea coralsandtheir diversity in the

region i limiled. they have been

the and Lal gion is unknown. This study



‘and depth ranges of individual coral species and highlights areas with high diversity and

The study area in questlon encompasses the continental shelf and slope of the Grand

FlemishCap.L

DavisStrait the growing

information on deep-sea corals (Cairms & Chapman. 2001 ; Gass&Willson. 2005

Coral data was gathered opportunistically from three sources. commencing in 2002 up o

(DFO)

Multispecies Stock Assessment Surveys covered ceniral and southernLabradoraswelt

Northem Shrimp Stock Assessment Survey. co-sponsored by the Northem Shrimp.

Labrador. Observations from the Fisheries Observer Program (FOP) were the third
SQurceofdata, and cDvereda broader area, extending from Baffin Basin 1o the Grand
Banks and Flemish Cap. Each data sDurceencompassed different managementzones

and incorporated slightly different sampling techniques. Therefore. each source is

231 Multispecies Stock Assessment Surveys and the Northern Shrimp survey

Department of Fisheries and Oceans multispecies stock assessment surveys (2002-
2006) consisted of an annual spring and fall survey aboard theCanadian Coast Guard

Ship (CCGS) Wilfred Templeman. and the CCGS Teleost. Survey tows followed a



random straified survey design and covered NAFO (Northwest AtlanticFisheries
Organization)divisions2HJ (southern Labrador), and 3KLMNOP(northeast-southern

Newfoundiand, and The Grand Banks) (see McCallum &Walsh, 1996). The CCGS

1.500m used in
the study were equipped with a Campelen 1800 shrimp trawi with rockhopper footgear
tight rubber disks (102 x35 em diameter) with spacers along thefootrope. The16.9m

wide net had four panels constructed of polyethylene twine: wing panel 80 mm mesh

mesh size wih a 12.7 mm iner i the cod end (c! McCallum &Walsh, 1996). Tow
Guration was 15 min. at 3K. (2 1 kL); average tow length was L4 km (0.78 n.m.), and
tows were conducted along a consistent depth contour. The area swept was calculated
by mulplying net wing span by tow distance for an average swep! area per {ow of 0,025
k' (0.0073 nm.) The tola area that can be surveyed byDFO peryearforallNAFO
aivisions In the region was 690,676 k' However, not all NAFO divisions were surveyed
each year: ivsions 2 and IKLNOPweresurveyed in each year from 2002-2005,but
not consistently: divisions 0B and 2G were surveyed in 2005, division 2H was surveyed

in 2004 invertebrate by-

catch. Individual coral species were assigned a numericalcadewith the exception of
pennatulaceans, which were grouped. Al suspected corals were assigned a species

code, bagged. andfrozen. Fisheries and

Oceans technicians and scientific crew were provided wit coral dentificationguides
produced by the Bediord Instlute of Oceanography and the authors. Training workshops.
for DFO crew and fsheries observers were organized byin 2004 and 2005 by the
author. All specimens were forwarded to Memorial University (MUN) and identified by

the authors using gross morphology (shape, size, hardness, colour, and



assumed lobe almoslalways recovered bylhe RViechnicians, and lack of coralsina

given set was interpreted as absence of coral in that sample



Figure 2.1. Deep-sea coral specimens collected off Newfoundland, Labrador, and Baffin

8) Csea

Island. O A)
6)

dis;F.) Umbellulalinds

lasp.(?); E JPennatula

pensp. 6(2);0.)Pennt
Halipteris finmarchica; H.) Anthoptilum grandifiorum; 1) Funiculina quadrangularis. Order
M,

Aleyonacea: J.
L)

n. (2)ip.
w. X

o

Gersemia rubiformis; ) Capnella florida. R.) Order Anlipatharia (7). Order Scleractinia
S.) Desmophyllum dianthus; T.) Flabellum alabastrum; U.) Dasmosmitia lymani: V')

Vaughanellamargaritata. Note:(?) =speciesnot confirmed



232 Fisheries Observer Program

Fisheries abservers are deployed aboard Canadian and foreign fishing vessels and are
responsible for moniloring compliance to fisheries regulationsand for the callection of
Scienific and technical data related to fishing operations (Kulka&Firth, 1987). Fisheries
managers and scientists use these data to manage and studyfisheries. Observersare
doployed in most fisheries in the ragion covering a broad array of depths extending from
Bafin Basin o southern Newfoundland and Flemish Cap. Prior to coliectingcorals, all
observers were equipped wilh the same identificationguidesastheRVtechnicians, and
participated in coral identifcation workshops in 2004 and 2005 orgarized by the authors

Coral data were collected between April 2004 and May 2006, Observercoverageatsea

gear type and
NAFOdivision. Sampling protocol reauired each observer (o submitat least one sample
of each coral speciesencQuntered on each trp, and 1o record all other occurrences of
each coral species on setlcatch data sheats. Samples and records were tracked to
assess accuracy of data from each observer. Coral distribution data from fisheries
observers presented here include identified samples and records that could be
compared wilh an ideniified sample previously submited by the individual observer
reporting the record. Data from fisheries observers had several imitations. First,
distribution data from observers were biased by fishing effort. Second. unliketheRV

surveys, n tow length, gear

type, and search time. Finally, observers may not have had sufficientsearchtimeto
locate al coralswithinacath. especialyin high volume fisheries such as shrimp. Given

these limitations, observer data were treated as presence, butnotabsence, of coral



233 Definition of Coral Species Richness Hotspots and Abundance Peaks

Goral species richness hotspols were identified qualtativelyinthescientificsurveydata
as areas wilh higher species richness per tow than surroundingsets. Observerdata
were ot used to identity coral spacies richness hotspots, but wereused to describe the
range of individual species. and (o characterize coral distributions In areas not covered

by the scientific surveys

234 Mapping of Deep-sea Coral

Data from research surveys (Multispecies and Northern Shrimp Surveys). and samples
and records from observers were combined into a master database and mapped in
Mapinfo Professional 8.0 Software. Bathymetry data was provided by General
Bathymetric Chart of the Oceans (GEBCO. 2003). Distribution maps wers verified
visualy for accuracy and crosschecked with data points plotted onCanadian
Hydrographic Service bathymetry charls. Any discrepancies were investigatedand

adjusted appropriately

241 y

Thirty-five research surveys carried oul between December 2002 andJanuary2006
wereexplored:2002(1), 2003(2), 2004(10). 2005(1g). and2006(3). Thirty-four
multispecies surveys yielded 1.968 tows from NAFO divsions 2HJ and SKLMNOP. One.
Northern Shrimp Survey yielded 227 tows from NAFO divisions 08 and 2G. The total
area sweptwas 52.75 k', or approximaely 0.00685°% of the survey area. NAFO
divisions 3Pn (2002 only) and 3Ps (2005 only) were the onlydivisions within the region

in which surveys covered > 0.01 % of area within the time frame of this study. One area



wasnotadequatelysurveyed. a small area adjacent to Hudson Straitn the Labrador
Sea (-61-20'N, 63-00'W). Il was excluded because ofihe high probabilityofgear
‘damage due to rough substrates and the reported concentrations of large gorgonians.
(e.g.. P. arborea, P. resedaeformis) found in thisparticulararea(D. Orr, DFO, personal
communication, Oct. 2006). In total, 976 coral specimens were collected from 622
scientific survey sets that caplured al least one coral specimen perset. SeeTable2. 1
fora summary of each species frequency, mean depth and range: Notenephtheidsoft

corals are represented by

forrnofnephtheid, which has yet to be identified. ParamuriceaplacomusandP. grandis

butsome

a second growth form ofanlipatharian assigned Bathypathessp, has not yet been
determined, partlydustouncertaintyinthetaxonomyofthisgroup. Sea pensd. 6, and
12 arelhree distinct forms yet to be identified; sea pen spp. refers o pennatulaceans too

poorly preserved 10 be idenlifiable beyond order






From January 2004 to May 2006 fisheries observers documented 1,304 coral

region: 397
occurrences were from submitted samples and 907 were from records only (Table 2.1)

The Greenland . 17g2)fishery

had the highest frequency of coral by-catch (n = 677) and fished the deepest depths

slope (Table
2.2). Fishing effort was concentrated In deep waters off the south-eastern slope of the
Baffin Island Shelf, southeast Labrador siope, the Northeast Newfoundiand Shelf, and in
2 deep water trough on the Northeast Newfoundland Shelf called Funk Island Deep (see.
Chapter 1, Fig. 1.1 for bathymeric features). Mobile gear used in this fishery included
Otter trawls (1 net) and twin trawls (2 nets), with the main difference between these
being the number of nets hauled per vessel. Fixedgearwasalsoused, bottomlongline

andgilinet, but mainly off the southwest Grand Bank,inareasunsuitablefortrawling

The northern shrimp (Pandalusborealis Kroyer. 1838 and P. monlagui Leach, 1814)

fishery had the second highest frequency of coral by-cateh(

26) with effort
concentrated on the Labrador Shelf edge (average depths 349-415mdependingon
gear type; Table 2.2). Three trawl types were utlized: shrimp, twin, and triple rawls

Mandatory Nordmore Grate by-catch reduction devices (22 mm - 28 mm bar spacing)

were used In conjunction with each gear type to help reduceby-catchofmobilespecies

redirected out through an exit door in Ihetop panel of the net



Both the shrimp and Greenland halibut fisheries deployed multiple gear types but only

Overall,mobile gear captured 943
coral occurrences (samples and records), comparedto 3630ccurrencesbyfixedgear
(Table 2.3). The Otter Trawl had the highest frequency of coral by-catch(n:636)ofall
gear types. Other fisheries in the region captured corals as welland are summarized in
‘Table 2.2. Further analysis of coral by-catch patterns among directed fisheries and gear

types will be published separately

Tabl i . i

April 2004 and
January 2006, Note: GN:gilinet, LL:longline, CP = crab pot, OT = Ottertrawl, ST:

Target Species Average  Corals
Depth  Captured
Fished
. — Frxd = (m) #
Skate (Reja spp.) GN 439 2
hite hake (Urophycis tenuis) GN 218 6
or a7 189
Yellowtailflounder ;2145 forrugines) or 65 18
Allantic halibut m P P
Snow crab (Chi tes opili] cp 399 128
GN 331 2
Angler, monkfish (Lophiusamericanus) Hot 59
GN 995 140
Greenland halibut o 070 Vi
™ 889 [}
Shiimp. ST 415 102
(Pandalusborealis, P. montagw) had 349 Eil]
fuad 365 EE)




Table 2.3. Summary of coral frequencies by species, targetfishery, gearclass, and gear
type; data from fisheries observations documented between April 2004 and January

2006, Note: GN = gillnet, LL = longline. CP = crab pot, OT = Otter trawi, 5T = shrimp

Gear frequency
Fixed RS2 R O S

Capnolia florida 32 7 74 e 4 - 9%
b T2 21 1 2 16 6 - 142
Neptheids 1.3
Anthor = a1 e
Prim = N S T T ]
P: arbo - 0 6 - - 19
E— P ——
: a
o L

FRT
Antipatharia B A7 - 3 35
Flahellum slaF: . T— E—1

1

3

Vaughanola margariata
Pannatulacea

Ha ool bzl
3
B

Sublotat 12 102192 13 1304
. 128 w2l

2.4.3 Deep-Sea Coral Distribution and Diversity Patterns

Twenty-eight deep-sea coral species were identified i the region, withtwoadditional

forms represented that have not been identified to species level. I total there were 13

I two four solitary a1t

(Table 21 Figs. 2.182.3)

The order Alcyonacea was subdivided into three informal groups: soft corals with polyps

contained in

without a consolidated axis (Bayer, 1981). SeeFigure2.2foralcyonaceandistibutions
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fisheries observer data (FOP) 2004-2006
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Soft corals consisted of one aleyoniid (AnthomastusgrandifiorusVerrill, 1878)andat

least two nephtheids Ehrenberg, 1834; 2

1869), however, athirdnephtheidspecieswassuspected. Because of uncertainty in

Nephtheids(n= 898) had the highest frequency of all speciesdocumented. Gersemia

ig. 2.1X),
on the continental shelf(n =308). Depth for this species ranged betweend7-1.249m
with average depths < 174 m. Individual colonies were < 5 em high (when frozen and

tracted),

attached to pebbles, broken shells, and live gastropods

Capnella florida (Fig. 2.1Y)was mostly found in deeper waters on thecontinentalshelf
edge and slope (n = 499). However some samples were captured in shalower waters on
the shelf. Depth fortis species ranged betweend7-1,404mwithaveragedepths>
444 m. Individual samples were massive bodied colonies < 15 em high, with muliple
branches that terminated In clusters of non-efractable polyps.Coloniesweremostly

black with some variations of brown and beige. Attachedsubstratesconsistedofmostly

Anthomastus grandiforus (Fig. 2.1W) was found only on the shelf edge and siope of the

Newfoundiand(

5). The depth of this species ranged between 171-1,404mwith
average depths> 821 m. Most individual colonies, when coniracted, were < 5 cm high
characterised bya capitulum that had long polyp tubes and large polyps extended from

the cap. Individual colonies were supported byasterie basalstalk that was observed



o was observed

Seven species ofgorgonianswith a consolidated axis were recorded:Acanella

P, P.grandis

Verrill 1884) 3

1883). Most of these species have large (>30 cm)fan-like skeletonswiththeexception

of A arbusculaandR. gracils, which were usually smaller

Acanella arbuscula (Fig. 2.1M)had the highest requency of al gorgonians(n=318)
with concentrations on the shelf edge and slopeofsoutheastBaffinisiand. Hawke
Ghannel Funk Island Spur, and southwest Grand Bank (Fig. 2.2). Depth of his species
ranged betwoen 164 - 1.433 m with average depths> 822 m. Individual colonies were
usually < 15cmhigh, red bushlike andsupportedbyadistincllybandedstem with
calcareous rootlike base. Polyps were located atoppositeanglesonbrittiesegmented

branches. Colonies wore usually damaged and captured in multiplos with soveral tows.

acquirings0-100individualcoloniespertow.

Acanthogorgia armala (Fig. 2.1K)had the second highestfrequencyofthisgroup(n=

Tobin'sPaint, and

71-1.415mwith

13m. haracterised by
dense yellow-beige branches with long narrow polyps that have crown like tips. Many.
sampleswerecQuered with juvenile gooseneck barnacles, and seallops. Aswell two

samples were attached to two separate K. omata colonies

Paramuricea samples are believed o beP. grandisbased on spiculeanalysis, butP

9.2.1N; hadth




on the

continental slope off the LabradorShelf- NortheastNewfoundland Shelf, andthe
continental siope off the southwest Grand Bank. One sample was captured as far north
as the Hudson Strait and a second sample was captured as far south s the tail of the.

Bank. Depth for this genus ranged between 152 -1,415 m, with most samples recovered

shaped in one
plane, and ranged from 20-85 cm in height. Polyps were short, round, and compressed
o the branch. All specimens were black wih the exception of one vividorangesample

photographed-1 hr. aftercapture(Fig. 2. N). Samples were seldom observed with a

substrate attached even though present. Several

ormata base. The age of this K. ornata colony was likely 1o be several centuries, based

on known growth rates of Keratoisis sp. from the famiy Isididae(Roarketal., 2005)

Primnoa resedaeformis (Fig. 2.1P). for the most part, were not widely distributed (n

28). Most were found off Saglek Bank, with five other samples documented on the north

162 - 1,157 m with average depths> 402 m. Two specimens on Saglek Bank were
captured at depths of 162 mand 165m; the remaining colonies occured at slope dephs
down to 1,157 m. Incividual colonies ware < 35 em i height and wer charactarized by
dense downward-directed yellow o pink polyps covering a rgid dark brown skeleton

Cross sections of the stem revealed concentric growth fingsalteratingbetweencalcite

andgorgonin 2002 2005).
resedasformis skeletons were not mapped, the largest being = 35 om from the base to

the truncated tips of the branches



between 195 - 1,262 m with average depths> 491 m. Individual colonies were < 50 em

with the majorty of the samples submitted being either fragments of the original colony
or large masses that were severely damaged in rawis. The skeletons are rigid and
characterized by thick white calcified branchaswithproteinaceousinternodes. Polyps
ranged in density from thick mats to sparse polypsona predominantly bare skeleton
One rare intact sample, captured bylonglinegear, had manyassociated species
encrusted on the axis or altached among the branches. Mostotable species were the

ianA.

21
26). Depth of this species ranged between 384-1,419mwith averagedepths>981 m
Individualcolonieswere <B0cm in height and consisted ofasingle cofled or wisted
irdescent axis. Polyps were sparse but evenly spaced on the stemandtheentirecolony

was supported bya calcareous root-likeholdfast

“The final group belonging to thealcyonaceans s the gorgonians that lack a consolidated

axis.

27) were clustered In an area adjacent

(ars, 1856). Paragorgiaarboreaf(Fig. 2.10)(

sporadically distibuted off Cape Chidley, Funk Island Spur, and the Grand Bank siope
Depth of this species ranged between 370-1,277muwithaveragedepths >461 m. Most
samples were small, fragmented pieces « 25 em); no whole intact colonies were
collected. Polyps were usually relracted inside bulbous branch tips. Samples were red,

yellow-beige or salmon coloured. One particular set from the northern shrimp survey



captured 50 kg ofP. arboreafrom an area adjacent tothe Hudson Strait(61"

2N
61°10W). The subsample was forwarded to DFOand consisted ofa largelaterally
compressed midsection of the main stem (25 cm in length and 11 em in diameter) and
Soveral branch tps. Anthothea grandifora (Fig. 2.1L) had onlytwo small samples
submitted from RV surveys; one sample flom off Cape Chidley, Labrador at 528 m and a
second sample from the Funk Isiand Spur at 918 m. Both samples were identified using

polyp morphology and sclerite descriptions (cf. Verseveldt, 1840; Miner, 1950)

The order Antipatharia (Fig. 2.1R1)was represented by two species, Stauropathes
arctica(LOtken 1871),andprobablyBathypathessp. (S. France, University of Louisiana,
personal communication, Dec. 2006). The majority of the samples were from observers.
with only two samples from scientific surveys (Fig. 2.3). Antipatharians were widely
distributed on the continental slope in deep waters from BaffinBasin to southwest Grand
Bank(n= 37). Three clusters emerged: southeast Baffin Basin (north of Davis Strait Sil)
southeast Baffin Shelf (south of Davis Straitsill). andonthesouthwest slope of the
Orphan Basin (Tobin's Point area). Depthofthisspeciesrangedbetween745-1.267m
with average depths> 1027 m. Two growth forms were observed among samples:
arctica(Pax, 1932; Opresko, 2002) with an open-branched skeleton (Fig. 2.1R2), anda

compressed * form referred o as Fig.2.1R). The

largest antipatharian recorded was 45 em long x 30 em wide x 15 cm high specimen of

the tumbleweed form, captured at 1,013 m off Flemish Cap

The order Scleractinia was represented by four solitary cup corals: Flabellum

alabastrum, 1895), and.
Dasmosmilia lymani (Pourtal s, 1871). Cup corals were distributed along the continental
shelf edge and slope with concentrations off the southwest Grand Bank and southeast

Baifin Island (Fig. 2.3)



Fiabellum alabastrum (Fig. 2.1T) distributions were clustered offthe Southeast Bafin

‘Shelf, FlemishCap. 1) other

‘Shelf. Depth ranged between218-1 433mwithaveragedepths > 629 m. Flabellum
alabastrum samples were idenified by the corallum and compres sed calice (cf. Caims,
1981). Vaughanella margaritatasamples (n = 4) were documented off the Southeast
Baffin Shelf and east of the Hopedale Saddle. Depth of this species ranged between

1,163 -1.320 mwith average depths > 1,199 m. Three samples with multiple specimens

targeting Greenland halibut off the Southeast Baffin Sheff. Onespecimen, missing a

holdfast, was captured ina R¥ survey east of the Hopedale Saddle (Fig. 2.1V)

Desmophyllum dianthus (Fig. 2.1S) samples were submitted only by observers (n = 2)
Both samples were from the southeast Grand Bank; one sample was captured at 1,052
m by bottom gilnet gear and the second sample, which was attached to a K. omata

included in the dataset, was captured by a gilnetat 1,125m offthe Southeast Baffin

Shelf. Dasmosmilia lymani (Fig. 2.1U) was only documented once off the southwest

T ig. 2. 1 species of sea pens. Nine
were identified: two have yet to be identified to the species level. Pennatulaceanswere
distributed along the edge of the continental shelf east of BaffinBasin, offsoutheast

Baffin Island. Tobin'sPoint, Flemish Cap. and the southwest Grand Bank(n = 577; Fig

23) of sea pens was found Species




were found a depths between96-1,433m. Individual colonies varied in size between

10-80cm. Specimens were identiied bypeduncie, rachis. and polyp morphology (¢!

Williams, 1995; 1999). 1879, Fig. 1H).
h
(sars, 1851). 1766), and

(ENrenberg, 1834; Table 1). Numerous samples of H. finmarchia were observed with
commensal sea anemones Stephanaugenexiiis(Verrll, 1883) firmly attached to the
rachis(cLMiner, 1950). Samples that were damaged beyond identification to genus.

were grouped as "sea pen spp.’, as were observer records of sea pens.

Based on maps of scientific survey data, two coral species richness hotspots were
identified (Fig. 2.4-2.6). The first hotspot (Fig. 2.5) was situated on the Labrador

57051

(52°00'N, 51°00'W). T! 2.6)was
Bank and tail of the Bank (- 42°50' -45°10N, 49°00" -55°00'W). Both areas had higher
species richness per low than sets surrounding them and higherfrequenciesofscientific
survey stations containing corals than surrounding areas. Southwest Grand Bank and

tail of the Bank had the greatest species richness (16 spp.).with ninealcyonaceans, five

pennatulaceans, and wa scleractiniansrecorded. Makkavik Bank-Belle Isle Bank

hotspot (14 spp.) had and

survey data

ranged between zero and 11 species per set with only two sets capturing nine or more.



CANADA

Figure 2.4. Coral species richness per setin scientiic surveydata. Mostspecioseareas
were; A} Makkovik Bank-Belle Isle Bank, and B.) southwest Grand Bank. Distribution of
coral rich areas from DFO survey data and fisheries observer data: C.) Southeast Baffin

Shelf-CapeChidiey, D) FunkislandSpur-Tobin'sPoint, andE.) Flemish Cap
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Figure 2.5. Coral species richness per set in scientiic surveydata and coral occurrences.

by Order from fisheries observer data for Makkovik Bank-Belle lsie Bank Hotspot
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Figure 2.6. Coral species richness per set in scientific survey dataandcoraloccurrences.

by Order from fisheries observer data for southwest Grand Bank and tail of the Bank
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Figure 2.7. Coral species richness per set in scientific surveydataand coral occurrences

by species from fisheries observer data for Southeast Baffin Shelf -CapeChidiey
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Figure 2.8. Coral species richness per set i scientiic surveydata and coral occurrences.

by species from fisheries abserver data for Funk Island Spur-Tobin'sPoint
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Figure 2.9. Coral species richness per set in scientifc survey dataandcoral

Distribution maps presented contribute to the growing knowledgeofdeep-seacoral

distribution Labrador, and Island

four solitary scleracti and 11
pennatulaceans were documented. Corals were more widely distributed on the.

continental edge and slope than previouslythought, butonlynephtheids were found on



top of the shelf. Only ahermatic corals were idenified with nooccurrence of the reef

building L ) Fence

WAlison, 2005; Morlensen etal., 2006). This study documented hundreds more unique
records than previously known, and with much more complete and systematic data

coverage than was previously available. Many of the coralrich areas i this study were
identified previously by Gassand Wilison (2005). Their esults partially overlapped with

the findings presented in this study off Cape Chidley. NortheastNewfoundlandShelf.

251 Distribution of Hotspots.

Coral species richness hotspots were identified in two distinctiocations(Figs. 2.5&2.6)
The hotspot on the southwest Grand Bank and tai of the Bank had the greatest species
fichness with 16 coral species documented . The topographyofthis area is complex with
steep slopes, and numerous canyons. The area is most liely influeneed by warm
Labrador slope water (Haedrich & Gagnon, 1991). Previous reports from fisheries
observers and local fishers indicated thepresenceofcoralsinthis region, but very ltle

data from scientifc surveys had been documented (Gass & Wilison, 2005; Mortensen et

al., 2008). ige and slope of
the Labrador Shelf from Makkovik Bank to Belle Isle Bank. It spanned thegreatestarea
and included 14 coral species. Most corals were concentrated on the shelfedge and
slope with someneptheid soft corals on the bank tops. Acanellaarbusculaandsoft
corals were the most abundant species, as both dominated the Funk Island Spur along
with several species of sea pens (Le., A grandiflra, P. phosphorea, andP.grandis)
Rare species were documented in this area, with one occurrence af

A. grandifioraoffihe Funk Island Spur at918m and one occurrence of V. margaritataat

1.320moff HopedaleSaddle. Jourdan (1895) reported that V.margaritata






Gape Chidley, based on only one year of survey data. This area was not identified as a

biodiversity hotspot in the lysis, but recent

suggest high coral abundance and intermediate coral biodiversity. HighdensitiesofP
resedaeformis were documented off Cape Chidiey by Macisaac et a. (2001) and Gass

nd Willson (2005). The area immediately east of Hudson Stait (-61 20/N, 62°30W)

Nonetheless, the largest samples

submitted for this study were collected from the outer edges of this area with many large

(Gassawi

son, 2005). Sets from the 2006 Northern Shrimp Survey 2006 captured up

mostiyP. andP. arboreaina
area (Wareham etal., 2010). The Hudson Stait region is influencedbystrongcurrents
and high nutrent flows from both the Labrador Current and Arcticwatersdrainingfrom
the Hudson Stait (Drinkwater & Harding, 2001). Observer samplesand records of A

arbusculawsre most numerous off Southeast Baffin Shel. This area is intensively fished

andfishers’ LEKwere previously documented off southeast Baffin Island (Davis Strait)

and Cape Chidley(Macisaacetal., 2001 ; Gass & Willison, 2005)

Tobin's Point, off the Northeast Newfoundland Shelf s intensivelyfishedforGreenland
halibut, shrimp, and snow crab (Chionecatesopilio Fabricius, 1788). The coral species
reported there were dominated by Capneltafiorida, sea pens, andantipatharians

Flemish Cap had mostlytheneptheid C. florida, sea pens, thescleractinianF.

labast Numerous; 1), possible.
juveniles, were documented on the northeast side of the Flemish Cap (Wareham, 2009)
but were not documented within the time frame of this study. Flemish Cap was not

covered by Canadian scientiic surveys, so coral distributions were derived from



observer data only. The clustering of corals on the north side of Fiemish Cap may be an

artefact of ishing effort, which was concentrated on it smooth north side. The south

buthas had relatively littie
‘sampiing effort to date. In general the top of banks had the lowest coraldiversilywith
only nephiheids present. Most corals are probably incapable of colonizing the 10p of
banks due to limited hard substralesandcold lemperaluresatshallowerdepths in this

location (cf. Mortensen etal.. 2006)

253 Substrates of Coral Biodiversity Hotspots and Other Areas of Interest

Information on surficial geology has been sparse and limited toSovietfishing
investigations by Lilvin and Rvachev(1963), andhighlygeneralized maps of surfcial
geology of the conlinenlal margin ofeaslern Canada focusing onthe bank-tops (Fader &

Willer, 1986 Piperelal., 1988).

The Grand Banks of Newfoundiand (Grand,Whale, Green,&St. PierreBanks) are

nd dominates the bank

top, wilh gravel, shel beds and muddy-sand patches Ihroughout(Fader&Miller, 1986)
o

slope progressively change with depth from sand-mud to mud (Litvin&Rvachev, 1963;

Flemish Cap and Flemish Pass are located in inlernationalwatersjusteastofGrand

Bank. Flemish Cap isa dome shaped plateau ranging from /50-350m deep. Cap.

mud and boulders on Iheslope; mud is predominant al slopedeplhs > 1000 m(Lilvin&



Ruachev. 1963). FlemishPassisa 1,200 m deep troush that separates the FlemishCap.
from the Grand Bank. Flemish Pass is strongly influenced bytheLabradorCurrent
Substrates in Flemish Pass consist mostly of sandy mud with some pebbles and stones
(Litvin & Rvachev, 1963). The Northeast Newfoundland Shelfincludes Funk Isiand Bank,

Funk Island Spur. and Tobin's Point. Substrates abruplly change from sand on top of

Funk Island

Island Spur at >1000 m (Litvin & Rvachev, 1963). The Labrador Shelf extends along the.

1988). Sand

substrates dominate southern bank tops with scaltered pebbles andgravel; slope

composilion changes rapidly with depth from muddy-sand to sandy-mud to mud. Hawke

sandy-mud on the saddle slope towards the shelf edge (Litvin & Rvachev, 1963). There

is litle information available on siope substrates north of Harrison Bank on the Labrador

254 Comparison with Local Ecological Knowledge.

Many of the coral areas identified byfishers' LEK(Gass &Willison,2008)were
confirmed with scientific survey and observer data in the current study.Nonetholoss,

several important differences emerged. First, current data suggest there are much more

corals than indicated from LEK. Second, thesouthwestGrand Bank and tail of the Bank
hotspot,identified i the current study as an area of high species richness and coral
record density, was much less prominent in LEKdata orin previouslyavailablescientific
Survey data. These discrepancies between studies maylargelybea result of more

complete scientifc survey sampling efforts throughout the Newfoundland and Labrador



region. In the current study the lack of large gorgonian records o1 the southeast Grand

f corals due to

Bank,
trawling impacts. Evidence of deleterious effects on deep-sea corals by mabile fishing
gear (e ., trawis) has been published in detail (Watling & Norse, 1995:Austera

Langton. 199; Fossaetal., 2002: Hall-Spenceretal. 2002; Anderson&Clark, 2003)

with limited

atlention 1o impacts on deep-sea gorgonians(Krieger, 2001; Mortensenetal., 2005,

Stone, 2006). In the current study. mobile gears captured more corals than fixed gears

and, ingeneral,
and 10 b/ tow, thus making the precision of coral Iocaites from observer data highly
variable. Allhoughthedeep-sea coral clusters recognized byfishers have persisted
despite a long history of intensive deep-water raw fishing inthe region (see Kulka &
Pitcher.2002) there s il information on changes in abundancesofdeep-seacorals

through time (Gass & Willson, 2005)

A variety of sessile invertebrates were observed growing commensally on deep-sea

invertebrate diversiy of corals & Mortensen, 2005),
gear (e . longline andgilinet) have contributed manyintactcoral assemblages, or

groups of coral livng together. For example, two colonies of A. armara were found to be
attached totwoseparateK. omata colonles, one of which also included the scleractinian

forus and A

D. dianthus. Anotherk.
armata attached. Many observations of gooseneck bamacles, scallops, seaanemones,
and echinoderms, all in juvenile stages, were atiached (oK. omata. Manynephtheidsoft

corals were observed attached to living gastropods. Theseobservationssuggestihat



hard substratos may be limited in some areas, and emphasize the important contrbution
that large corals can make lowards creating and sirucluring deep-sea habitat, including

habtat for other deep-sea corals. The nature of associations between corals and fish are
difcult o determine in trawl survey data because fish and coralsmayhaveco-occurred

n the same. any direc! biological 2001)

“The findings reported here complement eariier work (Gass &Wilison, 2005), and

provide specifc information on deep-sea coral distribution anddiversityintheregion
However, caution must be exercised when interpreting these results for two reasons
First thedala resulted from only three years of sampling, wilh only one year of scientific
sampling in northen Labrador and IneDavis Sirait-with sampling gaps in scienific
data. Second, he distribuion dala from fisheries observers werebiasedbyfishingeffort
Goral conservation is a faiy new concept in easter Canada. Three areas wih unique
features including very high densites of corals or unique speciesoccurrenceswere
established on the Scotian margin 10 help prolectoorals: the NortheastChannelCoral
Conservation Area (2002), the Slone Fence Lophelia reeffisheriesclosure(2004), and

The Gully Marine Protected Area (2004; Breeze & Fenton, 2007). Coralsin

and L. ly widespread along the continental
edge and slope. Hence a network of representative areas would bethe most appropriate

conservalion approach (ci. Fernandesetal., 2005)

Twenty-six ahermatypic deep-sea corals were identfied offNewfoundiand, Labrador,

and tly seapens.

Corals were widespread along the conlinental edge and slope, withonlynephtheids.



oceurting at shelf depths. Two regions of coral holspotswithhighspeciesrichnesswere:
dentiied using scientifc survey data. When fisheries observer data were used in
conjunction with survey data, other areas with high coral occurrencesemerged, butmay
have been biased by distibution of fishing effort. Al areas identified n this study, with
the exception of Flemish Cap. were previously identified byfishers' LEK, butspecies
composition and diversty results diflred befween current surveydataand LEK. Results

emphasize the validity and valueoffishers' LEK in idenifying areaswithhigh

B tal., 1997, 2005). Currently th

Labrador, and Baffin Island regions. Based on widespread coraldistributions, a

representaive areas approach should be applied toward conservation of corals and

personnelthathelpedcontributetothestudy.J. Firth, P. Veitch,D.0rr,andK. Gilkinson
(DFO) made invaluable contributions and provided moral support. We thank the

Northern Shrimp Research Foundation for coral data from the NorthernLabradorand
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Department o Fisheries and Oceans Science division provided logisticalsupport. P
Etnoyer, S. France K. Gikinson, R Haedrich, O. Sherwood provided useful critiques of
themanuscripl. Study supported by DFO Oceans Division, NSERCDiscovery Grant fo
Evan Edinger, and by Memorial University. Special thanks (o Qurfamiliesand friends for

their ongoing support, and never-ending patience
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3 UPDATES ON DEEP-SEA CORAL DISTRIBUTION IN THE NEWFOUNDLAND,

LABRADOR, AND ARCTIC REGIONS, NORTHWEST ATLANTIC

Published as Wareham, V.. (2009). Updates on deep-sea coral distributions in the

Newfoundland Labrador and Arctic regions, northwest Atiantic. InK. Gilkinson, &E

Edinger (Eds ), The -sea corals andL

I history, (pp.4-22). Canadian

New data collected by the Department of Fisheries and Oceans from Newfoundland,

Labrador, and eastern Arctic partal filed data gaps on deep-sea coral distributions

identified in Wareham and Eding ). Al q

species mapped six soliary scleractinians, and 14

Operated Vehicle (ROV)
documented new records, unique habifats consisting of high coral abundances, and

provided evidence of coral by fishing

Fisheries Organization Coral Protection Zone on southwest Grand Banks, Narwhal-Coral
Protection Zone in Canada’s eastern Arctic, and a Voluntary Coral ProtectionZonein
Hatton Basin off northern Labrador. Newly established closures are a good first step but

permanent designation s needed o provide long-term protection and to protect unique



In Canada, distrbutions of deep-sea corals have now been extensivelymappedinthe
northwest Allantic (Gass & Wilison, 2005; Wareham & Edinger, 2007) although only a
small fracton of the seabed has been surveyed and mapped. Understanding corals and
their inter-relationships with other species in deep-sea ecosystems is crucil in order for
the Department of Fisheries and Oceans Canada (DFO) to mestconservationabjectives
underthe Fisherios Act and Oceans Act. Coral dala played a keyroleinthe
establishment of Sable Guly as Atlantic Canada's first Marine Protected Area (MPA:

DFO t

were established on the basis of coral hotspots In the NortheastChannel(DFO, 2002)

and Stone Fence(DFO, 2004b)

In Newfoundland and Labrador no offiial protection exists for corals (e.g. MPAS).
however several preliminary measures have been taken. There are two interim closures.
in the Newfoundland and Labrador region. and one in the Arctic. Thefirstisanindustry
led Voluntary Coral Protection Zone, a 12,600 k' area in NAFOGivision2G-OBoff
Cape Chidley, Labrador (MPA News, 2007). It was initated and implementad by industry
comprised of the Groundfish Enterprise Allocation Council (GEAC), Canadian
Assodiation of Prawn Producers (CAPP) and Northern Coalition (NC). Thepurposeof
the closure is to conserve specified species of large corals (e.9. Primnoaresedaeformis

Gunnerus, 1763, 1758, Linnaeus,

1758andP. grandisVerrill. 1883,

that are known to exist in the area (8. Chapman, Canadian Association of Prawn
Producers, personal communication, Sept. 2005). Thesecond, CAD-NAFOCoral
Protection Zone, isa mandatory closure on the slope of the Grand BankinNAFO

division 30 between 800 - 2000 m (NAFO. 2007). It was inilated by the Canadian-NAFO



Working Group and implemented by NAFO. The purpose of the closure i to protect

in deep

OA (DFO, 2007). It was iniiated and implemented by DFO in April 2006, in order to

protect Narwhal over-wintering grounds and deep-sea corals

This chapter provides an update on the ongoing process of dentifying and mapping

deep-sea corals in the northwest Atiantic, building on the existing by

Wareham and for protection

withintheNewfoundland. Labrador, andArctic regions. Theupdate focuses on the time

period covered by the Interational Governance Program (IGP; 2005-2007)

331 StudyArea

The study encompasses the continental shelf, edge, and slope of the Grand Banks of

Newfoundland (NAFO divisions 3LNOP), Flemish Pass (NAFO division 3L), Flemish Cap.

LabradorShelf

(NAFO Odivision0B), and Baffin Bay

(NAFOdivision OA). See Figure 3.1 for overview of study area

Data was collected opportunistically from two primary sources: (i)annualmultispecies
research surveys conducted by the Science Branch Newfoundland andLabradorRegion
(2006-2007), DFO,and(i)fisheriesobserverdatacollectedonboard commercial fishing

vessels operating within the NAFO Convention Area (2006-2007)



In addition, DFO Central and Arctic Region began contributing coral distribution data in
2006 from mulispecies research surveys conducted in the Arctic (NAFOdivisionsOAB)
Al data (2006-2007), including representative coral samples, wereforwarded 1o the DFO

Newfoundland and Labrador Region and incorporated into the existingdatabase

Mullispecies research surveys conducted by DFO Newfoundiand and Labradorin2000
(one survey in NAFOdivision 3L)and 2004 (two surveys in NAFOdivisons2J, 3KLNM)
colleted corals from the Newfoundland and Labrador region but sampleswereoriginally
sent to Bedford Institte of Oceanography, DFO Marilimes Region. Al samples were

feturned to DFO Newfoundland and Labrador Region and the data are now incorporated

The dataset contains only one research survey from the Northern ShrimpStock

Assessment Survey (2005): a five year annual survey in progressforthe Arcic region

(2005-2010),
Newfoundland and Labrador. Two additional research surveys were conductedin2006

and 2007; however this data was not available during this time

Research survey vessals follow a standardized stratied random sampliing protocol. In
Newfoundland and Labrador, surveys use a Campelen 1800 shrimp traw! with
rockhopper footgear (McCallum & Walsh, 1996). For arctic surveys two gear types with
rockhopper footgear are used: Cosmos 2600 shrimp trawi for shallow water tows (100-
800 m) and Afredo otter trawl for deep water tows (400 - 1500 m) (T_ Siferd, DFO.
Gentral and Arctic Region, personal communication, May, 23, 2008). Fisheries observer

For further details on

2007)



In July2007, high resolution video collected bya deepwater ROV(ROPOS) provided in

siluobservations of corals at three deep water sites in Newfoundland and Labrador:

D: f high
resolution video, frame grabs, and stil images that are currently beingprocessed (Baker

otal. 2008)

fisheries observers) as well as the type of habitats from which the data was collected
For example, survey trawls can only sample relatively level sea bedsleadingtoabias in
favour of certain types of sea floors-favouring level grounds and excluding steeper

slopes and canyons (e.9. Grand Bank continental siope and edge). On the other hand,

fishing grounds" based on past catch rates and the level of experienceofthevessel's
skipper. Observer data incorporates many fisheries using different gearciasses (mobile
andfixed), geartypes(shrimptrawl twin trawl),andfish in al types of marine habitats
(canyons) on a variety of substrates (e.g. boulder fields, mud, or sand). In short.
research data can be biased towards trawlable’ botiomtypes. whereas observer data

can be biased towards fishing effort”

Results are presented as coral distribution maps building on baselinedatacompiledby
Wareham and Edinger (2007). New data includes; coral samples from 2000-2005
(Newfoundland and Labrador) that were not originally included in Wareham and Edinger

(2007), Labrador, and Arctic

regions) Labrador, and Arctic




regions). and preliminary results from ROPOS Discovery Cruise 2007 (Newfoundland
‘and Labrador). Maps are broken down byoverali sampling effort (Fig. 3.1)foliowedby.

coral distributions based on sub- 9.32)

(Fig.3.3), 9. 3.4). (Fig. 35),
scieractinians(Fig. 3.6) pennatulaceans(Fig. 3.7), andROPOS highiights (Fig . 3.8)
Voucher specimens of all pennatulaceans were sent o and veriied by Dr. G. Williams of
the California Academy of Sciences. Scleratinianswere identified by Dr. Stephen Cairns
of the Smithsonian Institute (Cairns, 1981).Chrysogorgiaagassizii(Verril, 1883) was.
identified using Cairns (2001). See Table 3.1 fora summary of data frequencies

documented and mapped during the course of the project

Table 3.1. Summary of coral frequencies used in distribution maps

Wareham and

Group Edinger (2007)
134 7 212
Aleyonacea - gmall gorgonians 422 502 924
soft corals %63 1481 2448
148 130 278

Pennatulacea 577 1060 1637
Total 81 3315 9




ATLaNTIC
Figure 3.1. Study area and sampliing effort with distribution of deep-seacorals.

highlighted. Data was collected from: Northern Shrimp Survey (2005), Newfoundiand
and LabradorMultispeciesSurveys(2000-2007), Arctic Multispecies Surveys (2006-

2007), and from fisheries obs board commercial fishing )




Figure 3.2. corals from the.

1871 Data was collected from

Northern Shrimp Survey (2005), Newfoundiand and Labrador MullispeciesSurveys
(2000-2007). Arclic Multispecies Surveys (2006-2007). and from fisheriesobservers

aboard commercial fishing vessels (2004-2007)
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Figure 33. corals from the O

gorgonians) .

and Labrador Multispecies Surveys(2000-2007). Arctic Mullispecies Surveys (2006-

2007),and from fisheries observers aboard commercial ishing vessels (2004-2007)



Figure 3.4. Distribution of deep-sea corals from the OrderAlcyonacea(small

gorgonians). Data was collected from Northern Shrimp Survey (2005), Newfoundland
Labrador Multispecies Surveys (2000-2007), Arctic Mullispecies Surveys (2006-2007),

and from fisheries observers aboard commercial fishing vessels (2004-2007)



Figure 3.5. Distribution of deep-sea corals from the OrderAlcyonacea(softcorals). Data
was collected from; NorthernShrimpSurvey (2005), Newfoundlandand Labrador
Multispecies Surveys (2000-2007). Arctic Multispecies Surveys (2006-2007),andfrom

fisheries observers aboard commercial fishing vessels (2004-2007)



Figure 3.6 Dislribution of deep-sea corals from the OrderScieractinia (solitary stony

corals). Data was collected from; Northern ShrimpSurvey(2005). Newfoundlandand

L o ) Arctic Mult Surveys (2006-2007),

and from fisheries observers aboard commercial fishing vessels(2004-2007)



Figure 37. Distribution of deep-sea corals from the Order Pennatulacea(seapens)

Data was collected from; brad

Multispecies Surveys(2000-2007),Arctic MulispeciesSurveys (2006-2007) andfrom

fisheries observers aboard commercial fishing vessels (2004-2007)



Preliminary Results ROPOS Discovery Cruise 2007

Preliminary results rom the 2007 ROPOS Discovery Cruise Include the locations of
unique coral habitats (Fig. 38) and five species nol previous documented in this region

New species records include lwo pennatulaceans (Umbelfula encrnus Linnasus, 1758,

1872),
1883), and two scleractinians (FlabellummacandrewiGray, 1849; Javaniacailler;

DuchassaingandMichelott, 1864 Fig. 3.9)
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Figure 3.8. Preliminary results of unique deep-sea coral habilatsfromNewfoundlandand

Labrador ROPOS Discovery Cruise (2007) including clustersofK eratoisisomata

colonies. termed ‘thickels', and large concentrations of sea pensandAcaneltaarbuscula



2RBEERABES

a8

Figure 3.9, Deep-sea coral species documented in Newfoundland andLabradorduring

A B.

In total 36 species of coral have now been documented in the Newfoundland, Labrador,

and Arcic regions including 2 jans, and

14pennatulaceans



L presented here
have contributed to filing in dala-gaps identfied by Wareham and Edinger (2007). Areas
such as the continental edge and slope of Northeast Newloundiand Shelf, OrphanBasin,
and Flemish Pass are now represented. Arciic data from DFOCentral and Arciic Region
represents a valuable contribution by extending samplingeDverage intofar northern
regions, which includs frontier areas, including BaffinBay, Davis Strat, Hudson Strat
and Ungava Bay. However, a signifcant gap sil exists on the boundarylinebetween

NAFOdivisions2G-OB. This area remains insufficiently sampled based on only one year

2007). two years of

data exist but were unavailable for analyses (Northern Shrimp Survey2006-2007). This

. has been identified in

1758 and Primnoa resedasformis Gunnerus, 1763 (Macissac e al., 2001 ; Gass &

Wilison, 2005 2006 Edingeretal. : 2007),

two species not found in any great abundance within the study area. Part of the Hudson
Strait-Cape Chidleyarea has temporary protection within the industry initiated Voluntary

Coral Protection Zone (MPA News, 2007)

The 2007 ROPOScruise provided unique non-destructive sampling opportunities
including extensiV8 video footage and photographs of corals, and unique coral habitats.

n and (Fig. 3.8). Heallhy and

damaged coral colonies, notably the long-iived species K. ornata (Sherwood & Edinger,
2009) were recorded on videa in Haddock and Halibut Channels. This cruise also
provided insight into other nique habitats not previously seenintheregionsuchask.

ornata thickets, sea pen fields, and A. arbusculafields



Edinger (2007) sl hold truewilh Ihe majority of corals distribuled along Inecontinental
edge and slope except for a few oddiies
an antipatharian was documented allhe mouth ofStrail of Bele Isle and on the
north side Flemish Cap (Fig. 3.2)
Keratoisis omata was documenled in Flemish Pass with a high abundance of

juvenile samples in both sets. SubfossilizedsamplesofK. ornaia were

Primnoa resedaeformis occurrences (juvenile samples only), were documented

on t0p of the Labrador Shelf and Grand Bank (Fig. 3.3)

Overall therewasan increase in frequencies of occurrence forall species (Table 3.1)
Notably, antipalharians, a deep water group usually found aidepths > 1000m
(Wareham & Edinger, 2007, appear to be more widely distributed Ihanoriginally
recorded (Tendal, 2004; Gass &Wilison, 2005; Wareham & Edinger, 2007). This is most
likely a result of sampling effort from multispecies surveys carriedoulin2007, which
focused on deep-walerareas in Flemish Pass and the NortheasINewfoundiandShelf

Fisheries observer data also recorded higher ocourrences as weil, mostlikelydusto

commercial fishing geting deeps where the ch:

corals would be higher

The newly established inferim closures, described i Iheintroduction, are a good first
step bul strongerpermanent legislation is urgently needed tofuly protecicorals from
anthropogenic disturbances. The urgency is due 1o the fact that corals are highly

sensitive to botiom fishing disturbances, and are impacted even on the first iital tow

(Kreiger, 2001).



documented 500 kg Primnoa and 26 kg ofParagorgia
set conducted within the recently established Voluntary Coral ProtectionZone. Basedon
the quantity of coral by-catch, the area appears (o be relatively unfished. The crew was
driven southwards due to pack ice and was unaware of the newly designatedvoluntary
closure (H. Mercer, SeaWatch Ltd., personal communication, March 12, 2006). Once
damaged. slow growth rates in species ike P. resedaformis (-0.17 mm yr'; Mortensen
& Buhl-Mortensen, 2005), K omata (-0.06 mm yr'), and antipatharians (-0.07 mm y( .
(Sherwood & Edinger, 2000) su9gest that recovery may take centuriestorecover

(Andrewsetal., 2002; Sherwood &Edinger, 2009)

Keratoisis omata thickets, documented by ROPOS video in HaddockandHalibut

Ghannels (NAFO division 3Ps) were not documented within the newly established CAD-

NAFO Corals Protecti 30), thereforeare
though they are among the longest ived species of coral found In the region (Sherwood

&Edinger,2009)

Results of this IGPfunded project have significantly expanded o ur knowledge of coral

distributions in the and L egion and have
coral protection. The 2007 ROPOScruisedemonstrated alternativenon-intrusive

sampling methods ot previously used in this region although used off Nova Scotia

000: 2006).
overview of coral distributions with 35 species documented and mapped.Notallareas

have been surveyed sufficiently (Hatton Basin) and other data sourcescouldbe

Currently, the dataset consists primarily of deep-sea corals with spanges now being

identified; however, other significant structure forming megafauna(L




bryozoans) should be considered and incorporated in future sampling collection

protocols used by DFOmulispecies surveys and fisheries observers

I gratefully acknowledge the fisheries observers, DF Otechnicians, and Canadian Coast
Guard personnel whom were essential o this project. Special thankstod.Firth, P
Veitch,D. Orr(DFONewfoundlandandLabradorRegion), T. SiferdandM. Treble(DFO

Central and Arctic Region). andthe Northern Shrimp Research Foundation for invaluable

Program. Last but not least, a special thanks to family and friends for their moral support

and patience throughout the course of the project
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4 CONSERVATION OF DEEP-SEA CORALS IN THE NEWFOUNDLAND AND

LABRADOR REGION, NORTHWEST ATLANTIC OCEAN

I the Northwest Allantic, distributions of deep-sea corals are now well mapped and

conservation has improved with three interim protection zones now established off

Labrador, Canada: Narwhal-C:

Voluntary Coral Protection Zone, and Canadian-NorthwesIAllaniic Fisheries

1t areas in

international walers are ciosed temporariy by NAFO, to help proteciVulnerableMarine
Ecosystems (VM) from Serious Adverse Impacs caused by bottom fishing. Corals are
now recognized as one key componentofVMEs and in order to identify candidates and

within the and L

areas are recommended forfulure research; Hatton Basin, LabradorShelf,OrphanSpur
- Tobin's Point. Flemish Pass. and southwest Grand Banks. Many o ftheseareasare
under threat rom encroaching fishing pressures and are in noed of urgent legislative
protection. particulary Hatton Basin n the Labrador Sea where abundantlong-Iived

corals continue to be caught as by-catch by commercial fishing pralices



The United Nations GeneralAssembly(UNGAJResolution61/105has called upon
member stales and Regional Fisheries Management Organizations (RFMO) to adopt
measures to identify and protect Vulnerable Marine Ecosystems (VME) from Serious
Adverse Impacts (SAI) caused by fishing activities(UNGA, 2005, 2006,2007; FAO,

2008) are tobe

key components ofVMES because of their vulnerabilty, fragiityandtheircontribution
towards habitat complexity (OSPAR. 2004; UNGA, 2005, 2006; 2007; FAO. 2008;
Rogersetal., 2008:ICES, 2008). Coralsarevulnerablebecausethey are long-ived
(Roarketal., 2006) sessile animals with arboreal structures, oftenextendinghighoffthe
seabed (Mortensen & Buhl-Mortensen, 2005). Their structures makethem susceptible fo
damage caused by anthropogenic actviies, primarily bottom fishing (Wating & Norse,

1998; Krieger, 2001 ; Hall- 2002; Stone, 2006). twill

require decades or centuries (o recQuertotheiroriginal state due o extremely slow

2002; Mortensen & . 2005; Roarketal. 2005;
Traceyetal., 2007: Sherwood&Edinger, 2009)

Originally, only *hard' coralswith a calcum carbonateand/orproteinaceious skeleton (i.e

gorgonians and reef-forming

ME

Specific habitats they create when found i largeconcentrations(ESSIM, 2006; ICES.
2008). As part of the efforts to identify and protect concentrations of corals, the foous of

this chapter will be to identify important areas for coral conservation within the.

waters. In addition, the objectives will highlight coral conservationprogresstodate, and



discuss challenges the Newfoundland and Labrador Region faces. Thischapler
concludes with recommendations on how to meet these challenges in order to

Labrad

42,1 Scope of Research

The geographic scope represenls the northwest Allantic extendingnorthfromthe
southern Grand Banks (Fig. 4.1) and encompasses North Atlantic FisheriesOrganizalion
(NAFO) divisions: 3KLMNOP (Northeast Newfoundiand Shelf, Grand Banks, Flemish
Pass, and Flemish Cap). 2GHJ (LabradorShelf).and OAB (Hudson Strait, Southeast

Baffinshelf,

chaplers. as well as new findings and experiences gained throughoulthe course ofihe
Newfoundland and Labrador Deep-Sea Coral Project; a programmesponsoredbylhe
Department of Fisheries and Oceans Canada (DFO) in partnership with Memorial

University (MUN)

background
corals are important, followed by conservation progress on the east coast of Canada
inclucing international waters located wihin Northwest AllanicFisheriesOrganization
RegulaloryArea(NRA). Nexiwillfollowa brief overview of sirategies used loprotec!

corals as well as emerging legislative tools that eQuid be utiized. Priorityareasforcoral

identified followed by o Labrador, andCentral
and Arctic Regions face i terms of marine conservation. The chapterwillconcludewith

recommendations on how to help protect corals and their habitats within the.

Labrad to achieve its

global obligalions selforth underlihe UNGA Resolulion 61/105 (UNGA, 2006)



——z

g e
) SHENO ks
pere

o

— “ 3¢ Lot o Conevon s

£

B

ateanTic

Figure 4.1. Map of study area highlighting important bathymetric features offthecoastof



431 WhyAreCorals Important?

Jacksonetal., 2001)

deep-sea and are expanding north into arctic waters targeting Greenland halibut and

1997 1998; Koslowetal., 2000:

thesis the “deep-sea”, or bathyal zone, extends from the continental shelfbreak o 2000
m. butnotincludingtheabyssalplains. These deep-sea areas have low rates of natural

disturb: that exist there

These communities of
history trats such as: long lfe spans, slow growth rates, low fesundity, latematuration
periods, and discontinuous recruitment periods (Merrett & Haedrich, 1997 Koslowetal.
2000; Roberts, 2002)

Deep-sea habitats are composed of relatively stable physical (e.g. bathymeric features)
and biological (e.g. megafauna) features. Megafauna such as corals are known as ‘sea-

trees’

fundamental components of it as well. Thecorallum, the entire coralcolony, providesa
three-dimensional structure constructed of sither calcium carbonate (aragonitc or
caleiic) andlorproteinaceiaus gorgonin, a complex protein. Groups of coral colonies
provide vertical relief on the sea floor, and create microhabitats within and in-between
colonies(Tissotetal., 2006). A terrestial analogy is like birs utization of rees, with the

as. Inthecasaof

complexiy of ree branches providing important nesting and forag:

corals, iMooreet

. 005). It has been




shown that large bamboo eorals (K ornata Veril 1878) can

boundary layer energy from loeal eurrent regimes. potentiallyprovidingrestareasfor

demersal fish (Zedal & Fowler, 2009). Evenafteracoraleolonyhas perished, the.

. 2009), eontinuingto
provide habitatstrueture in deep-sea eeosystems (Opresko, 2005; Yoklaviehs Love,

2005; Loveetal.. 2007) Nonetheless, these deep-sea struetures are fragile and are

partieularly bottom trawiing, are damaging and destruetive to corals, and s the leading

L 1997; 1998; Fossaetal.. 2001 :
Hall-Spenseretal., 2002; Grehanetal., 2005; Mortensenetal., 2005, Wheeleretal.
2005; Stone, 2006; Reedetal., 2007). Originally, mobilebotiomfishinggear(e g
dragging or trawling) was eonsidered to be the primary cause (Krieger, 2001 ; Halk-
Spencer etal., 2002: Stone, 2006: Clark & Koslow, 2007). However, other studies have
shown that fixed gear types (ie. longines, gilinets, and erabpots)ean also damage

eorals but toa lesser spatial 12005; Wareham & Ed 007,

Edinger et al ,2007a, b)

441 Maritimes Rogion

Deep-sea corals are considered an excellent flagship' species for marine conservation
More importantly, they can et as ‘umbrella speeies’, meaning that oneeprotected, other
marine speeies that live on, between, or amongst them will also be protested (see
Lambreek, 1997). Researeheruisesandopportunistiedataeolleetions on corals played a

key role i the establishment of The GullyMarineProtestedArea (Fig. 4 2)onthe

tianShelf. Proteeted Area (MPA) under



the OceansAG/(DFO, 2004a). Itisa large underwater canyon encompassing-2,364

K Zonet

represents the deepest section and is fully protected; no human activties are permitted
with the exception of authorized scientifc research. Zone2represents the canyon head.
feeder canyons, and continental slope. Zone 3 represents the adjacentsandbanks
Zones2and 3 have strict protection with limited fishing pemitied: longlinegearis
permitted butnottrawlgear. Asa result of this closure, endangered species that also
inhabit The Guily MPA (e.. Northem Bottlenose whale, Hyperoodon ampullalus) are
also protected (COSEWIC, 2002). The main objectives for The GullyMPAareto

conserve and protect the natural biological diversity, andensureits long-term health,

to inhabit the canyon (DFO, 2004a)



Guly Taine Protecied Area
o, marine du Gully

Figure 4.2. Map of The 20043).

Other areas on the Scotian Shelf protected under the FisheriesAct include the Northeast

L FenceJCoral

Conservation Area (2004). These areas were protected in order to preventfurther
damage to large gorgonians and framework-forming scleractinians from botiom fishing

activities(DFO, 2002,DF0,20046)



The NortheasiChannelCoralConservationArea(Fig. 4.3) is-424km’ in area. Itis
located between Georges Bank (United States) and Browns Bank(Canada) on the
southern tip of the Scotian Shelf_ Initally, itwasidentifiedbyfishersasanimportantarea

for corals based on unusually high by-catch rates(Breezeetal.. 1997). Nowprotected. it

the overall area and is fully-protected with no human activities permitted. The second

andis resticted to
longline fisheries targeting groundiish with all vessels requiredtohaveafisheries
observer onboard. The main objectives of this conservaion area are to conserve and
protect the biological diversity of large deep-sea gorgonian corals found wihin its

boundaries (DFO. 2002)
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Figure 4.3. Map of the Northeas! Channel Coral ConservalionArea (DFO, 2002). Map.

courtesy of DFO Canada

The L 44)is 15km

most northeasterly comer of the Scotian Shelf. Known s the Stone Fence, il was first
identified asa uique area for corals by Caplain Collins (Colins, 1884).Currently, no
fishing actvities are permitted wihin the area. The objectves of this conservation area
are to prevent further impacts to the already badly-damaged Lophelia pertusa (Linnacus,

1 0, 2004b). ltis noted that at

thetimeofitsdesignationasa conservation area, Stone Fencewastheonlyknown
occurrence of Lophelia pertusa in Canadian waters. Since then, live colonies have been
documented in The Gully MPA during the 2007 ROPOS (Remotely Operated Platform

for Ocean Science) expedition (Gilkinson& Edinger, 200g)anddeadiragmenishave



been documented on the Flemish Cap during the 2009 Northwest Atiantic Fisheries

communication, July5,2009)

Organization Potential Vulnerable Marine Ecosystems Impacts ofDeep-seaFisheries
(NEREIDA)expedition(K. Macisaac, Bedford Institute of Oceanography, personal

Figure 4.4. Map of Lophelia Coral Conservation Area (DFO, 2004b). Map courtesy of

4.42 Newfoundiand and Labrador Region

There are no deep-sea coral

in

L

and the

regions. Several areas have been identiied as coral diversity hotspots (Gilkinson&
two were closed under the Fisheriss Act by DFO Canada (CAD): the CAD-NAFO Coral

Edinger, 2009), and, asa result, three have been granted interim protection. The first

Thethird, the Voluntary Coral



ProlectionZone, is a voluntary closure initated by three fishing industry organizations:

Groundfish Enterprise Allocation Council(GEAC), CanadianAssociationofPrawn
Producers (CAPP), and the Norihern Coalition (NC)

‘The GAD-NAFO Coral Protection Zone (Fig. 4.5). a mandatory interim closure that will

be revistited in 201

Itis-14,040km’" division

30(NAFO, 2007). ItwasinitiatedbyCanadianfisheriesmanagersbased loosely on
known coral distributions, and implemented by NAFO contracting parties (Gilkinson &
Edinger, 2009). The purpose of the closure s to protect corals foundwithinits

boundaries but more importantly ‘reeze the footprint of fishing acivities, and exclude

fishing (NAFO, 2007). Figured 5,

many of the most diverse sets are found in waters shallower than the coral protection

boundaries. Furthermore the coral protection zone does notinclude the abundant K

Channels(NAFOdivision3Ps;seeChapterd, Fig- 3.8)
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Figure 4.5. Map of GAD-NAFO Coral Proleciion Zone (NAFO, 2007) with coral species
fichness. Richness was determined by the number of coral species documented per set

from DFO Multspecies Surveys and fisheries observers from 2002 to 2007

4.4.3 Central and Arctic Region

The Narwhal-Coral Prolection Zone (Fig. 4.6) is relatively small compared 10 the olher

areasdescribed, al-8,000 km" in size. I is localed northofine Davis Sirait Sillin

help prolect Narwhas from enlanglement in gllnls whie in Iheirover-vintering grounds.
and also protect their primary food source, Greenland halibul(Reinhardiius
hippoglossoidesWalbaum, 1752: DFO. 2007a). Gear loss is inevilableinlhisareadue
1o strong currents and the annual flucluation of ice moving throughthenarrowpassage

of Davis Sirail (Jordan &Neu. 1982). From2004-2008-600gillnelsconstrucledof



durable microfilament material were lost in NAFO division OA, the equivalent of 54 km of

net(DFO, 2007a)

andexcludes the

shrimp fishery which target shallower depths «500 m). Vessels are restricted to four

types used (e
trawis, gilnet or longline). In 2006, corals were added to the overaliconservation

objectives. Howver,

been slowtomaterializeduetoa lack of poliical wil (e.9. support, monitoring, and
funding) and disputed byindustry. Asa result, the area is somewhat inconsistently
managed asa protection zone and violations are reported yearly(M. Treble, DFO

Central and Arctic Region, personal communication, May8, 2009)

During a DFOfall survey in October 1899, a large catch of corals was documented
within the same area as the existing closure (see Fig. 46). Thecatchwasestimatedat
2.3 tons and tore most of the trawl net clear from the footgear. When retrieved, only.
shredded pieces of net entertwined with broken coral fragments remained(D. Pittman
DFO Newfoundland and Labrador Region, personal communication, July 2, 2009)
‘Samples with live tissue were later identified as Keratoisis sp. by Dr. Ole Tendal from the

Universityoft Trebel

Region, personal communication, May 20, 2008): as well, | inspected a small sketetal

fragment from this set and concur with initil identification
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Figure 4.6. Map of Narwhal-CoralProlection Zone (DFO, 2007a) with coral species.
richness. Richness was datermined by the number of coral species documented per set

from DFOMultispecies Surveys and fisheries observers from 2002 to 2007. Note the.

exsting closure

The Zone (Fig 4.7 an area-12,500km

located immediately adjacent to Hudson Strait in an area known as Hatton Basin: it falls

on Ihe boundary between NAFO divisions 2G and OB (MPA News, 2007). lwas iniliated

and implemenled by three fishing industryorganizalions: Groundfish Enlerprise

andihe

Northern Coalition (NC). The purpose of the closure s to avoid fishing-related damage to

five species of corals, which include; Primnoa resedacformis Gunnerus 1763,



P 1758, P. grandis

of conduct has been developed by industry for its membersoperaling in the area. The
code requires operators to haltfishing activities when significant concentrations of any of

the five coral species are encountered. However ‘significant is notdefined, and is

to report each significant encounter and move elsewhere 1o resumefishing. Aswell, the.
code only applies to members of the three organizations stated above, and exempts the
participation of Aboriginal groups and small boat operators. The closure and code of

conduct employ the honour system; therefore, there are no legal ramifications or

against ant resource users abide by
the closure but some fishing stil occurreswithin the boundaries of the voluntary closure

2010) “good first step” towards

protecting corals and sponges (MPA News, 2007). However, 1o fullyprotectcoralsfound
in this area, the existing closure must be extended based on newinformationthat was

not previously available (Warehametal. 2010)

These findings document species richness (Fig. 4.7.) and; more importantly, document

large catches (> 500 kgs) of corals particularly Paragorgia arboreaandPrimnoa

48), frequentiy anywhere.

L &Edinger.

2007; Wareham, 2009). The Voluntary Closure in an interim measure that will be

revisited in 2012 by the fishing industry and could be revoked ifmembersdonot
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Figure 4.7. Map illustrating the Voluntary Coral Protection Zonewithcoralspecies

fichness.
from DFO Multispecies Surveys and fisheries observers from 2002 to 2007
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Figure. 4.8. Map illustrating coral and sponge by-catches using thresholds
recommended by the NAFO WGEBM for interational waters and applied o Research
Survey data (2005-2008) within national waters. Thresholds for largegorgonianby-catch
are> 2 kgs and sponge by-catch thresholds are > 75kgs. Note: actualsetweightsfor

coralsareillustrated, however, actual sponge weights are not, instead each point




NAFORegulatoryAreasontheHighSeas.

Efforts 1o protectVMEs, namely corals and sponges, are also being madein
international waters within the NRA with five seamounts closed 1o bottom fishing (NAFO.

2008; 20084). Resolution

611105 (2006), butwillbereviewedin2010. Theprovisionalfishing ban includes the.

NewEngland, Comer, Fogo, and ‘Seamounts. (Fig

4.9). These closures are interim measures that also permit small-scale exploratory

area’ is currently undefined. Seamounts are unique ecosystems because they provide
genetic connectivity in the deep-sea, host endemic species, andprovideareasofrefugia

(Parinetal., 1997; Richerde Forgesetal. ,2000;Smithetal., 2004; Stocksa Hart,

2007 Robertsetal., 2009).

as ovidenced on

the Corner Seamounts by trawl door scars left from fishing activitiesconductedinthe

1960s(Walleretal., 2007)



Figure 4.9. Map of seamounts closed (o bottom fishing within the NAFO Regulatory Area

In Canada, several key legislative tools are used to manage and protectCanada’s

marine resources (see Campbell & Simms, 2009), most notably the Oceans Act (1997)




005), HealthofiheO Iniitive (2007).

and Fisheries Acl(1985)

da'sO

protect, and develop marine resources. The Aclis based on threeguidingprinciples

sustainable development, the precaulionaryapproach, and integrated management. The.

Act promotes using a p y
that governmen should err on the side of caullon when lack of scienlificdalaexists. 1
aiso promotes an integrated management approach to help bring together ll nterested
parties (¢ 9. governments and stakeholders) i order 10 work towards common goals

Ultimately. the Acl assigns the Minister of Fisheries and OceansCanadalhe

responsibilty for leading and facilitating the managementofCanada'soceanresources.

the policy
statement for a national direction- Ua ensure healthy, safe, andprosperousoceansfor
the benefi of present and fuluregenerations of Canadians". The stralegyapplies to

esluaries, coastal waters, and deep-sea ecosystems within nationalboundaries
Canada’s Oceans Aclion Plan communicates a national approachforsustainable

and security 2) Inlegraled oceans managemeniforsustainabledevelopment; 3) Health
of the oceans; and 4 }Ocean science and technology. Large Ocean Management Areas

(LOMAS) all under the Oceans Action Plan, and are management areas identified within

the oceans bordering Canada. Currently there are five LOMAS designated, including;

undertaken for each LOMAsuch as the identification of Ecologically andBiologically



Significant Areas (EBSAs). These are unique areas that are considered relatively more
important than surrounding areas based on three primary criteria (uniqueness,
‘aggregation and fitness consequences) and two secondary ones (resilienceand
naturalness). Currently DFO Newfoundland and Labrador Region is moving forward on
developing key marine ecosystem componentsandior propertes for the Placentia
Bay/Grand Bank LOMA (0 help with isk analysis, assessments, and recommendations

for conservation. Both LOMAand EBSAassessmentswili be used to develope future

Canada's Marine Pr 7 pr federal

(DFO,
a cohesive and complementary network of MPAs (DFO, 2005a). These new MPAS wil
be established under the Oceans Act using an integraled oceans management
framework, and will promole healthy oceans and marine environments (DFO, 2008b)
Marine Protected Areas provide legal protection to commercial and non-commercial

Species and their habitats, endangered and threatened marinespeciesandthei

habitats. EBSAS)

The Health of the Oceans isthe that

wil take the necessary steps to protect ragile marine environmentsthroughthocreation
of nine new MPAs (DFO, 20055). I also includes & commitment for Newfoundland and
Labrador Region to develop a coral conservation sirategy by2012 (Campbell & Simms
2008), and continue collaborations with World Wildife Fund (WWF) Canada and other
ocean interests. Itwil strengthen prevention measures for pollution, invest i scientific
research to support and advice on MPAnetworks, and expandonanddevelopfuture
collaborations-oramongst domestic and international insttuions(e.g. NEREIDA2009-

2010 Expeditions)



Canada's Fisheries Act (amended 1985) is the most powerful management tool for
‘marine conservation. It was implemented to help prevent harmful alteration, isruption or
destruction (HADD) offish habilats, and to help prevent the deposition of substances
deleterious to fish (Fisheries Act s.34-36). Based on the FisheriesAct, the definition of

andthersforecanbe

“fish’ includes "marine animals and any parts of marine animals
interpreteto include corals. The Act defines fish habitat as:

“fish habitat[s]" spawning grounds and nursery, rearing, food supply and

migration areas on which fish depend directly or indirectly in order to carry.

It has been shown that corals provide habilat for fish (Auster, 2005; Costelloetal.. 2005

Robertsetal. 2006)andactasnurseries(Etnoyer&Warrenchuk, 2007); therefore,
apply to fishing because "fishing cannot be considered awork or undertaking” (s. 35[1)
Fisherios Act). The Fisheries Act does provide reSQurce managers with the legal power

to reduce, limit, and restrict fishing activities in any mannerdeamed necessary to protect

Protection Zone, and

areas established and protected under the Act. TheActallowsciosurestobe.

established instantaneously but protection is not permanent and can be reversed as

Canada’s national efforts toward marine conservation are also being driven by

international agreements such as the United Nations (UN) Oceans and Law of the Sea

( 1992), UNFish



StocksAgreement(1995), andthe Food and Agriculural Organization CodeofConducl
o or o

for Responsible Fishing (2005)

The UN Fish Stocks Agreement puts forth several important guiding principles and

approaches such as Article fisheries ecosystem n), Article6

However, more recently
the UNGA Resolution 61/105 (2008) has been the most inluential catalyst for recent

conservation efforts in Canada as wel as within NRA (NAFO 2008; 2007; 20083, b;

The UNGA Resolution 611105 (paragraph 83a-d) applies regulations pertaiing o high

seas bottom fisheries. HighseasaredefinedundertheConvention on the High Seas

seas, This means that
nations conducting botiom fishing on the high seas can now be held accountable for
theiractionsorlackthereof, and must manage these areas inorderto prevent significant
adverse impacts to VMES. Nations actively fishing the northwest Atlantic include
European Union (EU) countries (Spain, Portugal Estonia, Latvia,Lithuania, Poland), the
Russian Federation, lceland, Norway, Denmark (Faroe Isiands and Greenland).

Republic of Korea, Ukraine, Cuba, United States, Japan, France (SaintPierreet

Miquelon), and Canada (NAFO, 2009c)

Section 83a ofUNGA Resolution 61/105 calls for impact assessmentsofhighseas.
fisheries to determine how these impact VMES and how to prevent significant adverse

impacts to VMES. This section has not been addressed but willlikely be the next fosus of

Section 83b of the resolution calls for the long-term sustainabilityofdeep-seafish

stocks. This can be achieved using fishery quotas, gear restrictions and effort imitations



UnderNAFO, dfish, and
skate) with the exception of grenadiers, are regulated through the allocation of quotas
Areas already under protection (CAD-NAFO Coral Protection Zone) have gear

contribute to long-term

sustainabilitybut may not be enough with most deep-sea fish species considered over-

exploited (Merrett &Haedrich, 1997; Haedrichetal., 2001; Devineetal.. 2006)

to occur, such as, concentrations of corals and sponges, and seamounts. In 2006

several seamounts were closed to bottom fishing (see Fig. 4.9; NAFO, 200), ith Fogo

20084).

can be determined in later

years based on whether substrates are suitable to conductfishing (e . rawlable)

1n 2008, the Working Group on Ecosystem Approach to Fisheries Management

(WGEAFM) was formed s a subsidiary to NAFO Scientific Councl (SC) to help address

information, seven candidateVMEswere identified (Fig. 4.10; in green) and put forth to
NAFO from the WGEAFM (NAFO 2008¢). From the original candidates, number seven.

Southern Grand Bank, was previously closed in 2007. The WGEAFM has recommended

present 800 m boundaryintoshallawerwaters, in order for tis ci0sureto be more
effectiveinprotectingcorals(NAFO, 2008c:seeFig.4.5)

As of January 1, 2010, based on the recommended VME candidates, 11 areas were
closed(Fig. 4.10; inred)onaninterimbasis(Jan.1, 2010-Dec. 31, 2011)toallbottom

fishing(NAFO, 2010)
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Figure 4.10. Location of candidate VMES (in green) idenified and recommended to
NAFO by the Working Group On Ecosystem Approach To Fisheries Management
(NAFO, 2008¢), and acual areas designated as interim coral protection zones (n red)

byNAFO, based on candidate VMEs (NAFO, 2010)

Section 83d of the resolution requests encounter protocols be developed and
implemented on the high seas. Such protocols would require fishing vessels to ‘cease
fishing" in areas where VMES are encountered, NAFO developed an encounter protocol

for its contracting parties in 2008, which classifies the NRAs either historically fished



areas or new fishing areas defined as virgin grounds or depths > 2000m. For all areas.
historic or new, the encounter prolocol states that i by-catch of corals 2 60 kg and/or

‘sponge 2 800 kg per fishing set are encountered then the cease rule applies and fishing

Oscientfi I




On a national level, Canada has developed the Fisheries Renewal Program, which
includes several polices that wil guide fisheries management and help profect VMES as.
well as align national polices with current nternational agreements(e.g. UNAgreement
on Stradding and Highly Migratory Fish Stocks). The Fisheries RenewalProgram

includes; the Sustainable Fisheries Framework (DFO, 2009b), Managing the Impacts on

2009). Anaysis (DFO,
2009a). These policies and sirategies Quilinea national direction towards sustainable

development, and integrated management, while exercising the precautionary and

The Sustainable Fisheries Framework (SFF) was developed o promote environmentally
sustainable fisheries while supporting economic prosperiy. I is comprised of four
elements: conservation and sustainable use policies; economic policies; governance
policies and principles; and planning and monitoring tools (DFO, 2009b). Under
conservation and sustainable use policies, three new policies have been introduced

Managing Impacts of Fishing on Sensitive Benthic Areas (Habitat, Community, and

Species). Framework

Approach, and New Fisheries for Forage Species

Managing the Impacts on Sensitive Benthic Areas Policy s a highlyanticipated

legislative tool developed by DFO. The purpose is to:

“Help DFO manage fisheries to mitigate impacts of fishing in sensitive

benthic areas or avoid impacts of fishing that are likely to cause serious or

applies to all commercial, recreational, and Aboriginal marine fishing



economiczone” (DFO, 2009a)

Potenial

impacts on sensitive areas (e.g. habitat, communities, and species) from fishing activities
wil be determined through the Ecological Risk Analysis Framework developed by DFO
Fisheries and Aquaculture Managment(FAM). Deep-sea corals and sponge

,2009)

made under this Policy are guided by the Precautionary Approach andEcosystem
Approach. Its intention s to Bxercise a higher level of risk aversion for: frontier areas

in & number

of years, and areas where specific gear types have not been previouslyused

The g the Imp: on Sensitive
large step forward for Canada, directing how the nation manages andprotectsitsocean

revised. Currently, the.

“without a history of fishing in Canadian waters. This is interpreted to mean

of fishing and little if any information is available conceing the benthic
features (habitat, communities and species) and the impacts of fishing on

thesefeatures® (DFO, 2009a)

The policy identifies two types of frontiers areas: waers deeperthan 2000 m, andthe.
high Arctic. Unfortunately, the defiition excludes patches of ‘virgin' areas within
historically-fished grounds (e.g. parts of Hatton Basin) where sensitivebenthicspecies

(e.g. corals, sponges) are suspected but it or no information is available (Warsham &



Edinger, 2007; Gilkinson&Edinger, 2009; Wareham etal., 2010). These potential

‘patches’ could be much larger in area than those areas actuallyfished. Asa resull, the

“patches' of virgin grounds that are considered frontiers' by the scientific community but

are not defined under the current policy

Under the Health ofiho (2007), the Canadian

plans to protect fragile, ecologically-significant marine areas by establishing rine new.

MPAs. The process of MPA selection is time-consuming . I starts with a list of candidate

several Areas Of Interest (AOI) and then subjected to public consultation. tistheintent

12(N
Templeman, DFO, personal communication, Ocl. 20, 2009). However., the eniire process.
an take years to complete and does not always end with success (¢.. LeadingTickles,

NL).WithinthePlacentiaBay/GrandBanksLOMA, 11 EBSAshave been identified, with

the high for unique coral

2007). DFO and external
consultations on five priority EBSAs (Southeast Shoal and tail of the Banks, the

Southwest Shelf Edge and Siope, Laurentian Channel and Slope, SI. Pierre Bank and

a potentialAOl in
the Newfoundiand and Labrador region (N. Templeman, DFO, personal communication

0c1.20, 2008)

documented and information on the Arctic region s increasing. When data on corals are



compiled into distribution maps; patterns of coral requencies emerge. Basedonthese
maps, five areas are highlighted as potential candidates for marine protection and future
scientific research. The areas of interest are described belowlrom north to south (Fig

a11)

and Labrador (Haedrich & Gagnon, 1991) but are not described here because they are

not sampled by DFO multispecies surveys or by fisheries from which samples were

indude Bayd

observed on submersible dives (Haedrich & Gagnon, 1991). These andotherinshore

areas merit further study
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46.1 Hation Basin (Nalional Walers)

The Hatton Basin is located between southeast Baffin Island and the northern tp of
Labrador. The area i influenced by cold waters orginating from the higharcticviathe
Hudson Sirait and Labrador Current flowing from Baffin Bay (Drinkwater & Harding,
2001). The Hatton Basin and surrounding areas are important fishing areas for
Greenland halibut and northern shrimp (Wareham et ., 2010). and are known for strong
currents (Griffthsetal, 1981 Piper, 200), roughsubstrates(D.Orr, DFONewfoundland
and Labrador Reglon, personal communicatlon, Sept. 2005; Warehametal. , 2010)and
high coral by-catch (Maclssac et a. 2001 ; Gass & Willson. , 2005; Wareham, 2009,
Wareham otal. 2010). Trawl by-catch rates of coral from the Hation Basin are
comparable to rates documented from virgin' waters off Alaska (Kreiger, 2001)andon

Tasmanian Seamounts (Anderson & Clarke, 2003)

Scientific survey data and abservationsfrom fisheries observers fram the area have

documented high diversity (Fig. 4.12) and abundance (Fig. 4.8)0flarge gorgonians (e.g

[ P. arboroa) not in
Labrador region (Wareham & Edinger, 2007; Wareham, 2009; Wareham et al., 2010). As
Wwell some fisheries observers have noted a temporal change i the average size of
corals, particularlyP, resedasformisandP. arborea, whichappear to have decined
compared to the original“Glory Hole Days" n the early 19805 when commercia fisheries.
first expanded into this region (R. Beazley, SeaWaich LId" personalcommunication,

March 16, 2007)

for corals. Also known a5 Cape Chidley, it has been highlighted inearlierstudiesasa

coral ‘hotspot'(Macisaacetal., 2001 ; Gass&Wilison, 2005). Currently, theonly



protection offered for Hatlon Basin and the surrounding areas Is the industry-led
Voluntary Goral Protection Zone and associated code-of-conduct. Based on commercial
log book data, the centre of Hatlon Basinislargelyavoided, andmajorityoffishingeffort
is concentrated on the outer edges and conlinental slope (Wareha etal., 2010). The

Voluntary closure protects a portion of Hatlon Basin, which hasreducedfishing wihin its

boundaries, but has not haulted allfishing activities (Wareham etal., 2010)

Concentrations of large gorgonian corals st continue o beeaptured as by-catch in the

vicinity as well as within the closure (see Figs, 47,48, 4.12, &4.13) indicating that the

2010)
Legislative measures are needed to adequately protectconcentrations of corals. As well,
furtherinsiluresearch is needed to properly assess and delineate the full extent of coral
concentrations within this unique area (Edingerstal., 2007a; Warsham & Edinger, 2007
Gilkinson & Edinger, 2009; Wareham, 2009; Wareham et al, 2010). Other voluntary
closures off Briish Columbia, Canada have not sufficiently protectedspongesduetothe
“fear factor’, where fishing intensifies prior to a closure andlor within the viciniy of the

proposed closure (Ardron etal., 2007; Robertsetal., 2009)

Large catches of corals (see Fig. 4.8); and the long-lived species encountered (see
Chapter 3, Fig. 3.3); combined with high species richness (see Fig. 4.12); indicate that
portions of the Hatlon Basin area have never been impacted bybatlom fishingpratices

floor exist within and

around the Hation Basin, and if so, are currently not protected underDFO's Frontier

Areas Policy' based on the current definition of ‘rontier’ (seesection4.5.3; DFO, 2009a)
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Figure. 4.12. Map of Hatton Basin, prioriy area for fulure deep-sea coral research. Map

illustrates the current Voluntary Coral Protection Zone with coral species richness

Richness was determined by the number of coral species observed per set from DFO.

Multispecies Surveys and fisheries observers from 2002 to 2007



Figure. 4.13. Coral by-calches from Hatton Basin: (lef)Paragorgiaarborea by-catch on

trawl deck from Northern Shrimp Research Survey. and (fight) Primnoa resedasformis

fragments entangled in a commercial gill net. Photo courtesy of DFO

462 labrador Shelf Edge and Upper Slope (National Waters)

The 1 abrador Shelf extends paralel o the labrador coast and includes numerous banks
incised with shelf-crossing troughs. The outer edge of the shelfis influenced by the cold

I abradorCurrenttowing southward. The southeast portion, along the edge and slope

diversity of all the priority areas; surpassed only by the Southwest Grand Banks
(Wareham & Edinger, 2007). It also had the highest occurrence of 10sttrawls(Hughes,
2009) indicating rougher subsirates. Sensitive VME species include largegorgonians:

This area is

recommended asa priorty area (Fig. 4.14) for further research basedonthediversityof

corals, and the presence of rare and sensitive species
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Figure 4.14. Mapofthel

Map ilustrates coral species richness which was determined by the number of coral

species observed per set from DFO Multispecies Surveys and fisheriesobserversfrom

463 Orphan Spur and Tobin's Point (National Waters)

and is located northeast of the isiand of Newfoundland. Historically,thisshelfwasan
important fishing area. Today. fishing efforts are now more focused on the edge and
slope in deeper waters targeting Greenland halibut using otter traws, longlines and

gilinets than 009). On the Northeast

areas important for corals have been idenified: Orphan Spur (Piper. 2005), previously



areas are located on the outer edge of the continental shelf

These areas were first identified from observer data as coral diversityhotspotsand
further supported by DFO survey data (Wareham & Edinger, 2007; Wareham, 2009)
Gear loss by gear type documented by observers (2006-2008) indicates a greater loss of
trawl gear around Tobin's Point (Hughes, 2009) compared to Orphan Spur. This would

indicate rougher substrates in this area. HOWBver, coral speciescomposition, such as.

I I i ighwi diversity
compared to other priority areas. Sensiiv8 species documentedinthisareainclude
several rare, largegorgonians(Fig. 4.15; e.g. P. arborea, P. resedasformis, and

Paramuriceaspp.). and numerousantipatharians, all of which require hard substrates for



Figure 4.15. A large intaclParagorgiaarboreacolonycollectedjust north of Tobin's Point
during 1he2006 DFOfalisurvey. Samples of this species and size. arerelatively

infrequent

To date. Tobin's Point and Orphan Spur areas (Fig. 4.16) have had the highest

Labrad
(Tendal, 2004; Gass & Wilison, 2005; Wareham & Edinger, 2007 Glkinson & Edinger,
2009). Based on Inis informaion, the edge and slope of the NortheastNewfoundiand

Shelfis identifiedasa priorty area in need of in stu research andurgentprotectiondue

(o the intensity of ishing effort presently conducted in this area
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Figure 4.16. Map of Orphan Spur-Tobin's Point, priority area for future deep-sea coral
research. Map illustrates coral species richness which was determined by the number of

coral species observed per set from DFO Multispecies Surveys and fisheriesobservers

464 Flemish Pass (Internalional Walers)

Flemish Passisa deep underwater trough that separates the Canadian continenlal shelf
from Flemish Cap and is heavily inftuenced by the cold LabradorCurrent Mulispecies
surveys conducted by Canada and groundfish surveys conducted by Spain (EU) have

documented frequent occurrences ofantipatharians in this area, mostnotably.



1871). Several

‘ornata, which were thoroughly mixed with Asconema foliala (Fristedt, 1887), a
fibreglass-like sponge (Wareham & Edinger, 2007: NAFO,2008¢; Fulleretal., 2008a:
Gilkinson & Edinger, 2008; Murilloetal., 2009)werealsomapped. Sherwood and

Edinger (2009) have shown that both K omata and S. arcticaexhibitslowgrowthrates

ifdamaged species may take

Located in interational waters, the Flemish Pass is heavily-fished by many countries
(Canada, EU, Japan, Russia, and United States) but effort appears to be focused on the
upper (northeast and northwest) and lower (southeast and southwest) edges of Flemish
Pass based on Vessel Monitoring System (VMS) data (Murillo etal., 2008). The centre

of Flemish Pass. along with the western side of Flemish Cap where it protrudes out into

it R

submarine canyons and is considered untrawlable (Antonio Vazquez, NAFO, personal

communication, Sept. 10,2008). In areas where fishing isnegligibie, corals(K.ornata,

st
Portions of Flemish Pass (Fig. 4.10&4.17)have been granted inferim protection by

NAFO,

antipatharians, andsponges(NAFO, 2008c; Fulleretal., 2008a; Gilkinson&Edinger,

2009; NAFO, 2010).

closures, o see if they are sufficient n size and location
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Figure 4.17. Map of Flemish Pass, priority area for future deep-sea coral research. Map
illustrates coral species richness which was determined by the number of coral species

observed per set from DFO Multispecies Surveys and fisheriesobserversfrom2002to

465 Southwest Grand Banks (National and International Waters)

The Southwest Grand
continental shelf of the Grand Banks of Newfoundland includingHalibutandHaddock

influenced by warm siope water from the Gulf Siream as it moves across the North
Atiantic. ltisanimportantareaforavarietyofdirectedfisheries using primarily fixed-
gear types. Most recently, it has been identified as a coral diversityhotspot(Edingeret

al" 2007a; Wareham & Edinger, 2007). In situ observations from the 2007 DFO ROPOS



expedition showed large ofK. omata between in

colonies(-1 mheightx1 m width) occurred in patches on isolated boulders with other

coral species Verril 1878,

The surrounding area around each pach was predominantly mud subsirate and devoid
of sessile megafauna. Other uniqus habitats were observed such as vast sea pen and
Acanellaarbuscula(Johnson, 1862) ilds that spanned 100sofmetres. Quantiication
of corals and sea pens from video collected during the 2007 ROPOS crise are currently

ongoing(Bakeretal. 2008)

division between depths of 800-2000 m but, unfortunately, does notincludeuniquecoral
habitats found at shallower depths during the 2007 ROPOScruise, nor the Keratoisis
thickets located in NAFOdivision 3Ps to the west of the closure. Ona regional level, the

identified EBSAS by DFO for Placentia Bay/Grand Banks LOMAwasexpandedto

thickets were found (Templeman, 2007). The southwest Grand Banks is the only priority

area already under partial protection (Fig. 4.18). However, several issues should be re-

examined, shallower coral

habitats identified previously (Wareham & Edinger, 2007) but notincluded in current
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Figure 4.18. Map of southwest Grand Banks, priorityareaforfuturedeep-seacoral
research. Map illustrates the currentCAD-NAFO Coral ProtectionZone overiaid with
coral species richness. Richness was determined by the number of coral species.

observed per set from DFO Multispecies Surveys and fisheriesobserversfrom2002to

Since the late 1990, the Maritimes Region of DFO has made great progress with coral

research. This region has documented coral distributions: established several protected



areas: perform annual benthic research surveys: and emplaced a CoralConservation

Plan(2008-2010; DFO, 2006b)

Research on corals In the Newfoundland and Labrador Region began in 2003. In this

have been

documented and mappec, and novel research focusing on lie histories, ecology.

biogeochemistry. and relationships to fish has been initiated(see Gilkinson & Edinger.

2009). sofar,
only interim measures have been taken. The next steps are o continuewithdedicated
research programmes n order to fil information gaps on recruitment, reproduction, and

recovery rates: and 1o assist in the designation of important areas for immediate long-

Compared to other regions in Canada, DFONewfoundland and Labrador Region face
unique challenges regarding marine conservation, including agenerallackof

and pubi of. issues and

traditional approaches to fisheries management

47.1 PublicAwareness andUnderstanding

One challenge for Newfoundland and Labrador Region is the lackofunderstandingand
public awareness on environmental issues and processes related to marine

conservation. The economy of and L

resources suck as fishing, mining, forestry, and more recently oil exploration)
Educational programmes are needed to inform the public about environmental
processes to link nature with the processes of ecosystem functions. Thisapproach
would promote conservation awareness, but more importantly build acceptance of the

steps required (o ensure marine conservation and protection (e . MPAProcess)



The first step would be to assess the level of understanding the publichason

conservation issues and determine at what educational level (primary, secondary, etc.)

levels, such as through the school currculum. government-Jed programmes(e.g. Hunter
Education Courses), orthrough local media outlets e.g. FisheriesBroadcast, Land and
Sea, and VOCM Open Line). For example, at the provincial intermediate school level a

marine component was introduced to the Grade Eigh science curriculum in 2008. At the

high school level an optional sdience

into the 2009 curriculum (M. McKeon, Newfoundland and LabradorRegionalSchool

District, Nov. 19, 2009; District, 2009a)

Scientists from DFO were involved in writing sections for the new high school

environmental sciences text book (K. Gilkinson, DFO, personal communication, Nov. 3,
2009).which has been updated to reflect current Issues relevant to this province

(Eastern School District, 2009b)

For resurce users like fshers, educational awareness programmescouldbe
incorporated into icence agreements or as dackside educationa programmes (Lien,
1994). In addiion, short educational programmes could bedeveloped to help promote
enviranmental ssues via local media such as Canadian BroadcastingCorporation(CBC)
Land and Sea programme. Materialto produce such programmes coukl be provided by
Science Branch generated from local research (e.9. ROPOS Discovery Expeditions). To
increase public awareness on local environmental issues and processes related to

marine conservation within and Labrador,

programmes are key

Information on glabal policies (Le. UNGA Resolution 61105) that affect national and

regional issues and actions need (o be interpreted anddisseminated to the pubiic. The



terminology used in these policies is often foreign to mostreaders and events.
influencing such policies may not be well known. This s where NGOs (Non-Government

or tions). ENGOs and

conservation groups can help. Other regions in Canada have well-established

conservation groups (e.g. SIERRACIub, David Suzuki Foundation) and environmental

Centre) that play an

Such groups bridge the knowledge gap between convoluted legisiation, policiesand
environmental issues. The number of advocacy groups (e.g. Canadian Parks and

Wilderness Society, Conservation Corps, MUN Project Green) is growing within

and Labrador. y Wildife Fund (WWF)
chapter in St John's, as well as entered into a Collaborative AgreementwithOFO

Newfoundland and Labrador Region o promote a better working relationship and fund

. 2009
also working more closely with other environmental NGOS on conservation issues, as
evident by signing a Memorandum of Understanding with members of the coaliion of

national and regional non-governmental conservation organizations(DFO, 2007¢)

conflicts between the public and international animal rightsgroups (e.g. seal hunt
protesters). Asa result many Newfoundlanders and Labradoriansdistrustall
onvironmental groups and view them as extromist. Awareness through education and a

more "practical” presentation issues.

For oxample when whale entrapments were presented to fishers as a fisherios problm
and not only as an environmental one, the approach helped provideD FOscientistswith

the cooperation needed to resolve the issue (G. Stenson, DFONewfoundiandand



Labrador Region, personal communication, Dec. 8,2009). Thesame approach could be

used for by-calch issues related 1o corals,

As ‘front line’ workers, fishers can also play the roleoftheenvironmentaladvocat

Voicing concerns related 1o the sea. A good example of this was seen in the Maritimes

here.i i i These

fishers shared their ige on deep-sea coral
the first reported coral-gardens in Canada-nowprotectedwithin the Northeast Channel

Conservation Area (Lees, 2002). In Newfoundiand and Labradorsome fishers (and

-troes
(w. Bartlett, and L. personal oct. 10
2005). Fishers promote deep-sea conservation awareness bydisplayingmagnificent

specimens of large corals caught as by-catch (see Fig. 4.1984.20). Information fishers.
provide give scientist invaluable information on historicdistributionsofdeep-seacorals,

albeita snapshot in tme (Gass & Willson, 2005; Colpronetal. 2010)

Distributions of corals are being systematically studied in NewfoundlandandLabrador.

and eastern Canadian Arctic: however, we know very fitle about baseli

nform

of anthropogenic impacts on corals: past concentrations of large gorgonianswhich are.

now limited to only a few areas; as well as maximum size of individual colonies. Local
Ecological Knowledge (LEK) has boen utiized in previous deep-sea coral studies (Gass
& Wilison, 2005; Colpron etal., 2010)but needstobe investigated ingreaterdetail(see

Cowardetal,2000; Neis& Felt,2000). Retired fishers, whom have spent their entire

Ghanges of coral by-catch and may be less reluctant to withhold information, which may



ostracize them from olhers in the community(S. Fuller, EcologyActionCenlre, Feb. 8.

2009, personal communication)

“Out-of-sight, oul-of-mind" holds true when ilcomesto protection of deep-sea habilats
For Newfoundland and Labrador fishers who have spentiheirenlirelifeonthesea. the
only concept they have of these deep-water ecosysiems is derivedirom the inlact, or
mor typically, fragmented pieces of coral brought up in theirfishinggear(Figs. 4.198
4.20). For the few fishers who have been fortunate enough o see these systems in Their

naturalstate. 1

habitat and associated marine lfe (e.g. corals), 2)demonstrate the potenlial role of

these species in benihicecosystems, and 3.) most importantly, provide an

l Mostish:
are unaware of the role that corals play in benthic habtats. Toaskafisherlogiveupa
primary fishing area in order (o protect corals must appear unrealistic, anddifficultto

‘accepl, when encumbered with the pressures of bills to pay, quotas tomeet,and



Figured 1g.

and Labrador gillnet fisher; (L-R) Primnoaresedaeformis, Paraborgiaarborea, and

Desmophyllum dianthus from Makkovik Bank, Labrador Shelf

Figure 4.20. Examples of coral samples caught as by-catch by local Newfoundiandand
Labrador ishers; (L-R)Paramuriceasp. acquired off southern Newloundiand,and

Keratoisisornatafrom the northern tip of St. Pierre Bank

472 Traditional ManagementStyles and Advancements

Another challenge for marine conservation has been the traditional management style

and views ofDFO. The facus for DFO Newfoundiand and Labrador Region, likemost



regions, was managing fisheries as individual components (Le. single species stock

assessment), links between

hierarchical levels. As a result science priories focused on groundfishsurveys, and

the

Maritimes shifted towards an ecosystem-based approach, including the investment and

benthic surveys to

As for Newfoundland and Labrador, with the collapse of the cod fisnery, effortwas

placed on developing new fisheries utlizing traditional gear types (Roberls, 2007; B

Wareham, and L . porsonal Sopt. 11,
2008). Fisheries expanded into deeper waters as well as into Canada's easter Arclic

(DFO, 20063). The proximity of this province to international waters means lacal issues

necessary, adding additional challenges to managing resources in this region

Nonetheless, we have entered info a new era and management views are slowly
Ghanging as efforts are being made 1o align the region with a national direction (DFO,
20094). Funding provided through the International Governance Programme (IGP)
supported a three-year research project filed the Newfoundtandand Labrador Deep-
Sea Coral Project. The project focused on deep-sea coral distributionsandbiodiversity,
and explored coral biology and ecology, and associated species (see Gilkinson&
Edinger, 2009). The project concluded in 2007 with the DiscoveryCruise using the latest
deep-sea technology, ROPOS (see www.ropos.com). Additional funding has been

providedforfurtherdeep-searesearchoncorals. sponges, andVMES, throughthe




Re-allocation of limited resources into essential research areas within the region wil take

I inthat and

Labrador region is significantly larger than any others in Canada. Anotherisacquiring
proper research tools to carry out "on-destructive or low impact' sampling techniques
that will have minimal impact on benthic communilies (e.g. ROVS, deep-sea cameras)

An

tal investment in a Remotely Operated Vehicle (ROV) would be costly but highly
beneficial because it has the capabilty to conduct benthic surveyS, maphabitats.

monitor changes, document impacts, educate the public through videofootage. and

physical, 2007,
Koslow, 2007, Robertsetal. , 2009). Thesedeep-seaROVeruisesare infrequent and
are jointly funded through DFO and other agencies (¢.9. NSERC). In2010, ROPOSwil

bedeployedofiNewfoundiandontheOrphanknoll, FlemishCap, andTobin's Point

Other ressarch options include investing in deep-sea camera systemsthatcan
document in situ observations in combination with traditional surveys. The Newfoundand

and Labrador Desp-sea Corals Project has acquired such a camera system that can

platforms needed to launch i As funds become available, the projectteamanticipates
using the system, along with other tools, to ground-truth candidateVMES. Acquiring
modern sampling tools and relable platforms are basicnecessities for deep-sea
resarch. However, these tools can be used in many different environments, not just the
dacp-sea. This i especially importantin Newfoundiand and Labrador: to replace

traditional methods of trawl surveys currently being used

Recently, DFO Newfoundiand and Labrador has made advances in adoptingan

ecosystem approach through broadening research areas and methodologies. Research



surveys, which have traditionally targeted commercial species, have been expanded to
include non-commercial species including megafauna such as coralsandsponges(e g

NEREUS P i 4). and Labrador's

on out Splicers implemented i the.
fallof2007, and isa new Ecosystem Research Initiative (ERI) for the Newfoundland and
Labrador Region. This programme will contribute data, promote the ecosystem

approach,

shelf marine ecosystems in the region

Deep-sea coral by-catch data are regularly collected in most Canadian waters and were.

used o (Wareham & Edinger, 2009) and areas of
high concentrations of corals off eastern Canada (Warsham, 2010). The Newfoundiand
and Labrador Deep-sea Corals Programme has expanded i 2008 o includethe
Gollection of deep-sea sponge data and is investing in localtaxonomic expertise on
sponges. I addition, digital cameras have been issued toall Newfoundlandand
Labrador fisheries observers to aid with species identification anddocumentationof

sponge by-catch at sea. Similarspongedatasets have been developed and utiized in

010 010).

be easily developed in a similar manner (e.g. bryozoans and hydroids). Once developed.

order to help
scientist identify important areas of high biological diversily, aswellasassistresource

managers in delineating areas for protection

groups related to identifying VMEswithin Canada’s EEZ and the NRA developing

national coral-sponge encounter protocols, and drafting a Newfoundland, Labradorand

Aswell, theregion



is now home for two new national centres: Cenire of Expertise (CoE) inAquaticHabitat

20091) Reefs

(DFO, 200ge). The CoE in Cold Water Corals and Sponge Reefs has released the
Status Report on Coral and Songe Conservation in Canada (Campbell & Simms. 2009).
which will be used to help development the conservation strategyfor the northwest

Atantic. Currently, the Maritimes Region has a strategy in place which will be revised in

2010 and its anticipated that there will be strong similarities between the two strategies

immediate urgency o protect important areas and VMES that are currentlyunderthreat
rom bottom fishing. Marine Protecied Areas offe the highest level of protection but the.
process of establishing MPAs is complex and time-consuming. Immediate closures arc
needed and can be implemented under the Fisheries Act. Managementdecisionsshould

be based primarily on scientific data with socio-economic considerations coming second

Another challenge with traditional management styles is how we conduct business;
namely, howwefish. Trawiing. alsoreferredioasdrad9ing. isgenerally viewed by the
sclentific communily as one of the most desiructive mehods of fishing (Morgan &
Chuenpagdee. 2003; Fulleretal., 2008b; Roberlsetal.. 2009). It indiscriminate:

* path, habitats and

ecosystems in the area swepl(DFO, 2006d; Rice, 2006; Gordon eta1..2006). Thereare
parts of the world where trawling is now banned (WWF, 2005a, 2005b; Associated

Press, 2005; Pennyetal. 2009). However, the government of Canada stll permits

trawling but is working with industry to better understand the environmental impacts of

suchfishinggear(DFO, 2006¢)



In the Newfoundiand and Labrador and Arctic regions, trawiing continues to be the most-

2008b). trawiing has ot
changed since its introduction in the early 1900s. Slight gear modifications have been
made to increase ifs versatiity and effectiveness (e.g. rock hopper gear) as well as
adaptations (0 reduce by-catch (e.g. NordmoreGrate, Turlle Exclusion Devices)
However, no modifications have been implemented to reduce the impact on the sea floor
and the organisms that inhabit i (e g. deep-sea corals and sponges). There is ongoing

research at the Marine Institute (MUN) to reduce bottom contact oftrawlnetsbyflying

marketed (P. Winger, Marine Institute, personal communication, Nov. 12, 2008). Roberts
(2007) states it best: "bottom trawl nets will always crush and sever bottom.-lving species
like corals. The only solution for this gear is to ban itcompletely, orgreatlyrestrictwhere
it can be used". The latter may be the best hopeforprotectingandconserving deep-sea
corals in the Newfoundiand and Labrador region, especially as fisheries uliizing trawi
gear expand into Canada's arctic. In NewZealand. fisheriesmanagers have been
successful in controlling where bottom gear is used, with trawis restricted o areas

previously fished while virgin areas are off-lmits (Penny et al., 2009)

Fixed gears (e.9. longline, giinets. and crab pots) used i this region have been shown
to capture corals (Wareham &Edinger, 2007; Edingeretal.. 2007ab). butthistypeofby-

catch could be reduced with minor gear modifications. For example, if crab pots were

singularlydeployed. as in the Alaska crab fishery (Alaska Departmentof Fish & Game,

009)

IggsiLien.



o

Further research is needed to investigate additional options

With the establishment of MPAs in eastern Canada, progress has been made to protect
deep-sea corals. Strategies used for each area were discussed. Aswell, priorityareas

within

and recommendations were suggested as potential solutions. To reiterate, several

First, even with these protection efforts, there is sill an urgent need to identify and

L are now

being consistentlydocumented,and several locations identified for i sin research have
been explored. Nevertheless, this region continues to lag behind others when it comes
to permanent protective measures (Le. MPAS). The process of MPA selection and
designalionis lengthy and complex. However, for highly-disputed areasihe Fisheries Act
may be the bes! conservalion tool to prevent further damage, especiallypriortoanMPA
designation, as seen in the Danwin Mounds Closure (see Robertselat. 2009). Several
candidate VMES (e.g. Hatton Basin) could be closed immediately with minimal socio-

economic impacts due 10 the lack of fishing in these areas. Forlhe Hation Basin, the

but legislation i
long-lived species found inside and outside the presentclosure. These coral species are

highly sensiliveto bottom fishing dislurbances(Kreiger, 2001 ), andareamongthe

2009)

Second, i

(e.g. corals, sponges, habitat mapping using multibeam). Theregionhasmade.



substantial progress ith the Newfoundland and Labrador Deep-sea Corals, and

NEREUS Programmes. However, these programmes are largely dependant on short-

term funding

surveys. Information gaps on recruitment, recQueryrates. historic abundances and

diversity of deep-sea corals are key areas of research. Tofillsuchgaps. long-term

Research is needed on gear

and Oceans Canada is providing ongoing funding for VMES and coral researchvialGS

but additional capital investments toward modern technologies (e.g. ROVs, drop camera

good science

Third

institutions; nationally and internationally. The cost of deep-sea research maybe more

than one organization or insttution has the capacity to carry. Therefore, it is

example, on the high
S0as to map the sea floor using multibeam sonar, combined with ground-truthing (1
benthic sampling using box cores and dredges). The objectives ofthis project are to
identify potenial VMESs and to assess impacts of deep-sea fisherieswithintheNRA
focusing on Flemish Cap, Flemish Pass, Beothuk Knoll, and the noseandtailofthe
Grand Banks (DFO, 2009g). In 2010, DFO (Newfoundland and Labrador, and Maritimes
Regions) will collaborate again with MUN on a deep-sea expedition toOrphanknoll, off
northeast Newfoundiand to compare physical and biological characteristicsofthis

unique seamount with the adjacent continental shelf siope habitats (¢.g. Orphan Spur)



Other projects and collaborations are being developed, which will include ENGOs such

asWWF(DFO, 2007¢, 2009c)

For policy planning, colaborations within DFO will be important. For example, the
Newfoundland and Labrador Coral and SpongeStrategy, withsupportbyEcological
Risk Analysis Framework willbe key in future conservation measures for corals and
sponges. Another important collaboralion is the Canada Newfoundiand and Labrador
Offshore Petrolum Board and DFO Habitat Managemen, to help protect corals and

identify candidate VMES from non-fishing activiies (e.g. oil and gas exploration)

The final step necessary to successfully achieve coral protection in Newfoundiand and

L 0 andits role as managers
of the ocean. Getting the public and industry onside will be the most difficult, but crucial
part. It vill require hard work and diligence through education programmes transparency

in management agendas, and communication campaigns o promote collaborative deop-
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APPENDIX 1: SYSTEMATIC LIST OF THE PHYLUM CNIDARIA: CLASS
ANTHOZOA NEWFOUNDLAND AND LABRADOR, AND BAFFIN

ISLAND, CANADA

documented off

Newfoundland, Labrador, and southeast Baffin Island regions: speciesdocumentedare
in 'bold. Species documented more recently but not mentioned i this body of work are

L System (ITIS) for

the exceptions of Paraslenelfa atlaniica listed under the UNESCO-IOCRegisterof
Marine Organisms (URMO), and Heleropofypus sp. listed under World Register of
Marine Species (WoRMS)

PhylumCnidariaHatschek, 1888

Order Scleractinia Bourne, 1900 - stoneycorals
SuborderCaryophyliina Vaughan and Wells, 1943
‘SuperfamilyCaryophylicae
FamilyCaryophyllidaeDana, 1846
Dasmosmilialymani Pourtales, 1880
Desmophylum dirthus (Esper, 1794)
Lophelia pertusa (Linnaeus, 1758)
Vaghanella margariata uwuam 1885)
Family Flabelidae (Bourne, 1905)
ellumalabastrum Moseley. 1876
Flabellumangulare Mossley, 1676
FlabellummacandrewiGray. 1849
Javania cailleti(Duchassaing & Michelott, 1864)
Subclass Ceriantipatharia Van Beneden, 1989
Order Antipatharia and Haime, 1857-

Family Antipathidae Ehrenberg, 1834
Stichopathes sp
Bathypathes sp
Famty Sizopltidae Bk 1680
Stauropathes arctica (Lulken 1871)



SubclassOctocoralla Haeckel. 1866
OrderAlcyonaceaLamouroux. 1816-softcorals.

SuborderAlcyoniina-true softcorals
FamilyAlyonidssLamourous 1812
sgrancforus Ve
Snihomestutet purp
“anthomastusagariods
‘Heteyopolypus sp
\Driaglomerata (Vorr 1569)
D B, 79061
Ve

Duva mul
“Gersemiafru
Goreoma rformis (Envenbers. 1834
SuborderCalcaxonia
Famiysiidse Lamourau. &
oarbuscula (ohmson 1262
Keratarssemata tver 3678)
FamiyPrimnoidas
rimnoa resedacformis (Gunnerus. 1763
ravastaneeatintia Caime 3007(206 URMO)
Suborder Holaxonia Studer. 1687
Famiy Acanihogorgidas Gray. |
insoergia amera Vel 1878
iy hrvsogorgid veri, 103
ogordiasqaseisivori, 1853
Rotioimocaraeis v 1954
Famiy MerauidasGray. 1850
muriceagrandis Veril, 1683
Paramurizes placomus (innaeus. 1758)
SuborderScleraxoniaStuder. 1887
Family Anthothelidae Broch. 1916
thothela grandifiora (Sars. 1856)
FamiyParagorgidae
ragorgia arborea (Linnaeus. 1758)
Parsgorgisiohnei



OrderPennatulaceaVerrill, 1865-seapens
SuborderSessilfioraeKukenethal, 1915

FamiyAnthoptiidaeKikr, 1880
thoptilumgrandifiorum (Verril, 1879)
FamilyFuniculinidaeLamarck. 1816
iniculinaquadrangularis yPa//as 1766)
Family KophobelemnidaeAsbjOmsen
Kehoeramnon stonforsm Milr, 1776)
Family Ombellulidae Williams. 1995
mbellulalindahil KGilkr. 1672) Ombolluie)
Umbellulaencrinus (Linnaeus. 1.
Famy Protapiidas Koliar, 1672
tichoptilumgracile (Verrl, 1882)
Protoptiumcarpentori Ketker, 1672
SuborderSubsellfioraeKukenethal, 1915

lule)

FamiyHaipteriseiiams 1995
ipterisfinmarchica (Sars, 1851)

FamilyPennatulidacEnrenber9, 1828
Pennatula aculoata Danielssen, 1860
Pannatuiaboraalis I Sars, 1848(=P. grandis)
Pennatuiaphosphorea Linnaeus.

FamilyVirSulariidaeVerrl. 1868
Virgulariamirabilis (Muller, 1776)

Caims, S.D. (2007). Studies on Wester AtanticOctocoraliia (Octocoraliia
Primnoidae). Part 8 : New records of Primnoidae from the New Engtnd and Corner
Rise Seamounts. Proceedings of the Biological Society of Washington, 119(2),243-

Integrated Taxonomic Information Systems (2010). URL: hitp://wvwnw. s gov/indexhtmi

UNESCO-I0C Register of Marine Organisms (2010). URL
hitp:/h

pww marinespecies.org/urmo/index php

World Register of Marine Species (2010). URL: hitp:/www.marinespecies.orglindex php



APPENDIX 2. IDENTIFICATION GUIDE TO DEEP-SEA CORALS
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land, Canada

Canada




APPENDIX

: DISTRIBUTION MAPS AND DATA USED IN THE PRODUCTION
OF MAPS FROM CHAPTER 2 (WAREHAM & EDINGER, 2007) AND CHAPTER

3 (WAREHAM, 2009)

Compact Disk includes; distribution maps (PDF format), data used in maps (Microsoft

Excelformat),and identification guide to deep-sea corals (PDF format)



NEWFOUNDLAND, LABRADOR, AND BAFFIN ISLAND, CANADA

Department of Fisheries and Oceans
Deep-sea Coral Collection Protocol
-Sea Coral Collections:

The following isa general collection protocol for all corals encounteredduring
allDFOandpartnershipsurveys

Note: coral data (weights and species codes) are to be entered into the FFS
database at sea

+ Identify all corals to species level and assign a DFO species code with the
aid of the L p-sea Coral
Guide. If a sample is unidentified or uncertain, code as '8900"

* Record total weight of corals by species

+ Place individual coral species in separate bag along with a labelied
waterproof tag, and freeze. Whenwritinglabelsuseonlyaballpointpen
or pencil i order to prevent smudging of ink on label when wet

Protocol for unique circumstances:

+ For large corals take a picture of the enlire sample with a scale(i.e. ruler,
hand, coin etc.), anda label which must be placed in the photo
Always review photos to ensure clarity of each label in each photo. There
will be a corallsponge camera assigned to every survey trp (see the Chief
ScientistiTechnician for access of the camera)

o

o Iffreezer space is limited or the coral is too large for the chute,
recordtotalweight, thencuta subsample(>ZOcm)from both the
base and tip of the specimen and bag, tag & freeze: it would be
desirable to store the remainder of the specimen somewhereonthe
vessel if possible

« Ifa set has numerous small pieces of one species (ie. caulifiower coral),

separate out to the best of your abilly, and record total weight. Freeze
only a smallsubsample(-Z-3 pieces) of the total catch



October 1,2009
Department of Fisheries and Oceans
Sponge Collection Protocols (NEW)

Sponge Collections:

Vulnerable Marine Ecosyslems (VME) and are of particular inlerest 10 DFO.
especiallyquanlifying levels of abundance and determining speciesdiversily
Sponges are nowcollecled alsea on all mullispeciessurveys. However,

at sea. Inslead all sponges will be separated by visual differences only and
represeniative samples of each lypewill be kepi and frozen

sponges, esp large
nolprocessedinihewetlab

Each camera will be the responsibililyofineChiefScientisVTechnicianin
charge of each Irip, an
Bill BrodieorVondaWareham altheend of each trp. Ifalripisterminaled in
another port besides St. John's il is the responsibililyofihe Chief
ScientisVTechnician to assign Ihecamera 10 the nexlperson in charge, or
ensure Ihecamera isrelumed toeilherBii orVonda

‘The following is a general colleclion prolocol for all spongesencountered
during all DFO and partnership surveys. Pleasefollowsteps in sequencelo

1. Normal Sets: separate all sponges by visual differences only info

spongeand recordinFFSdalabase
bag separalely 1 represenlalive sample of each sponge

Iypeinorderlodocumenispongediversily

o Label each sponge type as A, B, orCand place al represenialive
samples of each sponge type from the same seltogetherin a
secondarybagwithlrip/selnumber
Note on catchiset sheet f only 1 species was captured inlotal
catch,

it con
belaken. However, subsamplesmusIconsislofacross-seclion of
the sponge in order to adequalely samplelissue from Ihe core and
theexlernalpartofihesponge, whichcandiffer



Sponge Collection Protocol continued:

sels; For large sponge sels Ihal are shovelled offlhetrawl
deck and nOlprocessed below in Ihewellab, Ihefollowingslepsmusibe
laken:

Estimate the totalweightofihe sponge catch using the aclual
weighlofalleas1 represenlalivesample

number of species

Photography total catch on deck WITH;
+ labeltrip/setwriten large and clearly on cardboard)
« scale (ie. person, Irawldoor, elc.}

+ subsample (idenlifybyplacinginbaskel)
NOTE: Jabelsmust
of Gardboard wilh Irip/sel#) and writing mus! be large enough to see
from a dislance. Preview each pholoto ensure readabilily of label

Tips for success: forconsislency assign 1 individual per shift lo cover
sponges including responsibility of camera. When pholographin9 sponges on
deck use Ihefollowing guidelines;

' Notify deck crew of sponge prolocol especiallywilh large catches
v Befamiliarwith Ihecameraa headoflime

v Be prepared and have cardboard labelsreadywilh marker on deck
v

Labels musl be large enough to see from a distance and include
trip/setnumber

" label}
¥ Most importantly preview all pholos for clarily especially legibilty of
label

For further informalion conlac

Bill Brodie (709)772-4718  bill brodie@dfo-mpo.gc.ca
KeniGilkinson ~ (709)772-4718  kent.gilkinson@dfo-mpo gc.ca
Vonda E. Wareham (709) 772-2604 vonda.wareham@dfo-mpo.g.ca
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