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Abstract

Deep-sea corals were mapped using incidental by-catch samples from stock assess-
ment surveys and fisheries observations. Thirteen alcyonaceans, two antipatharians,
four solitary scleractinians, and 11 pennatulaceans were recorded. Corals were broadly
distributed along the continental shelf edge and slope, with most species found deeper
than 200 m; only nephtheid soft corals were found on the shelf. Large branching corals
with robust skeletons included Paragorgia arborea (Linnaeus, 1758), Primnoa rese-
daeformis (Gunnerus, 1763), Keratoisis ornata (Verrill, 1878), Acanthogorgia armata
(Verrill, 1878), Paramuricea spp., and two antipatharians. Coral distributions were
highly clustered, with most co-occurring with other species. Scientific survey data de-
lineated two broad coral species richness hotspots: southwest Grand Bank (16 spp.) and
an area of the Labrador slope between Makkovik Bank and Belle Isle Bank (14 spp.).
Fisheries observations indicated abundant or diverse corals off southeast Baffin Island,
Cape Chidley, Labrador, Tobin’s Point, and the Flemish Cap. Corals on the Flemish Cap
comprised exclusively soft coral, sea pens, and solitary scleractinians. Most coral-rich
areas were suggested in earlier research based on stock assessment surveys or Local
Environmental Knowledge (LEK). Currently there are no conservation measures in
place to protect deep-sea coral in this region.

Deep-sea corals can be found worldwide (Freiwald and Roberts, 2005), but until re-
cently data on their distributions in the Northwest Atlantic Ocean were limited (Col-
lins, 1884; Deichmann, 1936; Miner, 1950; Nesis, 1963; Tendal, 1992, 2004; Breeze et
al., 1997, Maclsaac et al., 2001; Gass and Willison, 2005; Watling and Auster, 2005;
Mortensen et al., 2006). Within the last decade, knowledge of corals in eastern Canada
has increased dramatically, with attention being primarily focused on the Scotian Shelf
(Breeze et al., 1997, Maclsaac et al., 2001). The continental shelf and slope of New-
foundland and Labrador have received very little attention (Nesis, 1963; Tendal, 1992;
Gass and Willison, 2005). This study presents deep-sea coral distribution patterns and
diversity data in an area that has, up to now, received only exploratory treatment.

In Atlantic Canada, deep-sea corals have been found at depths > 200 m primarily
along the continental shelf edge and continental slope, particularly near submarine can-
yons or saddles where the shelf has been incised (Breeze et al., 1997, Maclsaac et al.,
2001; Gass and Willison, 2005; Mortensen and Buhl-Mortensen, 2005b). Such bathy-
metric features are considered good habitat for corals because they are associated with
strong currents that winnow away fine sediment, exposing harder substrates, and provide
areliable source of fine particulate organic matter for suspension feeding corals (Hecker
et al., 1980; Harding, 1998). Conversely, increased sedimentation can be hazardous to
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corals, congesting polyps and inhibiting feeding processes (Hecker et al., 1980). Hard
substrates are believed to be important, especially to larger gorgonian corals such as
Primnoa resedaeformis and Paragorgia arborea; two species that are typically found at-
tached to cobbles, boulders, or bedrock (Mortensen and Buhl-Mortensen, 2004, 2005a;
Mortensen et al., 2006). Other corals have a calcareous holdfast for anchoring in soft
sediment (e.g., Acanella arbuscula). Many solitary Scleractinians such as Flabellum
alabastrum simply lie on the ocean floor, while others, e.g., Desmophyllum dianthus
usually retain a holdfast.

Deep-sea corals are slow-growing and long-lived (Lazier et al., 1999; Andrews et
al., 2002; Risk et al., 2002; Roark et al., 2005; Sherwood et al., 2006), and can reach
heights up to 2.5 m (Miner, 1950; Tendal, 1992; Breeze et al., 1997; Mortensen and Buhl-
Mortensen, 2005). Large corals increase complexity of benthic environments through
their arboreal growth and robust skeletons (Krieger and Wing, 2002); in turn, these
structures can create habitat for other benthic organisms during some stages of their life
history (Auster, 2005). Large sessile organisms, however, are more susceptible to anthro-
pogenic disturbances, especially fishing gear in contact with the ocean floor (Watling
and Norse, 1998; Krieger, 2001; Fossa et al., 2002; Hall-Spencer et al., 2002; Thrush
and Dayton, 2002; Anderson and Clark, 2003). The Northeast Newfoundland Shelf,
southern Labrador Shelf, and the Grand Banks of Newfoundland have been subject to
intense bottom trawling, (Kulka and Pitcher, 2002). As shelf stocks were depleted, fish-
ing effort shifted to deeper waters on the slope, with potentially severe consequences for
deep-water ecosystems (Koslow et al., 2000).

The goal of this study is to map the distribution and diversity of deep-sea corals off the
coasts of Newfoundland, Labrador, and southeast Baffin Island using incidental by-catch
from scientific surveys and fisheries observations aboard commercial vessels. General
information on the distribution patterns of deep-sea corals and their diversity in the
region is limited, and the extent to which they have been impacted by fishing activities
in the Newfoundland and Labrador region is unknown. This study presents distributions
and depth ranges of individual coral species and highlights areas with high diversity and
abundance of deep-sea corals in waters off Newfoundland and Labrador, Canada. The
study area in question encompasses the continental shelf and slope of the Grand Banks
of Newfoundland, Northeast Newfoundland Shelf, the Flemish Cap, Labrador Shelf,
Davis Strait, and Baffin Basin. It is our hope that this work will add to the growing
information on deep-sea corals in Atlantic Canada (Cairns and Chapman, 2001; Gass
and Willison, 2005; Mortensen et al., 2006) and provide necessary data to help conserve
coral habitat in the Northwest Atlantic.

Materials and Methods

Coral data was gathered opportunistically from three sources, commencing in 2002
up to and including May 2006. The Canadian Department of Fisheries and Oceans
(DFO) Multispecies Stock Assessment Surveys covered central and southern Labrador
as well as northeast to southwest Newfoundland, but excluded the Gulf of St. Lawrence.
The Northern Shrimp Stock Assessment Survey, co-sponsored by the Northern Shrimp
Research Foundation and DFO, covered the southeast Baffin Island and northern Lab-
rador. Observations from the Fisheries Observer Program (FOP) were the third source
of data, and covered a broader area, extending from Baffin Basin to the Grand Banks
and the Flemish Cap. Each data source encompassed different management zones and
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incorporated slightly different sampling techniques. Therefore, each source is discussed
separately.

Multispecies stock assessment surveys and the northern shrimp survey.—DFO
multispecies stock assessment surveys (2002-2006) consisted of an annual spring and
fall survey aboard the Canadian Coast Guard Ship (CCGS) WILFRED TEMPLEMAN and
the CCGS TeLEOST. Survey tows followed a stratified random survey design and covered
NAFO (Northwest Atlantic Fisheries Organization) divisions 2HJ (southern Labrador),
and 3KLMNOP (northeast-southern Newfoundland, and The Grand Banks). The CCGS
WILFRED TEMPLEMAN conducted shallow water tows < 700 m, while the CCGS Te-
LEOST conducted both shallow and deep water tows < 1500 m. Research Vessels (RV)
used in the study were equipped with a Campelen 1800 shrimp trawl with rockhopper
footgear: tight rubber disks (102 x 35 cm diameter) with spacers along the footrope.
The 16.9 m wide net had four panels constructed of polyethylene twine: wing panel 80
mm mesh size, the square and first belly 60 mm mesh size, the second belly and cod
end 40 mm mesh size with a 12.7 mm liner in the cod end (cf. McCallum and Walsh,
1996). Tow duration was 15 min at 3 kt (+ 1 kt); average tow length was 1.4 km (0.79
nmi), and tows were conducted along a consistent depth contour. The area swept was
calculated by multiplying net wing span by tow distance for an average swept area per
tow of 0.025 km? (0.073 nmi?). The total area that can be surveyed by DFO per year for
all NAFO divisions in the region was 690,676 km?. However, not all NAFO divisions
were surveyed each year: divisions 2J and 3KLNOP were surveyed in each year from
2002-2005, but not consistently; divisions OB and 2G were surveyed in 2005; division
2H was surveyed in 2004. Each catch was sampled for fish species, and sub-sampled
for invertebrate by-catch. Individual coral species were assigned a numerical species
code with the exception of pennatulaceans, which were grouped. All suspected corals
were assigned a species code, bagged, labelled with locator number, and frozen. DFO
technicians and scientific crew were provided with coral identification guides produced
by the Bedford Institute of Oceanography and by the authors. Training workshops for
DFO crew and fisheries observers were organized in 2004 and 2005 by the authors. All
specimens were forwarded to Memorial University (MUN) and identified by the authors
using gross morphology (shape, size, hardness, color, and presence/absence of horny
axis), polyp morphology, and, in some cases, sclerite description using Scanning Elec-
tron Microscopy. Photographs of coral species are presented in Figure 1.

The Northern Shrimp Survey was conducted from late July to early September 2005
on the Fisheries Products International vessel MV CAPE BALLARD. This was the first of
five annual research deployments scheduled for the Artic Region. Survey tow methods
were standardized with DFO surveys and followed a random stratified sampling pro-
gram at depths of 100-750 m in NAFO divisions OB (southeast Baffin Island) and 2G
(northern Labrador). All research surveys were standardized with the assumption that
each catch was searched meticulously; therefore any coral caught within a given set was
assumed to be almost always recovered by the RV technicians, and lack of corals in a
given set was interpreted as absence of coral in that sample.

Fisheries observer program.—Fisheries observers are deployed aboard Canadian
and Foreign fishing vessels and are responsible for monitoring compliance to fisher-
ies regulations and for the collection of scientific and technical data related to fishing
operations (Kulka and Firth, 1987). Fisheries managers and scientists use these data to
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manage and study fisheries. Observers are deployed in most fisheries in the region cov-
ering a broad array of depths extending from Baffin Basin to southern Newfoundland
and the Flemish Cap. Prior to collecting corals, all observers were equipped with the
same identification guides as the RV technicians, and participated in coral identifica-
tion workshops in 2004 and 2005 organized by the authors. Coral data were collected
between April 2004 and May 2006. Observer coverage at sea varied between 0—100%
depending on the fishery, quota allocation, gear type and NAFO division. Sampling
protocol required each observer to submit at least one sample of each coral species en-
countered on each trip, and to record all other occurrences of each coral species on set/
catch data sheets. 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 with an identified sample previ-
ously submitted by the individual observer reporting the record. Data from fisheries
observers had several limitations. First, distribution data from observers were biased by
fishing effort. Second, unlike the RV surveys, observer coral data were not standardized
for variations in tow length, gear type, and search time. Finally, observers may not have
had sufficient search time to locate all corals within a catch, especially in high volume
fisheries such as shrimp. Given these limitations, observer data were treated as presence,
but not absence, of coral species.

Definition of coral species richness hotspots and abundance peaks.—Coral spe-
cies richness hotspots were identified qualitatively in the scientific survey data as areas
with higher species richness per tow than surrounding sets. Observer data were not used
to identify coral species richness hotspots, but were used to describe the range of indi-
vidual species, and to characterize coral distributions in areas not covered by the scien-
tific surveys.

Mapping of deep-sea coral.—Data from research surveys (Multispecies and North-
ern Shrimp Surveys), and samples and records from observers were combined into a
master database and mapped in MapInfo Professional 8.0 Software. Bathymetry data
were obtained from the General Bathymetric Chart of the Oceans (GEBCO, 2003). Dis-
tribution maps were verified visually for accuracy and cross checked with data points
plotted on Canadian Hydrographic Service bathymetry charts. Any discrepancies were
investigated and adjusted appropriately.

Results

Multispecies stock assessment surveys and northern shrimp survey.—Thirty-five
research surveys carried out between December 2002 and January 2006 were explored:
2002 (1), 2003 (2), 2004 (10), 2005 (19), and 2006 (3). The 34 multispecies surveys yield-
ed 1968 tows from NAFO divisions 2HJ and 3KLMNOP. The one Northern Shrimp Sur-
vey yielded 227 tows from NAFO divisions OB and 2G. The total area swept was 52.75
km?, or approximately 0.00685% of the survey area. NAFO divisions 3Pn (2002 only)
and 3Ps (2005 only) were the only divisions within the region in which surveys covered
> 0.01% of area within the time frame of this study. One area was not adequately sur-
veyed, a small area adjacent to Hudson Strait in the Labrador Sea (~61°20"N, 62°30"W).
It was excluded because of the high probability of gear damage due to rough substrates
and the reported concentrations of large gorgonians (e.g., P. arborea, P. resedaeformis)
found in this particular area (D. Orr, DFO, pers. comm.). In total, 976 coral specimens
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were collected from 622 scientific survey sets that captured at least one coral specimen
per set. See Table 1 for a summary of each species frequency, mean depth, and range.

Fisheries observer program.—From January 2004 to May 2006 fisheries observers
documented 1304 coral occurrences from nine of the 25 directed fisheries operating in
the region: 397 occurrences were from submitted samples and 907 were from records
only (Table 1). The Greenland halibut (Reinhardtius hippoglossoides) fishery had the
highest frequency of coral by-catch (n = 677) and fished the deepest depths (average
depths 889—-1070 m depending on gear type) on the continental slope (Table 2). Fishing
effort was concentrated in deep waters off the southeastern slope of the Baffin Island
Shelf, the southeast Labrador slope, the Northeast Newfoundland Shelf, and in a deep
water trough of the Northeast Newfoundland Shelf called Funk Island Deep (Fig. 2A).
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.
Fixed gear was also used, benthic longline and gillnet, but mainly off the southwest
Grand Bank, in areas unsuitable for trawling.

The northern shrimp (Pandalus borealis and Pandalus montagui) fishery had the sec-
ond highest frequency of coral by-catch (n = 226) with effort concentrated on the Labra-
dor Shelf edge (average depths 349—415 m depending on gear type; Table 2). Three trawl
types were utilized: shrimp, twin, and triple trawls. Mandatory Nordmore Grate bycatch
reduction devices (22—-28 mm bar spacing) were used in conjunction with each gear type
to help reduce by-catch of mobile species. The grate allows shrimp to pass through and
into the net, while oversized by-catch are redirected out through an exit door in the top
panel of the net.

Both the shrimp and Greenland halibut fisheries deployed multiple gear types but
only the latter used both mobile and fixed gear classes. Overall, mobile gear captured
943 coral occurrences (samples and records), compared to 363 occurrences by fixed gear
(Table 3). The Otter Trawl had the highest frequency of coral by-catch (n = 636) of all
gear types. Other fisheries in the region captured corals as well and are summarized in
Table 2. Further analysis of coral by-catch patterns among directed fisheries and gear
types will be published separately.

Deep-sea coral distribution and diversity patterns.—Twenty-eight deep-sea coral
species were identified in the region, with two additional forms represented that have not
been identified to species level. In total, there were 13 alcyonaceans, two antipatharians,
four solitary scleractinians, and 11 pennatulaceans (Table 1; Figs. 1, 2).

The order Alcyonacea was subdivided into three informal groups: soft corals with pol-
yps contained in massive bodies, gorgonians with a consolidated axis, and gorgonians
without a consolidated axis (Bayer, 1981). See Figure 2A for alcyonacean distributions.

Soft corals consisted of one alcyoniid (Anthomastus grandiflorus) and at least two
nephtheids (Gersemia rubiformis; Capnella florida), however, a third nephtheid species
was suspected. Because of uncertainty in identifying nephtheid corals to species, all
nephtheids were mapped as a single group.

Nephtheids (n = 898) had the highest frequency of all species documented. Gersemia
rubiformis (Fig. 1X), was the only species in the study that was consistently distributed
on the continental shelf (n = 308). Depth for this species ranged between 47-1249 m with
average depths < 174 m. Individual colonies were < 5 cm high (when frozen and con-
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Table 3. Summary of coral by-catch frequencies by species, target fishery, gear class, and gear
type; data from fisheries observations documented between April 2004 and January 2006.

Gear types per coral frequency

Fixed gear Mobile gear
Crab Otter Shrimp Twin Triple

Coral Pot Gillnet Longline Trawl Trawl Trawl Trawl Total
Capnella florida 32 4 2 74 63 40 - 215
Gersemia rubiformis 72 21 1 26 16 6 - 142
Nephtheid - 1 - 1 1 - - 3
Anthomastus grandiflorus — — 2 8 4 1 1 - 16
Primnoa resedaeformis - 1 - 2 14 - - 17
Paragorgia arborea - 2 1 10 6 - - 19
Keratoisis ornata - - 21 3 - - - 24
Acanella arbuscula 14 44 7 100 - 72 - 237
Acanthogorgia armata 2 3 12 27 - - - 44
Radicipes gracilis - 6 9 2 - - - 17
Paramuricea spp. 7 1 1 18 - - - 27
Antipatharia - 14 1 17 - 3 - 35
Flabellum alabastrum - 6 3 56 - 22 1 88
Desmophyllum dianthus - 1 1 - - - - 2
Vaughanella margaritata - 3 - - - - - 3
Pennatulacea 1 41 16 296 1 48 12 415
Total 128 150 85 636 102 192 13 1,304
Gear total 363 943

tracted), had a wide range of colour variations, and were frequently observed attached to
pebbles, broken shells, and live gastropods.

Capnella florida (Fig. 1Y) was mostly found in deeper waters on the continental shelf
edge and slope (n = 499). However some samples were captured in shallower waters on
the shelf. Depth for this species ranged between 47-1404 m with average depths > 444 m.
Individual samples were massive bodied colonies < 15 cm high, with multiple branches
that terminated in clusters of non-retractable polyps. Colonies were mostly black with
some variations of brown and beige. Attached substrates consisted of mostly rock and
gravel, but some colonies were observed attached to live gastropods and sponges.

Anthomastus grandiflorus (Fig. IW) was found only on the shelf edge and slope of
the southern Labrador Shelf, Northeast Newfoundland Shelf, and the Grand Banks of
Newfoundland (n = 65). The depth of this species ranged between 171-1404 m with
average depths > 821 m. Most individual colonies, when contracted, were < 5 cm high
characterized by a capitulum that had long polyp tubes and large polyps extended from
the cap. Individual colonies were supported by a sterile basal stalk that was observed
attached to pebble and cobble substrates. One juvenile specimen was observed attached
to a Keratoisis ornata stem.

Seven species of gorgonian with a consolidated axis were recorded: Acanella arbus-
cula, Acanthogorgia armata, Paramuricea spp. (Paramuricea placomus and Paramu-
ricea grandis), P. resedaeformis, K. ornata, and Radicipes gracilis. Most of these have
large (> 30 cm) fan-like skeletons, with the exception of A. arbuscula and R. gracilis,
which are usually smaller.

Acanella arbuscula (Fig. 1M) had the highest frequency of all gorgonians (n = 318)
with concentrations on the shelf edge and slope of southeast Baffin Island, Hawke Chan-
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nel, Funk Island Spur, and southwest Grand Bank (Fig. 2A). Depth of this species ranged
between 154-1433 m with average depths > 822 m. Individual colonies were usually <
15 cm high, red, bush-like, and supported by a distinctly banded stem and calcareous
root-like base. Polyps were located at opposite angles on brittle segmented branches.
Samples were usually damaged and captured in multiples with several tows acquiring
50-100 individual colonies per tow.

Acanthogorgia armata (Fig. 1K) had the second highest frequency of this group (n
= 74) with concentrations off: southeast Baffin Island, Hawke Channel, Tobin’s Point,
and the southwest Grand Bank. Depth for this species ranged between 171-1415 m with
average depths > 513 m. Individual colonies were < 50 cm in height, characterized by
dense yellow-beige branches with long narrow polyps that have crown like tips. Many
samples were covered with juvenile gooseneck barnacles (Lepas sp. Linnaeus) and Ice-
landic scallops (Chlamys islandica Miiller, 1776). As well, two samples were attached to
two separate K. ornata colonies.

Paramuricea samples are believed to be P. grandis based on spicule analysis, but P.
placomus may also be present. When grouped, Paraumuricea spp. had the third highest
occurrence of this group (n = 49), with most of these concentrated on the continental
slope off the Labrador Shelf—Northeast Newfoundland Shelf, and the continental slope
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 as the Tail of the Bank. Depth for
this genus ranged between 152—1415 m, with most samples recovered at average depths
> 594 m. Individual colonies were flexible and fan shaped in one plane, and ranged be-
tween 20-85 cm in height. Polyps were short, round, and compressed to the branch. All
specimens were black with the exception of one vivid orange sample photographed ~1
hr after capture (Fig. IN). Samples were seldom observed with a substrate attached even
though holdfasts were present. Several samples were attached to cobbles and one sample
(50 cm tall fan) was firmly attached to a large subfossil K. ornata base. The lifespan of
this K. ornata colony was likely to be several centuries, based on known growth rates of
Keratoisis sp. from the family Isididae (Roark et al., 2005).

Primnoa resedaeformis (Fig. 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
end of Hamilton Bank on the Labrador Shelf. Depth for this species ranged between
162—1157 m with average depths > 402 m. Two samples on Saglek Bank were captured
at depths of 162 m and 165 m; the remaining colonies occurred at slope depths down
to 1157 m. Individual colonies were < 35 cm in height and were characterized by dense
downward-directed yellow or pink polyps covering a rigid dark brown skeleton. Cross-
sections of the stem revealed concentric growth rings alternating between calcite and
gorgonin (Andrews et al., 2002; Sherwood et al., 2005). Four subfossil P. resedaeformis
skeletons were submitted, but not mapped, the largest being ~ 35 cm from the base to the
truncated tips of the branches.

Keratoisis ornata (Fig. 1Q) was only found on the southwest Grand Bank (n = 30) be-
tween 43°52"N-45°00"N and 52°10"W-55°35"W. Depth of this species ranged between
195-1262 m with average depths > 491 m. Individual colonies were < 50 cm with the
majority of the samples submitted being either fragments of the original colony or large
masses that were severely damaged in trawls. The skeletons are rigid and characterized
by thick white calcified branches with proteinaceous internodes. Polyps ranged in den-
sity from thick mats to sparse polyps on a predominantly bare skeleton. One rare intact
sample, captured by longline gear, had many associated species encrusting on the axis
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or attached among the branches. The notable species were the solitary scleractinian D.
dianthus, gorgonian A. armata, and numerous juvenile Icelandic scallops and gooseneck
barnacles.

Radicipes gracilis (Fig. 1J) were distributed on the southwest Grand Bank only (n =
28). Depth of this species ranged between 384—-1419 m with average depths > 981 m.
Individual colonies were < 80 cm in height and consisted of a single coiled or twisted
iridescent axis. Polyps were sparse but evenly spaced on the stem and the entire colony
was supported by a calcareous root-like holdfast.

The final group belonging to the alcyonaceans are the gorgonians that lack a con-
solidated axis. Two species were documented: P. arborea and Anthothela grandiflora.
Paragorgia arborea (Fig. 10) (n = 27) were clustered in an area adjacent to the Hudson
Strait and off the northeast shelf of Hamilton Bank. The remainder were sporadically
distributed off Cape Chidley, Funk Island Spur, and the Grand Bank slope. Depth of this
species ranged between 370—1277 m with average depths > 481 m. Most samples were
small, fragmented pieces (< 25 cm); no whole intact colonies were collected. Polyps
were usually retracted inside bulbous branch tips. Samples were either red, yellow-beige
or salmon colour. One particular set from the Northern Shrimp Survey captured 50 kg
of P. arborea from an area adjacent to the Hudson Strait (61°22°N, 61°10"W). The sub-
sample was forwarded to DFO and consisted of a large laterally compressed midsection
of the main stem (25 cm in length and 11 cm in diameter) and several branch tips. An-
thothela grandiflora (Fig. 1L) had only two small samples submitted from RV surveys;
one sample from off Cape Chidley, Labrador at 528 m and a second sample from the
Funk Island Spur at 918 m. Both samples were identified using polyp morphology and
sclerite descriptions (cf. Verseveldt, 1940; Miner, 1950).

The order Antipatharia (Fig. 1R, ) was represented by two species, Stauropathes arc-
tica, and probably Bathypathes sp. (S. France, Univ. of Louisiana, pers. comm.). See
Figure 2B for antipatharian distributions. The majority of the samples were from ob-
servers with only two samples from scientific surveys. Antipatharians were widely dis-
tributed on the continental slope in deep waters from Baffin Basin to southwest Grand
Bank (n = 37). Three clusters emerged: southeast Baffin Basin (North of Davis Strait
sill), southeast Baffin shelf (south of Davis Strait sill), and on the southwest slope of
the Orphan Basin (Tobin’s Point area). Depth of this species ranged between 745-1287
m with average depths > 1027 m. Two growth forms were observed among samples: S.
arctica (Pax, 1932; Opresko, 2002) with an open-branched skeleton (Fig. IR)), and a
compressed “tumbleweed-like” form referred to as Bathypathes sp. (Fig. 1R). A 45 cm
long x 30 cm wide x 15 cm high specimen of the tumbleweed form, captured at 1013 m
off the northwest Flemish Cap, was the largest antipatharian recorded.

The order Scleractinia was represented by four solitary cup corals: F. alabastrum, D.
dianthus, Vaughanella margaritata, and Dasmosmilia lymani. Cup corals were distrib-
uted along the continental shelf edge and slope with concentrations off the southwest
Grand Bank and southeast Baffin Island. See Figure 2B for scleractinian distributions.

Flabellum alabastrum (Fig. 1T) distributions were clustered off the Southeast Baffin
Shelf, the Flemish Cap, and southwest Grand Bank (n = 141). To a lesser extent, other
occurrences were noted off the slope of the Northeast Newfoundland Shelf and Labra-
dor Shelf. Depth ranged between 218—1433 m with average depths > 629 m. Flabellum
alabastrum samples were identified by the corallum and compressed calice (cf. Cairns,
1981). Vaughanella margaritata samples (n = 4) were documented off the Southeast
Baffin Shelf and east of the Hopedale Saddle. Depth of this species ranged between
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1163-1320 m with average depths > 1199 m. Three samples with multiple specimens of
living and subfossil V. margaritata per sample, were captured by benthic gillnets target-
ing Greenland halibut off the Southeast Baffin Shelf. One specimen, missing a holdfast,
was captured in a RV survey east of the Hopedale Saddle (Fig. 1V).

Desmophyllum dianthus (Fig. 1S) samples were submitted only by observers (n = 2).
Both samples were from the southeast Grand Bank; one sample was captured at 1052 m
by benthic gillnet gear and the second sample, which was attached to a K. ornata colony,
was captured at 713 m by longline gear. In addition one subfossil specimen, not included
in the dataset, was captured by a gillnet at 1125 m off the Southeast Baffin Shelf. Das-
mosmilia Iymani (Fig. 1U) was only documented once off the southwest slope of Grand
Bank (44°52°N, 54°23"W) at 457 m. All scleractinians were identified by gross morphol-
ogy of the corallum, and confirmed by S. Cairns, Smithsonian Institution.

The order Pennatulacea (Fig. 1A-I) was represented by 11 types of sea pen. Nine sea
pens were identified to species level, and two have yet to be determined. See Figure 2B
for pennatulacean distributions. Pennatulaceans were distributed along the edge of the
continental shelf east of Baffin Basin, off southeast Baffin Island, Tobin’s Point, the
Flemish Cap, and the southwest Grand Bank (n = 577). The greatest diversity of sea
pens was found near the southwest Grand Bank. Species were found at depths between
96-1433 m. Individual colonies varied in size between 10—-80 cm. Specimens were iden-
tified by peduncle, rachis, and polyp morphology (cf. Williams, 1995, 1999). Anthopti-
lum grandiflorum (Fig. 1H) and Pennatula phosphora (Fig. 1B) were the most abundant
followed by Halipteris finmarchia, Funiculina quadrangularis, and Pennatula gran-
dis (Table 1). Numerous samples of H. finmarchia were observed with commensal sea
anemones Stephanauge nexilis (Verrill, 1883) firmly attached to the rachis (cf. Miner,
1950). Samples that were damaged beyond identification to genus, were grouped as “sea
pen spp.”, as were observer records of sea pens.

Coral species richness hotspots.—Based on maps of scientific survey data, two coral
species richness hotspots were identified (Fig. 3). The first hotspot (Fig. 4A) was situated
on the Labrador continental slope between Makkovik Bank (55°30°N, 57°05"W) and
Belle Isle Bank (52°00°N, 51°00"W). The second hotspot (Fig. 4B) was located off south-
west Grand Bank and Tail of the Bank (~42°50"-45°10"N, 49°00°-55°00"W). Both areas
had higher species richness per tow than sets surrounding them and higher frequencies
of scientific survey stations containing corals than surrounding areas. Southwest Grand
Bank and Tail of the Bank had the greatest species richness (16 spp.), with nine alcyo-
naceans, five pennatulaceans, and two scleractinians recorded. Makkovik Bank-Belle
Isle Bank hotspot (14 spp.) had seven alcyonaceans, four pennatulaceans, two scleractin-
ians, and one antipatharian recorded. Species richness per tow based on scientific survey
data ranged between 0 and 11 species per set with only two sets capturing nine or more
species.

Discussion

Distribution maps presented contribute to the growing knowledge of deep-sea coral
distribution and diversity off Newfoundland, Labrador, and southeast Baffin Island.
Thirteen alcyonaceans, two antipatharians, four solitary scleractinians, and 11 pennatu-
laceans were documented. Corals were more widely distributed on the continental edge
and slope than previously thought, but only nephtheids were found on top of the shelf.
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Figure 3. Coral species richness per set in scientific survey data. Most speciose areas were (A)
Makkovik Bank to 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 to Cape Chid-
ley, (D) Funk Island Spur to Tobin’s Point, and (E) Flemish Cap.
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Only ahermatic corals were identified with no occurrence of the reef building Lophelia
pertusa (Linnaeus, 1758), as reported at the Stone Fence, Scotian margin (Gass and
Willison, 2005; Mortensen et al., 2006). The present 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 coral-rich areas in this study
were identified previously by Gass and Willison (2005). Their results partially over-
lapped with the findings presented in this study off Cape Chidley, Northeast Newfound-
land Shelf, and the Grand Banks of Newfoundland.

Distribution of hotspots.—Coral species richness hotspots were identified in two
distinct locations. The hotspot on the southwest Grand Bank and Tail of the Bank had
the greatest species richness in the study with 16 coral species documented. The to-
pography of this area is complex with steep slopes, and numerous canyons. The area is
most likely influenced by warm Labrador slope water (cf. Haedrich and Gagnon, 1991).
Previous reports from fisheries observers and local fishermen indicated the presence of
corals in this region, but very little data from scientific surveys had been documented
(Gass and Willison, 2005; Mortensen et al., 2006). The second hotspot extended along
the continental shelf edge and slope of the Labrador Shelf from Makkovik Bank to Belle
Isle Bank. It spanned the greatest area and included 14 coral species. Most corals were
concentrated on the shelf edge and slope with some neptheid soft corals on the bank
tops. Acanella arbuscula and soft corals were the most abundant species, as both domi-
nated the Funk Island Spur along with several species of sea pens (i.e., A. grandiflorum,
P. phosphorea, and P. grandis). Rare species were documented in this area, with one
occurrence of A. grandiflora off the Funk Island Spur at 918 m and one occurrence of V.
margaritata at 1320 m off Hopedale Saddle. Jourdan (1895) reported V. margaritata (=
Caryophyllia) was common off the south side of the Flemish Cap at 1267 m, but only one
sample was collected from the Labrador slope and several samples east of the Hudson
Strait.

Topography of the southern Labrador Shelf encompasses five banks (> 200 m), three
saddles (> 500 m), and two shelves. The Labrador Current flows along the edge of the
Labrador shelf and branches at Hamilton Bank (Lazier and Wright, 1993). The main
stream continues along the edge and slope of the Newfoundland Shelf, while the second-
ary branch of the Labrador Current continues inshore along the coasts of Labrador and
Newfoundland (Lazier and Wright, 1993). Gass and Willison (2005) also made refer-
ence to corals on the southern Labrador slope but did not identify it as a biodiversity
hotspot. They documented sporadic coral occurrences off Harrison Bank using fisheries
observer reports, off Hamilton Bank using fishers’ LEK, off the slope Northeast New-
foundland Shelf using DFO surveys and fishers’ LEK, and off the south slope of Orphan
Basin using fishers’ LEK. Gass and Willison (2005) documented P. arborea near Tobin’s
Point, southwest Grand Bank, “trees” on the southern margin of the Orphan Basin, and
A. arbuscula and “trees” on the southern Labrador slope. By contrast, P. arborea was
relatively rare in the current study. Scarcity of P. arborea in the current study may reflect
depletion of this large species by fisheries damage.

Other areas of interest.—When observer data were mapped in conjunction with sur-
vey data three additional areas of interest were identified: the area from southeast Baffin
Shelf to Cape Chidley (Fig. 4C), Funk Island Spur to Tobin’s Point (Fig. 4D), and the
north side of the Flemish Cap (Fig. 4E). The coral clusters identified at Cape Chidley
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Figure 4. (A) Coral species richness per set in scientific survey data and coral occurrences by
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Figure 4. Continued. (C) Coral species richness per set in scientific survey data and coral occur-
rences by species from fisheries observer data for Southeast Baffin Shelf-Cape Chidley area. (D)
Coral species richness per set in scientific survey data and coral occurrences by species from
fisheries observer data for Funk Island Spur-Tobin’s Point. (E) Coral species richness per set in
scientific survey data and coral occurrences by species from fisheries observer data for the Flem-

ish Cap area.
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and Southeast Baffin Shelf were dominated by gorgonians, especially Primnoa resedae-
formis, which was most abundant off Cape Chidley, based on only one year of survey
data. This area was not identified as a biodiversity hotspot in the current analysis, but
recent unpublished data and past reports suggest high coral abundance and intermediate
coral biodiversity. High densities of P. resedaeformis were documented off Cape Chidley
by Maclsaac et al. (2001) and Gass and Willison (2005). The area immediately east of
Hudson Strait (~61°20°N, 62°30"W) was not surveyed, nor were observer data available.
Nonetheless, the largest samples submitted for this study were collected from the outer
edges of this area with many large gorgonians documented, primarily P. resedaeformis
and P. arborea (Gass and Willison, 2005). 2006 Northern Shrimp Survey sets within
this area recovered up to 500 kg of coral, mostly P. resedaeformis and P. arborea in a
single tow (Wareham and Edinger, unpubl. data). The Hudson Strait region is influenced
by strong currents and high nutrient flows from both the Labrador Current and Arctic
waters from the Hudson Strait (Drinkwater and Harding, 2001). Observer samples and
records of A. arbuscula were most numerous off Southeast Baffin Shelf. This area is in-
tensively fished for Greenland halibut and northern shrimp. Coral records from surveys,
observer reports, and fishers” LEK were previously documented off southeast Baffin Is-
land (Davis Strait) and Cape Chidley (Maclsaac et al., 2001; Gass and Willison, 2005).

Tobin’s Point, off the northeast Newfoundland Shelf is intensively fished for Greenland
halibut, shrimp, and snow crab (Chionecetes opilio). The coral species reported there
were dominated by C. florida, sea pens, and antipatharians. The Flemish Cap had mostly
the neptheid C. florida, sea pens, the scleractinian F. alabastrum, and one antipatharian.
Numerous juvenile A. grandiflorus (n = 541) were documented on the northeast side of
the Flemish Cap but were not documented within the time frame of this study (Wareham
and Edinger, unpubl. data). The Flemish Cap was not covered by Canadian scientific
surveys, so coral distributions were derived only from observer data. The clustering of
corals on the north side of the Flemish Cap may be an artifact of fishing effort, which
was concentrated on the smooth north side of the cap. The south side is deeply incised
by canyons, making it difficult terrain for trawling; the south side of the cap may contain
suitable habitat for a variety of corals, but has had relatively little sampling effort to date.
In general, the top of banks had the lowest coral diversity with only nephtheids present.
Most corals are probably incapable of colonizing the top of banks due to limited hard
substrates and cold temperatures (cf. Mortensen et al., 2006).

Substrates of coral biodiversity hotspots and other areas of interest.—Informa-
tion on surficial geology has been sparse and limited to Soviet Fishing Investigations by
Litvin and Rvachev (1963), and highly generalized maps of surficial geology of the con-
tinental margin of Eastern Canada focusing on the bank tops (Fader and Miller, 1986;
Piper et al., 1988). Substrates for each hotspot and other areas of interest are discussed
separately.

The Grand Banks of Newfoundland (Grand, Whale, Green, and St. Pierre Banks)
are relatively shallow and are heavily influenced by wave action. Sand dominates the
bank top, with gravel, shell beds, and muddy-sand patches throughout (Fader and Miller,
1986). The edge and slope are a veneer of adlophous sands and gravels. Substrates on
the slope progressively change with depth from sand-mud to mud (Litvin and Rvachev,
1963; Piper et al., 1988).

The Flemish Cap and Flemish Pass are located in international waters just east of
Grand Bank. Flemish Cap is a dome-shaped plateau ranging from 150 to 350 m deep.
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Cap substrates are dominated by sand and shell beds, which change to muddy sand-
sandy mud and boulders on the slope; mud is predominant at slope depths > 1000 m
(Litvin and Rvachev, 1963). The Flemish Pass is a 1200 m deep trough that separates the
Flemish Cap from the Grand Bank. Flemish Pass is strongly influenced by the Labrador
Current. Substrates in the Flemish Pass consist mostly of sandy mud with some pebbles
and stones (Litvin and Rvachev, 1963). The Northeast Newfoundland Shelf includes
Funk Island Bank, Funk Island Spur, and Tobin’s Point. Substrates abruptly change from
sand on top of the Funk Island Bank at ~ 300 m, to sandy-mud on the slope at ~ 500
m, to mud off Funk Island Spur at > 1000 m (Litvin and Rvachev, 1963). The Labrador
Shelf extends along the entire coastline of Labrador, with the widest section off Ham-
ilton Bank. Transverse troughs up to 600 m deep divide the shelf into banks (Piper
et al., 1988). Sand substrates dominate southern bank tops with scattered pebbles and
gravel; slope composition changes rapidly with depth from muddy-sand to sandy-mud to
mud. Hawke Saddle, located south of Hamilton Bank, has a mud substrate at 500 m but
changes to sandy-mud on the saddle slope towards the shelf edge (Litvin and Rvacheyv,
1963). There is little information available on slope substrates north of Harrison Bank on
the Labrador Shelf and Baffin Island Shelf.

Comparison with local ecological knowledge (LEK).—Many of the coral areas
identified by fishers’ LEK (Gass and Willison, 2005) were confirmed with scientific
survey and observer data in the current study. Nonetheless, several important differences
emerged. First, the current data suggest that there is much more continuous coral habitat
along the southern Labrador slope, with a wider variety of corals than indicated from
LEK. Second, the southwest Grand Bank and the Tail of the Bank hotspot, identified
in the current study as an area of high species richness and coral record density, was
much less prominent in LEK data or in previously available scientific survey data. These
discrepancies between studies may largely be a result of more complete scientific sur-
vey sampling efforts throughout the Newfoundland and Labrador region. In the current
study, the lack of large gorgonian records on the southeast Grand Bank, and the relative
scarcity of P. arborea samples may reflect loss of corals due to trawling impacts. Evi-
dence of deleterious effects on deep-sea corals by mobile fishing gear (e.g., trawls) has
been published in detail (Watling and Norse, 1998; Auster and Langton, 1999; Fossa et
al., 2002; Hall-Spencer et al., 2002; Anderson and Clark, 2003), mostly focusing on the
effects of trawling on deep-sea scleractinians, with limited attention to impacts on deep-
sea gorgonians (Krieger, 2001; Mortensen et al., 2005, Stone, 2006). In the current study,
mobile gears captured more corals than fixed gears, and in general, covered larger areas.
The duration of trawl tows ranged between 1 and 10 hrs per tow, making the precision of
coral localities from observer data highly variable. Although the deep-sea coral clusters
recognized by fishers have persisted despite a long history of intensive deep-water trawl
fishing in the region (cf. Kulka and Pitcher, 2002), there is little information on changes
in abundances of deep-sea corals through time (Gass and Willison, 2005).

Associated invertebrate diversity.—A variety of sessile invertebrates were ob-
served growing commensally on deep-sea corals in this study. Although trawl samples
tend to underestimate associated invertebrate diversity of corals (Buhl-Mortensen and
Mortensen, 2005), samples from fixed gear (e.g., longline and gillnet) have contributed
many intact coral assemblages, or groups of coral living together in what appears to be
commensal relationships. For example, two colonies of A. armata were found to be at-
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tached to two separate K. ornata colonies, one of which also included the scleractinian
D. dianthus. Another K. ornata sample had juvenile colonies of A. grandiflorus and
A. armata attached. Many observations of gooseneck barnacles, Icelandic scallops, sea
anemones, and echinoderms, all juveniles, were attached to K. ornata. Many nephtheid
soft corals were observed attached to living gastropods. These observations suggest that
hard substrates may be limited in some areas, and emphasize the important contribution
that large corals can make towards creating and structuring deep-sea habitat, including
habitat for other deep-sea corals. The nature of associations between corals and fish are
difficult to determine in trawl survey data because fish and corals may have co-occurred
in the same habitat without any direct biological interaction (Edinger et al., 2007).

Limitations and conservation implications.—The findings reported here comple-
ment earlier work (Gass and Willison, 2005), and provide specific information on deep-
sea coral distribution and diversity in the region. However, caution must be exercised
when interpreting these results for three reasons. First, the data resulted from only 3 yrs
of sampling, with only 1 yr of scientific sampling in northern Labrador and the Davis
Strait, and with sampling gaps in scientific data. Second, the distribution data from fish-
eries observers were biased by fishing effort. Finally, point maps imply a greater degree
of sampling area coverage than the area actually surveyed in the present work. Coral
conservation is a fairly new concept in Eastern Canada. Three areas with unique features
including very high densities of corals or unique species occurrences were established
on the Scotian margin to help protect corals: the Northeast Channel Coral Conserva-
tion Area (2002), the Stone Fence Lophelia reef fisheries closure (2004), and The Gully
Marine Protected Area (2004; Breeze and Fenton, 2007). Corals in Newfoundland and
Labrador waters are generally widespread along the continental edge and slope. Hence
a network of representative areas would be the most appropriate conservation approach
(cf. Fernandes et al., 2005).
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