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INTRODUCTION

The Working Group on the Ecosystem Approach to Fisheries Management (WGERAEM)y correspondence to
provide backgrounthformation to Scientific Council regarding the Fisheries Commission request for advice on the
distribution of corals within the NRA(seefi Re q u e s t. AWGHBAENM agnepd to provide the information
requested in®by 24 October 2008nformation requested for June 30, 2009 i provided by May 31, 2009.

FISHERIES COMMISSION REQUEST
(NAFO, 2008b)

9. Recognizing thk initiatives on vulnerable marine ecosystems (VME), and with a view to completing fishery
impact assessments at the earliest possible date, Fisheries Commissists theugcientific Council to:

a) Provide, as soon as possible in 2008, delineatioremyif of significant concentrations obrals in the NAFO
Regulatory Area, by species, for the identification of VMESs. This should include the size and catch characteristics of
corals obtained respectively from commercial fishing vessels and fisherieecheseasels and the assessment of
significant adverse impacts, with a particular focus on those species which involve interactions with commercial
fisheries. The data should include absence/presence of corals as well as density.

b) Provide, by June 30, 200delineations, if any, of significant concentrations of sponges in the Regulatory Area by
species, including the size and catch characteristics of sponges obtained respectively from commercial fishing
vessels and fisheries research vessels, with a wartibocus on those species which involve interactions with
commercial fisheries. The data should include absence/presence of sponges as well as density.

c) With respectto coralsand spongjes canyons denoted in the rBaxdemwtadas f i ¢ Co
ASout hern FI|l emi sh Pmaoide détaled Bfarmdtienransodd aspyacticabléor at least a report

on progress by June 30, 2009, with a particular focus on those species which involve interactions with commercial
fisheries.

BACKGROUND

The WGEAFM was asked to map locationsvafnerable marine ecosystems as part of its ToRs for its May 2008
meeting (NAFQ 2008). The WEAFM produced a map delineating candidate VMEs based on known and
potential occurrence of vulnerable speci@scluding corals, sponges and fish (Figure E)ght areas were
delineated, although onéifea8) has already been given protection by Canada and NAFO, and aroted) lies
entirely within the Canadian EEDf the remaining six area8yea 7 was sekted for its proximity to the Southeast
Shoal and mrsence of canyon features, anads 1 and 3 were selected for high records of sponge bycdiab0

kg). In Area 1, important coralatchwas also recordedrourareas were chosen primarily on the badiknown or
suspected presence of significant coral habkaedsl, 2, 5, 6) The description of thedeur areas as provided in

the WGEAFM report (NAFQ2008&)) is as follows:

Area 1. Flemish Cap East

Rationale: Large gorgonians and high density of gper(several survey hauls >1000 kg)
Suggested Depth: 565600m

Information: Murillo et al. (2008) (EU bottomtrawl survey), WGDEC reportCES, 2008.
Area 2. Northern Flemish Cap

Rationale: Area of high density of pennatulaceans, alcyonaceans andhanigpes and, to a lesser extent, solitary
scleractinians and small gorgonians.

Suggested Depth: 5a000m



Information: Murillo et al. (2008) (EU bottomtrawl survey, Canadian observers (1 trj)))GDEC report ICES,
2008.

Area 5. Southern Flemish Pasto Eastern Canyons
Rationale: Large gorgonians and large survey catches (>1000 kg/haul) of sponges.
Suggested Depth: 5a600m

Information: DFO Trawl survey data (1928907), Murillo et al. (2008) (Spanish bottortrawl survey), WGDEC
report (CES, 2008.

Area 6. Beothuk Knoll

Rationale: Abundant gorgonian corals; large survey catches (>1000 kg/haul) of sponges.
Suggested Depth: 568000m

Information: (EU bottortrawl! survey), DFO trawl survey data, WGDEC rept@HS, 2008.

WGEAFM (NAFO, 2008) also idatified areas (meghabitats) which are topographical, hygoysical or
geological features (including fragile geologic structures) known to support vulnerable species, communities, or
habitats

Fifteen canyons occur along the continental shelf edgesiftNERA, with the highest density along the eastern edge

of the southern Grand Bank (Figure 2). These include: Desbarres Canyon (inside Canadian EEZ), Treworgie Canyon
(inside Canadian EEZ), Jukes Canyon, Whitbourne Canyon, Denys Canyon, unnamed canySantren

Canyon, Jackman Canyon, unnamed canyon two, Guy Canyon, Hoyles Canyon, unnamed canyon three, Kettle
Canyon, unnamed canyon four, Clifford Smith Canyon, Lilly Canyon, and Carson Canyon (listed from west to east).
For the purposes of this exercidag 200 m isobath was used to delineate the upper limit of the canyons found in the
NRA while the lower limit varied but generally was determined by the 2000 m isobath. Carson and Lilly Canyons
extend into the Canadian EERAFO, 2008).

The WGEAFM also nad other seamounts and knolls in the NRA which have not been protected by NAFO: the
Fogo Seamounts and Beothuk Knoll. Physical characteristics of these areas are notedeh &L(lka07).Data on
coralsfrom the Corner Rise and New England seamountirrently protected by NAFO, were provided to the
WGEAFM bythelInstituto Espéol de OceanografidEO) (Murillo et al, 20088.
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Figure 1.Location of the @ndidate Vulnerable Marine Ecosystems Argashe NAFO regulatory
area with some overlap into tikanadian EEZ. Numbers correspond to the text above and the red line
indicates an area where potential VMEs for degper coral were thought likely. 100, 500, 1000,
2000, 3000, and 4000 m depth contours are depicted as thick lines (From WGEAFM Méybax,
2008).
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Figure 2.Map of topographical features in the northern portion of the NRA that are known or likely to
support or contain VMESs.



APPROACH TO ADDRESSING ITEM 9A

The WGEAFM stands by its previous delineation of candidate VME areas but undethtrttitss request asks for

the identification ofkey locationswithin the candidate areas where known concentrations of corals (and later
sponges) existWe will use here the termkey locationin reference to specific sites were significant coral
concentrdons have been found=zcologically functional VMEs necessarily need to be larger than thege
locations the actual boundaries of true VMEs are expected to lie somewhere in between the candidate areas initially
proposed by WGEAFMand the key locations where VMEdefining species are knowto occur in higher
concentrationsHowever,the WGEAFM recognized that without a properly planned habitat mapping exercise based
on widearea acoustic surveye.g. multibbeam survey with adequatevisual grounetruthing (Durdn Mufiozet al.
2008), it is impossible taprecisely delineat¥ ME areas on the NRAs has been done for other areas such as
Hatton Bank Nevertheless, analgs of the available catch data, particularly from groundfish sur¢@gsearch
VesselRV), dlowed the WGEAFM to assessignificant concentrations of corals atml subsequetyt plot key
locations based on this informatiorin order to address this Item the working group took the following work
program:

1. Identified data sources

2. ldentified caal species of concern

3. Defined what aignificant concentration of coral; is

4. Mapped the known distribution of significant concentrations of cprals

5. Provided boundarieshat encapsulate nearby locations and could inform the process of proyiditegton to
these key locations.

Given the nature and potential limitations of #wailable data, all assessmemtsalysesand recommendations were
made within the framework provided by the precautionary principle.

DATA SOURCES
List of Surveys
Data onsea pens gorgonian andntipatharian corals were available from the following sources:

1. DFO NL Groundfish Surveys (Research VesSampelen Bottom Trawl 20002007 (Div. 3SLMNO): 1448
recordsof coral from 791 towsand 4479 sets from these surveys coei@ino coralbetween 46 and 145
(provided by Vonda Wareham and Bill Brodie, DFO NWAFC);

2. DFO Fisheries Observer Program NL 2e€8207 (Div. 3LMNO): 1102 recordsvith presence oforak from 1099
towsbetween 31 and 1491 ¢provided by Vonda Wareham, DFNWAFC);

3. IEO Platuxa Survey (Research Vessel Campelen 1800 Bottom Trawl):2800J5(Div. 3NO): 170 records of
cor al from 349 tows covVver (NRA between 400ahchli500 deptd, f(providege by Gr and |
IEO);

4. EU Flemish Cap Survey (Rearch Vessel Lofoten Bottom Trawl): 262607 (Div. 3M): 277 records of coral
from 355 tows covering all the Flemish C@RA) between 130 and 1450 m (providedIBpD);

5. IEO Fletdn negro Survey (Research Vessel Campelen 1800 Bottom Trawl}2Q0@&Dwv. 3L): 154 records of
cor al from 180 tows covering the (BRA)Ieevéen D10 antd MBONGr and
(provided bylEO);

6. Canada EEZ SurvefResearch Vessel Campelen 1800 Bottom Trawl): 2007. @iy 26 records of coral from
26 tows carried out byEO within the Canadian EEZ (provided by IEO).



Research Vessel Survey Data

Canadian and Spanish/EREsearch Vess&8urvey Data were analyzefloth surveys hava good coverage fathe
NRA portion of Div. 3LNO, butonly EU surveys coveall of the currentlytrawlable area of Flemish Capiy.
3M). Data from theseesearch vessel surveljkely represent a wide range of coral sampling efficiency; however
these sources represent the best available scientific information at this timealéeo estimates of catchability or
catch efficiency of corals in relation to their population density.

The Canadiasurvey tows areonducted with a targeff fifteen minutes duration while the Sparfisb tows are of

a targetedhirty minutes. In ordeto use these two data sets together it must first be established whettestcttie
significantly different between the twdhe catch distribution is highly skewed towards large numbers of small
catcheswith few large onegsee below)These may represt isolated corals caught in the trawl path, or a trawl
swath through a narrow dimension of the community. Larger catches may occur when the trawl and the coral
distribution are alignedyhen the gear is not handled properly and digs into the seabty may represent large

and more significant concentratioMfhatever the situation, it is unlikely that these corals would be caught in high
concentratiorfor long periods of time simply because the patch sizes are not tha{lesgeharb00 m) (Beazley,

2008) Neverthelessthe probability of catchingother coral patches increasgith the tow duration, as well as the
probability to catctseveralisolatedcoloniesnot necessarilyndicative of significant coral concentrations.

Bearing these issues inimd, the goal sought by merging these research survey datesets to be made clear

Even though the effort made by different towing times will affect the probability of finding corals in any given tow,
once the corals are caught, the amount collectéd&imore a function of how the tow crossed the coral patch than

a functionof the patch sizeFor this reason, it was believed that the actual duration of the Canadian and Spanish
research tows (15 and 30 minutes respectively) would not have a signéfftesst on the amount of coral collected,
especially if the analysis is performed on taxa groupiegs large gorgonians as opposed to all corals). Since the
objective of this exercise is to definatchthresholds that could allow identifying areas wehthesecatchlevels are

high, then what is needed before merging these datasets is to see if the actual amounts collected per tow differ in any
significant way. If these amounts are similar (both in distribution and central tendency), then the specifits af

the catches can be regarded as independent of towing time (rementkiarahaases the towing time is really
short). If theyaredifferent, then an adjustment for towing time may be required before analyzing the data as a single
dataset.

Therefore, b determine whether the Canadian and Spanish/EU data should be used separately or combined, a
KolmogorowSmirnov tesbased on cumulative distribution functions for each data set was used to test whether
the two distributions are different. A seabtest, the Wilcoxon Rar8um (MannWhitney) test for two independent
samples was also applietihese results are presented in Table 1. The total catch distributions are not comparable
although the selectecbmponents: Large gorgoniangnmatulaceans, andlcanella arbuscularepresenting small
gorgonians, are.

Table 1. Comparison of the distribution of cotatchfrom the Canadian 15 minute RV tows and the
SpanishEU 30 minute RV tows for each @fgroups (N Can, N SpaliBU) by KolmogorovSmirnov
(K-S) and Wilcoxon RankSum tests.

Canada, Spain K-S P Wilcoxon P
Large Gorgonians N=42, N=53 0.136 0.778 1062 0.705
Pennatulaceans N=145, N=328 0.093 0.346 23398.5 0.781
Acanella arbuscula N=83, N=83 0.157 0.261 3899 0.142
All Corals Combined N=791, N=628 0.154 <0.001 208596.5 <0.001

Fisheries Observer Data

The only data from commercial vessels comes from the Canadian Fisheries Observer Program. Coral data was
gathered opportunistically by fisheries observers, commencing in 2004. Observers are depiw&disheries in
the region covering 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 coral identification guidegy@mdraining in
identification

Coral data were collected from April 2004 through to December 2007. Observer coverage at sea varied between 0
100% depending on the fishery, quota allocation, gear type, and NAFO division, with lgadgohphicatoverage
for the NAFO Regulatoy Area

Sampling protocol required each observer to submit at least one sample of each coral species encountered on each
trip, and to record all other occurrences of each coral species on set/catch data sheets. Samples and records were
tracked to assessa@uracy 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 previously submitted
by the individual observer reporting the record

Data from fisheries observers hamny limitations and should only be useak indicative of presence, but not
absence, of coral speci€nsequently we had no data from the commercial fleet with which to compare RV results
with.

IDENTIFICATION OF CO RAL VMES

In its report to the NAFO Scientific Council in May of 2008, the WGEAFM was asked to identify criteria for the
identification of VMEs in NAFO regulatory watersNAFO, 2008). In identifying coral VME components
WGEAFM considered the size, structucaimplexity, gregariousness, fragility, vulnerability to fishing gears, rarity,
longevity, role in the ecosystem (associated species, biodiversity) and international recognition of status. Full details
of the information used to assess these criteria angdad in a separaocument(Fuller et al, 2008). WGEAFM
considers the following groups of corals as indicators and key components of VMES:

1 Antipatharians

1 Gorgonians

9 Cerianthid anemone fields

1 Lopheliaand other reef building corals
1 Sea perfPennatulacedields

Of these, we have no information on cerianthid anemone fields in the NRA and the reef buildihggbedinhas

thus far not been reported, although a recent theoretical modeling exercise based on analygjsagfrapbical
variables €.g, temperature, aragonite saturatioetc) by Davieset al. (2008) indicates that environmental
conditions which could support this species are present in the NRtjatharians are rarat the depths currently

fished and are not as gregarious as some otherats. Therefore we recorded their presence in the vicinity of
significant concentrations of the other taxa and used this information in considering the boundaries of the key
locations.

Delineation of significant concentrations of coralsh Research Survgsin the NAFO Regulatory Area for the
Identification of VMEs

In order to address this part of the r eqTUlhedAFORC def i ni
used a value of 100 kg of corals to define a significant encobptarfishirg vessel However the WGEAFM feels

that this threshold is too high to offer protection to deepwater coral spbtiext this level ofcatchwas never

obsened in any of the above data setsludingboth research and observer data

The three coral taxalentified above (Antipatharia, GorgoniBennatulacdaall have different body weights and
morphologywhich means that different levels of significance must be defireed the catchdata They also ce
occur resulting in mixed specieatchwhich meanshat significance should be also assessed at a communityflevel
coral species are highly associated with one another

One approach is first to examine the association of coral species in the catch afidtitarg associations exist
look at the ditribution of the catch weights for these associations to determine whether slataidecan be
establishedo define a significant amoufdr mixed catches.



Given the rudimentary knowledge we currently have in terms of functioning of deep sea cdesmamit the

precise roles that corals play in them, it is impossible at the present time to define absolute magritudethat

can be associated to functionally relevant coral concentrations in ecological terms. Nonetheless, current knowledge
allowsrecognizing that provision of structural habitat is a significant ecological feature that corals provide, while in
terms of protection of biodiversity, many of these species require particular attention due to their slow growth rates
and intrinsic fragiliy and sensitivity to perturbationE(ller et al, 2008. For these reasons, and until more detailed
surveys and studies become available, the basic premise to identify a significant concentration has been a relative
one. The WGEAFM have used availaldengrical distributions for these corals in the NRA to identify what
constitutes a high concentration within this area, and in combination with current knowledge of these species and/or
groups, defind thresholds that can provide protection to these locédjlf boncentrationsThese thresholdshould

be considered precautionaand should be rassessed whedditional research becomes available.

Habitat mapping studies for NE Atlantic (Duran Mufizal, 2008a,b) indicate that, in the absence of detailed
habitat knowledged.g. multibeam maps), the poor geographic resolution of commeraiahinformation can lead

to significant mismatches between the actual location of corals and their estimated locations. Some of the reasons
for these mismatches includiee length of commercial hauls (up to 20 nm) and the difference between gear and
vessel position (observers record vessel position). These mismatches couldthesdetignabn of areas without

corals, while leaving the actual concentrations outsidie breindaries. For this reason, and until detailed mapping
becomes available, designation of areas must consider appropriate buffer zones.

For those locations where high contrations of corals have beettentified, a two step process was employed to
provide a buffer zone around them. The first step was to consider an error margin in the identified location due to
differences between gear and vessel positions, accuracy in the GPS posigtmitigyas considered that ann

radius around the putativeogition provided a safe margin on these groufdss distance was taken from the
Interim Encounter Provision8 mo v e a wa y prgposedt abtheorécend FC meetihg.addition to this, an
additional 2nm buffer zone was applied to allow for protectiminthe site. In total, this process reneid a full
error+buffer zone of 4 nm radius around theeportedkey location These valueare considered precautionary until
detailed mapping of these aressdor additional research on buffer ardascomes avédble In order to facilitate

the application of protection measures, simple polygons were drawn to enclose nearby key locations.

Coral Associations

Data from the RV surveysrom both Spain/EU and Canada were us&tie data were transformed to
presence/aence and a Bra@urtis similarity matrix was constructed using Primer 6.0 softwahe similarity

matrix was clustered using an average linkage algorithm. The results show weak structure in the data set, however
some coral taxa eoccur 40 percent of théme (Figure3). These areHalipteris finmarchca, Anthoptilum
grandiflorum Funiculina quadrangularisAcanella arbusula, andPennatulaspp, a group of sea pens and a small
bushygorgonian A. arbusculd The sea pens all have a similar gross morgholaut A. arbusculais bushy with

multiple branchingFrom this analysis the WGEAFM concludes that grouping the sea pens into one category for
mapping is appropriateThe gorgonian corals have much less association with one another in thecdtekwl

However they are not closely grouped with the sea pelmish is consistent with what is known of their habitat
preferences
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Figure3. Coral associations determined by a Bray Curtis similarity calculateddresence/absence
data in trawl survegatch

Determining What Constitutes a SignificantCatch of Sea Pens and Small Gorgoniaria Researd Surveys

The distribution of sea peoatch (kg) is highly skewedThe large catches form rare events at the tail of the
distribution. The quantiles for this taxon sh¢hatthe median catch is 0.05 Kghe 75% quantile is 0.17 kg while

the 90% quantile is only 0.48 k@hoosing a point to define when the catches go from relatively small to large is
subjective.The 97.5%quantile marks the upper bound of the-sided $% confidence intervalaround the mean.
Therefore, this value is chosen as the indicator of when a significant concentration has been idemtsies pens

the 97.5% quantile occuvghen the haul brings in.@ kg per tow (Figuret).

A similar calculaion for the small gorgoniaAcanella arbusculgFigure 5) shows that catches of &g per tow
would match the 97.5% quantil®ne potential issue for this species is the low threshold found in this analysis.
Although this value corresponds to researchvesyrsets, it wouldbe expected than any regulatory threshold for
commercial sets will also be relatively low in magnitude

Measuring these low biomasses in hggas scenarios, considering the limitations in the precision of balaviltes

pose implementen challenges should these thresholds be used for other purposes, such as for encounter protocols.
One possible solution for this issue is to consider some thresholds for potential encounter protocols in terms of
numbers instead of weights. There is datailable to explore this issue further if requested.
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Weight Quantiles
100.0 % maximum  10.116000
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90.0 % 0.484600
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Figure 4. Cumulative distributionof pennatulaceansga pej catch (kg) from the RV surveys
(N=473) The values of catch weight are presented as quantiles.
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Figure 5. Cumulative distributiorof Acarella arbusculacatch(kg) from RV surveygN=166) The
values of catch weight are presented as quantiles.
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Determining What Constitutes a SignificantCatch of Large Gorgoniansin Research Surveys

Both the Spanish/EU anBFO Research trawlers did not encané large number of large gorgonians. These
species are also more prone to breakage than the sea pefis arbdsculaand so the data are compromised by
colony fragmentsin situ observations ofParagorgia arboreaon the Scotian slope show a strongly neped
distribution over scales déns of meters(Beazley 2008). Therefore there is a high probability that single colonies
or fragments in theatchdo not equate to a nesignificant encounter.

Nevertheless, data for the large gorgonidParagorgia spp Primnoa resedaeformis Keratoisis ornata
Acanthogorgia armataand Paramurciea spp. were combined and thefatch weight distribution analyzed
(Figure6). The results indicate that a precautionary threshold for these dargenianswould be approximatgl

2 kg pertow. This value is found in the 90%ugntile (1 in 10 of the tows with large gorgoniamnet this target). The

more stringent quantile was selected to be more precautionary for these corals given the considerations noted above.

= —
= o g
- Weight Quantiles
=] 100.0% maximum 68.580000
99.5 % 67.484900
97.5% 34.118850
@ 90.0 % 2.066280
750% quartile 0.325000
= 50.0%  median 0.030000
. 25.0% quartile 0.010000
=h) 10.0 % 0.002000
2.5% 0.001000
0.5 % 0.001000
oA 0.0% minimum 0.001000
=
T T T T
0 20 40 60
WEIGHT (kg)

Figure 6. Cumuldive dstribution of large gorgoniandParagorgia spp, Primnoa resedaeformis
Keratoisis ornataAcanthogorgia armataandParamurcieaspp.catch(kg) from RV surveygN=95).
The values of catch weight are presented as quantiles.

Summary of Significant Threshold Calculationsfor Research Surveys

The WGEAFM considered the above information and appliegkfirecautionaryhreshold levels for the evaluation
of a significanttoncentration of corals in NRA based on groundfish sureatces

Pennatulaceansga pens) 1.6 kg per tow (this report)
Small gorgonians 0.2 kg per tow (this report)
Large gorgonians 2 kg per tow (this report)
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Key Locations of SignificantConcentrationsof Coralsin the NAFO Regulatory Area

Significant concentrations of corahsedon groundfish surveysatctes,are illustrated in the map provided in Figure
7. The analyss shows that feas 1, 25 within the NRA (NAFQ 200&) hold significant concentrations of corals.

Two additional locations, one inr@a 7 and anoth@utside Aea8, but along itggeneralongitudinaldirection, also
showconcentratios of small gorgonians above the threshdlehlike the observations onréas 1, 2, and Syhere

several nearby sets have shown catches above the threshelsts,last two locations afeased oncatch of
A.arbuscula(small gorgonian)n singlesets(amounts of 0.23 and 0.24 kaghd withoutany other significant catches
nearby (Figire 8). Although the presence of catches above the threshold in these locations warrant a closer
explorationof these areas, the isolated nature of these catches and the borderline natucatohlénels desnot

allow us to givethese sites a cleéiey locationstatus asppliedto the other areahe presence of only two isolated

sets withA. arbusculaabore the threshold coulsuggesthat there are no significant concentrations of this species

in the NRA mosthigh concentration sitefr this species ar Area 8 (within Canadian watersjlowever, the
existence of other sites with high concentration&.adrbusculan the NRA cannot be dismissed.

Among the four candidate VME areas originally identified by WGEAFM on the main bagisesence of coral
habitat (Aeas 1, 2, 5 and 6), three have emeifgeh this analysisascontaining keytocationsof corals (Areas 1, 2,
and 5) Area 6, Beothuk Knoll, has no identifigkdy locatioms at the present time. Howevéine original designation
of this area as candidate VME was based on Russian \datsichenko and Sklyar2008, see NAFQ2008&a for
details) thatwas not available during this analysiBhis situationdoes not diminish the original WGEAFM
consideratiorthat Area 6is important as coral habitat or its status as WGEAFM candidate VME.

All the geographical databases were referenced to the WGS 1984 0n®&2BN. Moreover, bathymetric curves
were exported as shapefiles (ArcMap format) from GEBCO Digital Atlas, nevertheless, these are not totally precise
for detailed maps.
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Figure 7. Significant concentrations of coral taxa as determined from researehsuegsy datal he
numbers refer to the WGEAFM numbering of their candidate VME locations (Figufe Indicated

in the figure itself, large red symbols indicate key locations while small ones denote presence of corals
below threshold levels.
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Figure 8. Closaip of the two siteson the tail of the Grand Bank where concentrationssiofll
gorgonians A. arbusculd were found above the threshold. A buffer zone around each location
is also indicated.

Proposed Cmrdinates for the Delineation of Significant Concentrations of Corals of Key Locationsin Areas
1,2and5

The following figures show a cloag on each one ofé key locations identified inr&as 12, and 5. Each figure is
composedf threemaps- one indicating tk locationsof significant concentrations of coraBnother one shdng

the 4nmbuffer around eachtow where thesignificant concentratiorwas foundand the polygons drawn to
encapsulate nearby sites, and finally a simpler map with only the point lacatiohthe polygondelineating the

key locationof the coralswithin the VME The exact coordinates corresponding to these polygons are detailed in

Table2.

Area 1: Large Gorgonians

Figure9a. Significant concentrationsf large gorgonian corala canddate VMEArea 1.



