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ABSTRACT

Sutherland, T.F., Levings, C.D" Petersen, S.A., Sinclair, D., Jepps, S., Gillard, B.,
Knight, J., McPhie, R., Walton, P., Lessard, J., McGreer, E., and Taekema, B.
2005. Data report on a benthic survey conducted near Kent Island, British
Columbia. Can. Data Rep. Fish Aquat. Sci. 1166: v + 27 p.

A grab sampling survey was carried out a finfish site situated on the southwest
side of Kent Island located in Queen Charlotte Strait, British Columbia. Replicate grab
samples were also collected at a nearby reference site. The sediment samples were
analyzed for sediment grain size, total nitrogen and carbon content, trace-metal
concentration, and macrofaunal abundance. A SCUBA survey was also carried out
approximately 6 months prior to the grab sampling to assess the fish, flora, and epifaunal
communities present in the nearshore environment. The data resulting from these surveys
are presented in this report.

RESUME

Sutherland, T.F., Levings, C.D., Petersen, S.A., Sinclair, D., Jepps, S., Gillard, B., and
Knight, J., McPhie, R., Walton, P., Lessard, J., McGreer, E., and Taekema, B.
2005. Data report on a benthic survey conducted near Kent Island, British
Columbia. Can. Data Rep. Fish Aquat. Sci. 1166: v + 27 p.

Dne campagne d'echantillonnages ponctuels ponctuels a ete effectuee sur un site
piscicole se trouvant au sud-ouest de l'lle Kent, dans Ie detroit de la Reine-Charlotte
(Colombie-Britannique). Dne campagne de controle parallele par echantillonnages
ponctuels a ete effectuee Des echantillons de reference ont egalement ete recueillis de la
meme fa90n sur un site de reference se trouvant a proximite. Les sediments recueillis
echantillons ont ete soumis a des analyses granulometriques, chimiques ( et a des
analyses visant aetablir la teneurs en azote, et en carbone et, la concentration de en
metaux en traces) et biologiques (abondance de la macrofaune). l'abondance
macrofaunique du sediment. Environ six mois avant la campagne d'echantillonnage
ponctuel, des releves un programme d'etude en plongee autonome ont avait ete effectues
execute pour caracteriser recenser les communautes piscicoles, floristiques et
epifauniques presentes a proximite du rivage. Ce rapport presente orte sur les resultats
donnees obtenues.
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INTRODUCTION

Environmental impacts may be associated with fish farm activities through
changes in sedimentation rates of organic particulate matter, sediment oxygen demand
and sulphide reduction, and benthic community structure (Fisheries and Oceans Canada
2004). The relationship between organic enrichment and the behavioural responses of
benthic macrofauna have been reviewed by Diaz and Rosenberg (1995), while the
recovery of benthic macrofaunal populations influenced by· organic enrichment
associated with fish farm activities has been documented by Lu and Wu (1998). This
report provides a data summary of a suite of sediment environmental parameters as well
as benthic macrofauna taxa observed at a salmon netpen location southwest of Kent
Island, British Columbia. This farm had been in operation for a short period (March 13 to
August 31, 2002) and consisted of twelve 24 x 24 m netpens in two rows of six (held
1.008 M Atlantic salmon smolts). The documentation of this data set may be useful in
providing information for potential changes in macrofaunal communities associated with
this level of production under current conditions in the British Columbia environment.

SITE CHARACTERISTICS

Kent Island is part of the Walker group of islands located in Queen Charlotte
Strait, British Columbia (Figure 1). The farm site is situated on the southwest side of
Kent Island next to Bolivar Passage in a steep sided bay which drops to 100 m in depth
within 600 m of the shore. The bay is approximately 735 m wide and 400 m long.
Reference stations were located on the southeast side of Kent Island where Ripple
Passage and Shelter Passage meet. The depth beneath the netpen system ranged from
approximately 38 m to 90 m while the depths of the reference stations ranged from 60 m
to 70 m (Table 6). A report by Brooks (2002) describes the benthic substrate consisting
of bedrock, boulders, large cobble, and patches of sand near the proposed tenure site with
predominantly sandy substrates observed 1600 m from the site. In addition, rich
macroalgal beds and invertebrate communities, including Northern abalone (Haliotis
kamtschatkana) , were observed in the highly diverse habitat in the nearshore
environment.

BENTHIC SURVEY DESIGN

The staff of the Habitat Enhancement Branch (REB) and Conservation and
Protection Division (C&P) made plans to conduct a benthic grab survey at the fish farm
site at Kent Island. Advice was sought from the Science Branch (C.D. Levings)
regarding the sampling design of the grab survey. Sediment samples were collected along
the perimeter of the netpen system as well as in a central location between the two netpen
arrays. Three reference stations were located on the southwest side of Kent Island where
Ripple Passage and Shelter Passage meet.



MATERIALS AND METHODS

SCUBA SURVEY

Shelley Jepps, Bryce Gillard, and Joe Knight carried out a reconnaissance
SCUBA survey along the nearshore (896 metres) on May 7,2002. Two transects made up
of 3 dives were surveyed along the shore in a zig zag pattern between highwater and 20
feet of depth as measured by the diver's depth gauge. The primary diver recorded
observed fauna and flora on an underwater slate and made general habitat observations.
The secondary diver used a Sony Digital Handycam (model DCR-TRV17 NTSC) with an
Amphibico Dive Buddy housing to video the habitat and species present. A species list
of fish, invertebrates, and algae was generated from observations made along this dive.

Due to the noted presence of abalone during the reconnaissance SCUBA survey, a
second set of SCUBA surveys were conducted between May 28th and 31st, June 10th and
12th of 2002 with the specific intent of estimating abalone population at the site. This
survey was conducted using methodology outlined in Lessard et al. (2002). Transect
locations for both dives are shown in Figure 2.

ROVSURVEY
An ROV survey of the site was conducted with a Deep Ocean Phantom HD2

between June 4 and 6, 2002. The GPS locations of the four comers of the netpen
structure were recorded using a Garmin II Plus (model GR-145-00214) from fisheries
support vessels on June 4 (Port Hardy 1) and June 5 (Chimaera IV). A series of nine
transects was then filmed with the ROV around the perimeter of the netpen structure as
well as northward and southward along the predominant current in the area. The
locations of these transects relative to the netpen structure are shown in Figure 3.
Observations of habitat and fauna within the tenure were made from these transects by
Shelley Jepps.

GRAB SURVEY
On September 12th and 13th

, 2002, three Ponar grab (0.04 m2
) samples were

collected by HEB and C&P staff at the Kent Island aquaculture facility. Although the
individual nets had been removed from the two netpen arrays, walkway structures and 2
large predator nets remained in place. Only one Ponar grab (Station S-17) was
successfully deployed from the netpen walkways using a portable capstan winch on
September 12, 2002, due to net entanglements during deployments. As a result, perimeter
sampling was resumed on September 13, 2002, with the use of a capstan gear puller and a
733-Hurricane Zodiac rigid hull inflatable alongside the netpen structure. Two more grab
samples were successfully obtained using this technique (Stations S-9 and S-lO).

When the Ponar grab was retrieved, the contents were carefully placed into a
bucket and three 150 mL subsamples were removed from the intact surface layer using a
plastic scoop. Each of these samples were placed in 180 mL cylindrical amber glass
sample jars with plastic lids and stored in a cooler for geotechnical and chemical
analyses. The remainder of the grab sample was then washed through a 1.0 mm sieve
using screened surface seawater for macrofaunal analysis. The sieved samples were then
placed in 1 L plastic sample jars and preserved with a solution of 10% buffered formalin.

2



The preserved samples were later transferred into isopropyl alcohol prior to laboratory
analysis.

Further grab sampling was carried out using a Van Veen grab (0.1 m2
) aboard the

B.C. provincial vessel, Grizzly Coast, along with the support of the Ministry of Water,
Land and Air Protection (MWLAP) on October 1, 2002. Once the grab samples were
retrieved, four subsamples were removed from the surface layer and homogenized in a
plastic container before being split into three 180 mL amber sample bottles according to
MWLAP monitoring protocols. Ten sediment grab samples were collected along the
netpen perimeter (Figure 5), while 3 reference samples were collected on the opposite
side (southeast) of Kent Island. The macrofauna samples were sampled in a similar
manner to those described above.

LABORATORY ANALYSIS
The surficial sediment subsamples were delivered to Environment Canada's

Pacific Environmental Science Centre (pESC), North Vancouver, British Columbia, for
trace-metal, total nitrogen, total carbon and particle size analysis. The preserved
macrofauna samples were sent to Biologica Environmental Services Ltd., Victoria,
British Columbia, for invertebrate enumeration and general sample description.

Trace Metal Analysis
A subsample of sediment from one of the three sample jars collected at each

station was removed and placed in a 16 dram plastic vial with a snap closure, 14 to Y2 full.
These subsamples were then analyzed according the PESC SEDMET Method V 6.0,
using an Optima 4300 Inductively Coupled Plasma Emission Spectrometer (PerkinElmer
Life and Analytical Science, Woodbridge, ON). This procedure tests for content of:,
aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chromium,
cobalt, copper, iron, lead, magnesium, manganese, molybdenum, nickel, phosphorous,
potassium, selenium, silicon, silver, sodium, strontium, sulphur, tin, titanium, vanadium,
and zinc.

Total Carbon and Nitrogen Analysis
The total nitrogen concentration of the sediment samples was determined using

the PESC TN Method V 2.0 automated, colorimetric, persulphate digest cadmium/copper
reduction. Percent total carbon determinations were made by Pacific Soil Analysis Inc.,
Richmond, British Columbia. Determinations were made using a 12% CaC03 standard
and performed in a 2500° F oven.

Particle Size Analysis
The particle size analysis on the benthic sediment samples was carried out

according to the Ocean Dumping Extra Points format (Soilcon, 2003). Each sample was
first put through a 2.0 mm dry sieve. The portion <2.0 mm was then wet sieved through
1.0 mm, 0.5 mm, 0.25 mm and 0.125 mm sieves and finally the remaining solution was
stirred and 20 mL subsamples removed with a volumetric pipette at predetermined time
intervals to determine the soil fractions less than 0.063 mm, 0.004 mm and 0.002 mm.
The particle size data was also merged and presented in the standard Ocean Dumping

3



fonnat which consists of four broader categories: <0.004 mrn, 0.004 - 0.63 mrn, 0.63
2.00 mrn, >2.00 mrn.

Macrofauna Analysis
For the macrofauna analysis, a Rose Bengal stain was added to the samples to

stain organisms pink and help facilitate the sorting process. Five mL fractions of each
sample were sorted in a gridded dish using a dissection microscope (10 to 30 x
magnification) removing all organisms with forceps. Each dish was sorted at least twice.
For sorting quality assurance, the debris was retained and a portion from each jar was
spread in a 22.5 x 32.5 cm white pan and examined under a dissection microscope at 12 x
magnification. If greater than 2 organisms were recovered the entire sample was resorted
and subjected to another spot check. A sorting efficiency was calculated based on the
results of the resorts. The entire sample was sorted in this manner. In tenns of taxonomic
verification, sorting identifications of the observed organisms were verified by a
taxonomist. When incomplete specimens were present only anterior portions were
counted. Colonial organisms such as bryozoa, hydrozoa and cnidarians were counted as
colony fragments, not as specimens or individuals. Identified organisms were stored in
70% ethanol in labelled vials.

Debris Description
Estimates of the retained debris portions of the preserved samples were provided

by Biologica Environmental Services Ltd. Wood, mineral material and shell fragments
were measured using 0.5 cm increments, while mineral material was measured using 0.2
cm. If the mineral portion of the debris was <0.2 cm it was identified as sand, silt or clay
depending on a subjective judgement by the observer. Materials> 0.2 and < 0.5 cm were
indentified as gravel «0.5 cm) and gravel larger than 0.5 cm was measured to the nearest
0.5cm.
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Table 1. Invertebrate species observed during a SCUBA survey at a fish farm at Kent Island,
British Columbia on May 7,2002.

Common Name
California Sea Cucumber
Orange Sea Cucumber
California Mussel
Green False-jingle
Rock Scallop
Northern Abalone
Rough Keyhole Limpet
Brown Turban Snail
Topsnail
Whitecap Limpet
Limpets
Leafy Hornmouth
Oregon Triton
Giant Pacific Octopus
Gumboot Chiton
Black Katy Chiton
Lined Chiton
Chitons
Sunflower Star
Painted Star
Morning Star
Leather Star
Mottled Star
Blood Star
Ochre Star
Brittle Star
Puget Sound King Crab
Decorator Crab
Kelp Crab
Hermit Crabs
Dock (Coonstripe) Shrimp
Shrimp
Red Sea Urchin
Purple Sea Urchin
Green Sea Urchin
Slime Tube Worm
Calcareous Tube Worms
Coralline Fringed Tube Worm
Northern Feather Duster Worms
Double Crowned Feather Dusters
Brooding Anemone
Buried Anemone
Giant Plumose Anemone
Giant Green Anemone
Painted Anemone
White-spotted Anemone
Rsh-Eating Anemone
Tube-dwelling Anemone
Anemones
Pink Mouth Hydroid
Glassy Plume Hydroid
Orange Cup Coral
Tritonia
Odhner's Dorid
Tochni
Opalescent NUdibranch
Unidentified NUdibranchs
Staghorn Bryozoan
Goose Barnacle
Giant Barnacle
Stalked Sea Squirt
Glassy Sea Squirt
Colonial Purple Tunicate
Sea Squirts

8

Latin Name
Parastichopus califomicus
Cucumaria sp.
My/ilus califomianus
Pododesmus macrochisma
Crassadoma gigantea
Haliotis kamtschatkana
Diodora aspera
Tegula pulligo
Calliostoma sp.
Acmaea mitra
Various unidentified
Ceratastoma folia tum
Fusitriton oregonensis
Octopus dofleini
Crypotochiton stel/eri
Katharina tunicata
Tonicel/a sp.
Various unidentified
Pycnopodia helianthoides
Orthasterias koehleri
Solaster stimpsoni
Dermasterias imbricata
Evasterias troschelii
Henricia leviuscula
Pisaster ochraceus
Ophiopholis aculeafa
Lopholithodes mandtii
Unidentified
Pugeftia producta
Unidentified
PandaIus danae
Unidentified
Strongylocentrotus franciscanus
Stronglyocentrotus purpuratus
Stronglyocentrotus droebachiensis
Myxicol/a infundibulum
Serpula vermicularis
Dodecaceria concharum
EUdisfylia vancouveri
Unidentified
Epiactis prolifera
Urticina coriacea
Metridium giganteum
Anthopleura xanthogrammica
Urticina crassicomis
Urticina lofotensis
Urticina piscivora
Pachycerianthus fimbriatus
Unidentified anemones
Ectopleura sp. (probably other sp. as well)
Plumeriasp.
Balanophyllia elegans
Tritonia festiva
Archidoris odhneri
Tochuina tetraquetra
Hermissenda crassicomis
Various sp.
Heteropora magna
Pollicipes polymarus
Balanus nubilus
Sfyala montereyensis
Ascidia paratropa
Unidentified
Various unidentified



Table 2. Flora and fish species observed during a SCUBA survey at a fish farm at Kent Island,
British Columbia on May 7, 2002.

Algae and Marine Plants
Common Name
Surf Grass
Fringed Sieve Kelp

Unidentified Red Filamentous Algae
Unidentified Brown Filamentous Algae
Iridescent Red

Encrusting Coralline Algae
Coralline Algae

Giant Kelp
Bull Kelp
Kelp
Split Kelp

Sugar Kelp
Woody-stemmed Kelp

Double Pom-pom Kelp
Ribbon Kelp
Seersucker
Acid Kelp

Three-ribbed Kelp

Fish

Common Name
Buffalo Sculpin

Kelp Greenling
Painted Greenling
Yellowtail Rockfish
Black Rockfish

Quillback Rockfish
Copper Rockfish

Tube Snout
Unidentified Sculpins
Black-eyed Goby
Goby

9

Latin Name
Phyllospadix scou/eri
Agarumsp.

Various sp.

Various sp.
Various sp.

Sp.?
Sp.?
Macrocystis integrifolia

Nereocystis /eutkeana
Laminarians
Laminaria groen/andica

Laminaria saccharina
Pterygophora californica

Eisenia arborea
A/aria sp.
Costaria costata

Desmarestia sp.
Cymathere triplicata

Latin Name
Enophrys bison

Hexagrammos decagrammus
Oxy/ebius pictus
Sebastes flavidus
Sebastes me/anops
Sebastes maliger

Sebastes caurinus
Au/orhynchus flavidus

Various sp.
Coryphopterus nicho/si

Unidentified



Table 3. Abalone observed during a SCUBA dive at a fish farm at Kent Island,
British Columbia.

Transect Transect Length Number of Quadrats Number of Abalone
(m)

1 18 9 2
2 28 14 2
3 12 6 0
4 14 7 4
5 18 9 2
6 12 6 0
7 12 6 0
8 22 11 0
9 18 9 0
10 18 9 3
11 16 8 2
12 28 14 0
13 18 9 0
14 30 15 0
15 30 15 2
16 18 9 3
17 16 8 1
18 18 9 1
19 30 15 1
~ ~ 12 1
21 34 17 6
22 16 8 1
23 14 7 2
24 26 13 0
25 40 20 1

10



Table 4. GPS coordinates of the corners of the netpen structure at Kent Island,
British Columbia (NP = netpen).

GPS
Corner coordinates Date Vessel

NP-1 N 50° 53.925' June 4,2002 Port Hardy 1
W 1270 32.438'

NP-2 N 500 53.942' June 4,2002 Port Hardy 1
W 12r 32.298'

NP-3 N 50 0 53.977' June 5,2002 Chimaera IV
W 1270 32.310'

NP-4 N 500 53.960' June 5, 2002 Chimaera IV
W 1270 32.454'

11
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Figure 3. Location of ROV survey transects at Kent Island, British Columbia.
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Table 5. Invertebrate, fish and algae species observed during ROV survey at Kent Island, British
Columbia.

Common Name
Invertebrates
California Sea Cucumber
Unidentified White Cucumber on sand
Pedal Cucumber
Swimming Scallop
Oregon Triton
Red Flabellina Nudibranch
Red Octopus
Pink Pisaster
Painted Star
Striped Sunstar
Morning Sunstar
Blood Star
Vermillion Star
Rose Star
Wrinkled Star
Brittle Star
Sun Star
Red Sea Urchin
Calcareous Tube Worms
Unidentified Sediment Tube Worms
Snakelock Anemone
Giant Plumose Anemone
Sea Pen
Orange Cup Coral
Staghom Bryozoan
Unidentified Hydrozoans/Bryozoans
Sea Peach
Sea SqUirts
Hexactinellid sponge
Yellow Boring Sponge
Rough Scallop Sponge
Unidentified White Finger-like Sponge
Unidentified Stalked Trumpet-like Sponge
Sea Spider

Fish
Kelp Greenling
Cod
Yellowtail Rockfish
Quillback Rockfish
Tiger Rockfish
Rat Fish
Rock Sale
Unidentified Rockfish

Algae
Encrusting Coralline Algae

Latin Name

Parastichopus californicus
Possibly Pentamara sp.
Psolus chitonoides
Chlamyssp.
Fusitriton oregonensis
Flabellina triophina
Octopus rubenscens
Pisaster brevispinus
Orthasterias koehleri
Solastersumpsoni
Solaster dawsoni
Henricia leviuscula
Mediaster aequalis
Crossaster papposus
Pteraster militaris
Unidentified
Solaster sp.
Strongylocentrotus franciscanus
Serpula sp.

Cribrinopsis fernaldi
Metridium giganteum
Ptilosarcus gurneyi
Balanophyllia elegans
Heteropora magna

Halocynthia auranuum
Various unidentified

Cliona celata
Myxilla incrustans

Possibly Stylissa
Pycnogonida

Hexagrammos decagrammus
Gadidiae
Sebastes f1avidus
Sebastes maliger
Sebastes negrocinctus
Hydrolagus colliei
Lepidopsetta bilineata
Most likely Sharpchin

Unidentified
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Table 6. Description of grab sampling information at both farm (8, KI) and reference (RF)
stations, Kent Island, British Columbia.

Station Date GPS Location Grab Type Depth Time General Observations

(m) (pDn

S-9 Sept 13, 2002 N 50° 53.933' Ponar 71 13:51 Light odour, small sample, some

W 127° 32.447' dark surface area, red worms

S-10 Sept 13, 2002 N 50° 53.950' Ponar 84 12:06 Moderate odour, black surface

W 127° 32.451' layer, red worms, small sample

S-17 Sept 12, 2002 N 50° 53.953' Ponar 84 9:21 Strong odour, black surface layer,

W 127° 32.376' red worms

KI·1 Oct 1, 2002 N 50° 53.975' Van Veen 65 8:49 Shell hash, moderate odour, brown

W 127° 32.317' colour, gas bubbles

KI-3 Oct 1, 2002 N 50° 53.943' Van Veen 39 13:10 No odour, worm tubes

W 127° 32.306'

KI-5 Oct 1, 2002 N 50° 53.935' Van Veen 71 12:26 Strong odour, black colour, gritty

W 127° 32.381' texture, dead clams

KI-6 Oct 1,2002 N 50° 53.931' Van Veen 77 12:05 Strong odour, black surface, gritty

W 127° 32.405' texture, dead clams

KI-7 Oct 1, 2002 N 50° 53.928' Van Veen 75 11 :49 Moderate odour

W 127° 32.433'

KI-8 Oct 1, 2002 N 50° 53.936' Van Veen 85 11 :05 N/A

W 127° 32.443'

KI-9 Oct 1, 2002 N 50° 53.959' Van Veen 87 10:41 N/A

W 127° 32.442'

KI-10 Oct 1,2002 N 50° 53.963' Van Veen 79 10:12 N/A

W 127" 32.414'

KI·11 Oct 1, 2002 N 50° 53.968' Van Veen 72 9:42 Rocks, little shell hash, small crab

W 127° 32.376'

KI-12 Oct 1, 2002 N 50° 53.971' Van Veen 67 9:15 Brown colour, moderate odour, shell

W 127° 32.344' hash, worm tubes

RF-1 Oct 1, 2002 N 50° 54.123' Van Veen 68 14:43 Brown colour, no odour

W 127° 30.973'

RF-2 Oct 1, 2002 N 50° 54.144' Van Veen 69 15:12 Brown colour, no odour

W 127° 30.914'

RF-3 Oct 1, 2002 N 50° 54.092' Van Veen 60 15:26 Brown colour, no odour

W 127° 30.958'
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Figure 5. Approximate locations of grab sampling stations
relative to the netpen layout at Kent Island, British Columbia.
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Table 8. Sediment total carbon and total nitrogen contents observed
at farm and reference stations at Kent Island, British Columbia.

Sampling Station

S-9

S-10

S-17

KI-1

KI-3

KI-5

KI-6

KI-7

KI-8

KI-9

KI-10

KI-11

KI-12

RF-1

RF-2

RF-3

Percent Total
Carbon

(%)

2.04

1.90

4.09

7.93

4.26

5.12

4.19
3.25

1.92

2.43

1.83

4.26

7.96

3.05

0.68
0.55

19

Total Nitrogen

()J.g g")

761

637

1273
2360

1772

1552

1895
776

689

758

876

1222
2254

1636
641

590
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Table 10. Detection limits for sediment trace-metal analysis conducted on an Optima 4300
inductively coupled plasma emission spectrometer. (PESC. SEDMET Method V 6.0).

Element Detection Limit
(1J.9 g-l)

(ICP Total)
Aluminum 8
Antimony 8
Arsenic 8
Barium 0.2
Beryllium 0.2
Boron 2
Cadmium 0.8
Calcium 20
Chromium 0.8
Cobalt 0.8
Copper 0.8
Iron 0.8
Lead 8
Magnesium 20
Manganese 0.2
Molybdenum 2
Nickel 3
Phosphorus 20
Potassium 20
Selenium 8
Silicon 8
Silver 2
Sodium 20
Strontium 0.2
Suijur 8
Tin 8
Titanium 0.3
Vanadium 2
Zinc 0.3
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Table 11. Benthic debris descriptions observed at farm and reference sampling stations at Kent Island,
British Columbia.

Station Benthic Debris Description

S-9 Worm tube fragments, woody debris (to 9.0 cm), shell fragments (to 4.5 cm), organic debris,
urchin spine fragments, foraminiferan tests, and gravel (to 2.5 cm). 150 mL

S-10 Worm tube fragments, woody debris (to 1.5 cm; <5% charcoal), organic debris, shell
fragments (to 3.0 cm), foraminiferan tests, and algae. 100 mL

S-17 Worm tube fragments, shell fragments (to 3.0 cm), organic debris, woody debris (to 3.5 cm;
<5% charcoal), and urchin spine fragments. 400 mL

KI-1 Shell fragments (to 4.5 cm), organic debris, wood fragments (to 3.0 cm), urchin spine
fragments, sand, foraminiferan tests, and gravel (to 2.0 cm). 1450 mL

KI-3 Shell fragments (to 6.5 cm), worm tube fragments (including Phyllochaetopterus tubes),
sand, foraminiferan tests, bryozoan tests, urchin spine fragments, organic debris, woody
debris (to 4.0 cm), and algae. 1450 mL

KI-5 Shell fragments (to 2.5 cm), worm tube fragments, foraminiferan tests, sand, organic debris,
woody debris (to 2.0 cm), urchin spine fragments, bryozoan tests, algae, and gravel (to 1.0
cm). 1300 mL

KI-6 Shell fragments (to 3.0 cm), worm tube fragments, woody debris (to 3.0 cm; <25%
charcoal), organic debris, foraminiferan tests, gravel (to 2.0 cm), sand, and algae. 900 mL

KI-7 Shell fragments (to 2.5 cm), organic debris, worm tube fragments, woody debris (to 2.5 cm;
10% charcoal), foraminiferan tests, sand, and algae. 550 mL

KI-B Organic debris, woody debris (to 1.5 cm; <5% charcoal), worm tube fragments, and shell
fragments (to 3.5 cm). 350 mL

KI-9 Organic debris, worm tube fragments, woody debris (to 2.5 cm; <5% charcoal), and shell
debris (to 4.0 cm). 400 mL

KI-10 Worm tube fragments, shell fragments (to 4.0 cm), wood fragments (to 2.0 cm; <5%
charcoal), organic debris, foraminiferan tests, and urchin spine fragments. 400 mL

KI·11 Shell fragments (to 2.5 cm), worm tube fragments, woody debris (to 5.5 cm; <5% charcoal),
organic debris, urchin spine fragments, gravel (to 2.5 cm), and algae. 550 mL

KI·12 Shell fragments (to 4.0 cm), organic debris, woody debris (to 2.5 cm; 5% charcoal),
foraminiferan tests, urchin spine fragments, worm tube fragments, bryozoan tests, sand,
and gravel (to 2.0 cm). 1650 mL

RF·1 Shell fragments (to 4.5 cm), worm tube fragments, organic debris, woody debris (to 1.5 cm),
bryozoan tests, urchin spine fragments, sand, foraminiferan tests, and gravel (to 1.5 cm). 750 mL

RF-2 Worm tube fragments, shell fragments (to 5.0 cm), woody debris (to 2.0 cm; <5% charcoal),
organic debris, and foraminiferan tests. 100 mL

RF-3 Worm tube fragments, shell fragments (to 4.5 cm), woody fragments (to 2.0 cm; <5%
charcoal), and ophiuroid fragments. 100 mL

24



T
ab

le
12

.
M

ac
ro

fa
un

al
ab

un
da

nc
e

ob
se

rv
ed

at
fa

rm
an

d
re

fe
re

nc
e

st
at

io
ns

at
K

en
t

Is
la

nd
,

B
rit

is
h

C
ol

um
bi

a.

S
am

pl
in

g
S

ta
tio

ns
T

ax
on

S
-9

S
-1

0
S

-1
7

K
I-1

K
I-

3
K

I-5
K

I-
6

K
I-

7
K

I-
8

K
I-

9
K

I-
10

K
I-1

1
K

I-
12

R
F-

1
R

F
-2

R
F

-3
(O

rg
an

is
m

s
m

-2
)

P
O

R
IF

E
R

A
25

25
27

5
11

00
19

0
0

0
10

50
0

0
10

0
10

30
60

C
N

ID
A

R
IA

H
yd

ro
zo

a
25

30
0

75
38

0
40

80
80

15
0

0
10

20
11

0
40

10
19

0
45

0
P

LA
T

Y
H

E
LM

IN
T

H
E

S
0

0
0

0
0

0
0

20
0

0
0

0
0

0
0

0
N

E
M

E
R

T
E

A
0

75
0

57
0

30
0

0
0

50
20

10
10

0
80

30
30

80
N

E
M

A
T

O
D

A
25

30
0

17
5

35
40

54
0

70
10

25
0

40
50

50
17

0
30

12
50

31
0

17
0

A
N

N
E

LI
D

A
P

ol
yc

ha
et

a
37

25
89

00
58

75
91

00
35

90
93

90
16

00
0

12
31

0
62

70
56

50
35

60
37

90
28

90
21

50
33

30
35

10
O

lig
oc

ha
et

a
25

0
75

50
10

10
0

20
0

0
0

0
30

0
0

0
S

IP
IN

C
U

LA
0

0
0

0
0

0
0

0
0

0
0

0
0

10
0

10
M

O
LL

U
S

C
A

P
ol

yp
la

co
ph

or
a

0
0

0
10

0
0

0
0

0
0

0
0

10
50

40
10

0
G

as
tr

op
od

a
25

0
75

30
0

30
10

0
20

30
40

10
0

50
10

0
19

0
31

0
20

0
N

B
iv

al
vi

a
75

10
0

0
60

80
0

0
30

80
90

30
10

0
20

22
0

43
0

38
0

U
1

S
ca

ph
op

od
a

0
0

0
0

0
0

0
0

0
0

0
0

0
0

30
20

A
R

T
H

R
O

P
O

D
A

P
yc

no
go

ni
da

0
0

0
0

0
0

0
0

0
0

0
0

0
0

10
20

.
A

ra
ch

ni
da

(A
ca

rid
a)

0
0

0
60

0
0

0
0

0
0

0
0

0
0

0
0

In
se

ct
a

0
0

0
10

0
0

0
0

0
0

0
0

0
0

0
0

C
ru

st
ac

ea
50

15
0

12
5

26
50

20
0

36
0

30
60

11
0

30
30

60
40

38
0

53
0

41
0

E
N

T
O

P
R

O
C

T
A

0
0

0
40

0
0

0
10

0
0

0
0

0
0

0
10

B
R

Y
O

Z
O

A
0

25
12

50
35

0
0

20
0

13
0

20
30

20
10

0
40

11
0

12
0

1
0

E
C

H
IN

O
D

E
R

M
A

T
A

O
ph

iu
ro

id
ea

0
0

0
30

0
0

0
10

10
0

10
20

0
50

21
0

60
H

ol
ot

hu
ro

id
ea

0
0

0
20

0
0

0
0

0
0

0
0

0
90

50
60

U
R

O
C

H
O

R
D

A
T

A
A

sc
id

ia
ce

a
0

0
0

0
0

0
0

0
0

0
0

20
0

0
0

0
U

ni
de

nt
ifi

ed
eg

gs
an

d
la

rv
ae

0
50

0
56

0
10

0
0

0
43

0
0

0
0

0
0

10
10

0

T
ot

al
or

ga
ni

sm
s

m
-2

39
75

98
75

79
25

18
36

0
47

10
10

03
0

16
06

0
13

03
0

66
70

58
90

37
30

45
40

33
20

45
40

55
90

54
50

T
ot

al
nu

m
be

r
of

ta
xa

8
8

8
16

9
7

4
12

9
8

8
12

10
13

14
15



600 600

500 KI-7 S-9 KI-8 500 S-10 KI-9

400 400

300 300

200 200

100 100

0 0
1 2 3 4 5 6 7 1 234 567 1 2 3 456 7 1 2 3 456 7 1 2 3 4 5 6 7

600 600

500 KI-6 500 KI-10

400 400

300
Netpen system

300

200 200

100 100

0
~

0
1liI~~

1 2 3 4 567 1 2 34567

600 4000 600

500 KI-5 3000 S-17*
500 KI-ll

400 2000 400

300 1000 300

"200 200

100 100

0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 345 6 7

600
~ KI-12E 500

III
400E

III 300'E
CII Netpen system

200CI...
0 100

0
1 2 345 6 7

KI-3
600 ,---------,

500

400

300

200

100

o L-"i~'-""'~J:I'l..l~....._J

1234567

Faunal Group

= l=Porifem
2= Coidaria
3 = Nemertea
4 =Nematoda
S = Mollusca
6 =Arthropoda
7 = Bryozoa

~J3500

3000

2500

100

500

1234567

Figure 10. Macrofaunal abundance (annelids excluded) found at farm sampling stations at Kent Island,
British Columbia. *Note: stations S-17 and KI-l standardized to 4000 to accomodate larger range.
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Figure 11. Macrofaunal abundance (annelids excluded) found at reference stations at Kent Island,
British Columbia.
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