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1.0 APPLICATION DESCRIPTION

Ernie Porter of Town Point Consulting Inc. (TPCI) has applied for three marine aquaculture
licenses and leases for the suspended cultivation of American oyster (Crassostrea virginica).
The applications were received by the Department of Fisheries and Aquaculture (NSDFA) on
January 27, 2020. All proposed sites are located in a body of water known as Antigonish
Harbour, Antigonish County.

The differences between the site applications are the physical location, size of the sites and the
production plan associated with each site. The following package consists of a report on the
outcomes of consultations specific to AQ#1442.

SCHEDULE A

Aquaculture Site

1442

Corner Latitude Longitude
1 45° 40" 12.360" -61° 53" 34 BOO"
2 457 40" 16.680" -61° 53" 30.840"
3 45°40' 21.104" -61° 53' 38.809"
4 45° 40" 20.280" -61° 53" 43 080"
Cantre 45° 40' 17 458" -681° 53" 36.442"

DATUM NAD B3 CSRS UTM Zone 20
The above coordinates are not frem a legal survey

License/Lease Holder County Waterbody Hectares Species Type Culture Type Chart
Town Point Consulting Inc. Antigonish Antigonish Harbour 3.2 Shellfish Suspended Culture 4446
[ Proposed Application [l Other Proposed Lease o 05 1 2 Diselalmer

S i s E— Tk, This map should not be used for navigation

Fisheries and Aquaculture or legal purposes. It is intended for general

Other Issued Lease Kilometers reference use only.

Date: 20000402 Created 3y MK

Sources: Lsri, IILRL, Garmin, Intermap. increment P Corp., GLBCO, USGS. A, NPS, NRCAN, GeoBase, IGN, Kadaster NI, Ordnance Survey, Lari Japan. METL, Lsxi
China (Hong Komg), (¢) OpenStrectMap contributors, and the GIS User Commu Serviee Nova Scotia and Internal Services

Figure 1: Proposed lease AQ#1442. Please refer to NSDFAs Site Mapping Tool at
https://novascotia.ca/fish/aquaculture/site-mapping-tool/ for an interactive map showing proposed leases.
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2 457 40' 16.680" -61° 53" 30.840"
3 457 40' 21.104" -61° 53" 38.609"
4 45* 40' 20.280" -61" 53" 43.080"
Centre 457 40' 17.456" -617 53" 36.442"
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Town Point Consulting Inc. Antigonish Antigonish Harbour 3.2 Shellfish Suspended Culture 4446
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(=11, [ Garmin, Ini oy i ~ TAO, NP5, " Geolase, ICN, Ka L O,
China {flang Kong), (c] OpenSireetMap contributors, and (he G135 User Community, Service Nova Scatia and Internal Services

Figure 2: Proposed lease AQ#1442. Please refer to NSDFAs Site Mapping Tool at

https://novascotia.ca/fish/aquaculture/site-mapping-tool/ for an interactive map showing proposed leases.
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2.0 CONSULTATION WITH MUNICIPAL, PROVINCIAL AND FEDERAL
AGENCIES

NSDFA requested review of the application by Municipal, Provincial and Federal agencies listed
in Table 1. An example of the “Network Memo” and “Network Agency Review of an
Aquaculture Application” sent to the review agencies can be found in Appendix L.

These agencies provided advice based on their respective mandates to NSDFA on

the proposed application. NSDFA worked with the applicant and the network agencies to
respond to questions or comments regarding the application and to record any specific
information relayed by the network agencies.

Table 1: List of Appendices

Fisheries and Oceans Canada Appendix A
Canadian Food Inspection Agency Appendix B
Transport Canada Appendix C

Environment and Climate Change Canada — Canadian Shellfish Water | Appendix D
Classification Program
Environment and Climate Change Canada — Canadian Wildlife Service | Appendix E

NS Department of Environment (Now Department of Environment Appendix F
and Climate Change)

NS Communities, Culture and Heritage (Now Department of Appendix G
Communities, Culture, Tourism and Heritage)

NS Department of Agriculture Appendix H
NS Department of Lands and Forestry (Now Department of Natural Appendix |

Resources and Renewables)

Office of Aboriginal Affairs (Now Office of L'nu Affairs) Appendix J

NS Municipal Affairs (Now Department of Municipal Affairs and Appendix K
Housing)

Sample of Network Memo and Network Agency Review of an Appendix L

Aquaculture Application
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Summary of Network Consultations:

The following are summaries of the individual network agency consultations NSDFA undertook
regarding the adjudicative boundary amendment application for lease #1442. Please see the
appendices outlined in Table 1 to review the associated documents related to each of the
following network agency summaries.

Fisheries and Oceans Canada (DFO) reviewed the application according to their legislative mandate
which includes the Fisheries Act, Species at Risk Act (SARA), Oceans Act and applicable regulations.
Initial questions and request for further information were submitted by DFO. These were forwarded to
the applicant for response and the information was then provided to DFO. (See Appendix A)

DFOQ’s assessment of the application resulted in their submission of information, advice, and
recommendations which were provided to NSDFA for consideration and provided to the applicant as
information awareness recommendations for the applicant to consider ensuring they would operate in
compliance with DFQO’s legislated mandate. DFO Fish and Fish Habitat section identified no critical
habitat or Species at Risk Act (SARA) listed species in the proposed lease area. If the application is
approved, NSDFA will work with DFO to ensure that the advice and recommendations provided are
appropriately incorporated into the required Farm Management Plan (FMP).

Canadian Food Inspection Agency (CFIA) submitted a network summary pertaining to AQ#1442 that
indicates no concerns regarding the proposed development were identified. CFIA provided
comments regarding the proponent’s responsibility to culture shellfish in a manner that ensures
they are safe for consumption and in compliance with the Canadian Shellfish Sanitation Program.
(See Appendix B)

Transport Canada (TC) has not provided comment related to navigable waters concerns pertaining
to the application. TC will complete their approval process once a decision is issued by the ARB.
(See Appendix C)

Environment and Climate Change Canada — Shellfish Water Classification Program (SWCP)
reviewed the application according to their legislative mandate and indicated that no concerns
regarding the proposed development were identified and provided a comment that the shellfish
harvesting classification for the area of the lease is currently Restricted. (See Appendix D)



N

Environment and Climate Change Canada - Canadian Wildlife Services Division (CWS) reviewed
the application according to their legislative mandate and have identified no concerns regarding
the proposed development. However, ECCC — CWS has provided a list of operational advice,
conditions, and recommendations that NSDFA will incorporate into the Farm Management Plan
(FMP) for lease AQ#1442. If the application is approved, NSDFA will work with CWS to ensure that
the advice, conditions, and recommendations provided are appropriately incorporated into the
FMP for lease/license AQ#1442. NSDFA also considered the advice, recommendations and
information provided by CWS directly into NSDFA’s review and recommendations to the board.
(See Appendix E)

Nova Scotia Department of Environment Protected Areas Branch (NSDOE) (Now Department of
Environment and Climate Change) reviewed the application according to their legislative mandate.
The initial NSDOE response was based on a broader scope than their regulations and jurisdiction
dictate, including concerns relating to commercial and recreational fishing, and recreational
boating. A subsequent network review was submitted by NSDOE staff that aligns with their
regulatory authority and in which the revised NSDOE review identifies no concerns regarding the
proposed development of Lease AQ#1442. (See Appendix F)

Nova Scotia Communities, Culture and Heritage (NSCCH) (Now Department of Communities,
Culture, Tourism and Heritage) reviewed application for lease AQ#1442 application according to
their legislative mandate. CCH noted that they have concerns with the development of the lease
and provided comments indicating that the area has elevated archaeological potential but given
that the operation would utilize suspended culture the concerns were minimal. CCH provided
recommendation that the lease operator should contact their Coordinator of Special Places, John
Cormier if artifacts were encountered. (See Appendix G)

NS Department of Agriculture (NSDA) reviewed application for lease AQ#1442 application according
to their legislative mandate and provided a network comments review that identifies no concerns
from their department’s perspective. The NSDA did note that agriculture in the surrounding area
of Antigonish Harbour is active, and that this activity may increase in the future, and any noted that
increased run-off from agricultural use upstream may have a negative effect on the water quality.
(See Appendix H)
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Nova Scotia Lands and Forestry (NSL&F) (Now Department of Natural Resources and
Revewables) reviewed the application according to their legislative mandate and identified several
potential concerns regarding the proposed development. Their concerns were identified under the
Parks and Beaches Act, the Nova Scotia Wildlife Act, the Migratory Birds Convention Act, and the
Species at Risk Act. NSL&F provide a list of requested information regarding these concerns to
allow them to properly assess the impacts of the proposed development. NSDFA met with staff
from NSL&F to determine the detail of the information that they were requesting and forwarded
this request to the proponent to prepare a response. NSL&F found the proponents responses to
the requested information acceptable and concluded that, with proper operational and managerial
practices, that the development could proceed while taking the necessary recommendations to
ensure that impacts to the ecosystem and wildlife were minimal and/or that the proper mitigation
techniques were incorporated and practiced for all operations. (See Appendix I)

Nova Scotia Office of Aboriginal Affairs (Now Office of L'nu Affairs) reviewed the memo
containing information relating to the application and provided advice on requirements for further
consultation with the First Nations communities of Nova Scotia that might be impacted, or could
provide feedback on the aquaculture lease development. (See Appendix J)

Nova Scotia Department of Municipal Affairs (Now Municipal Affairs and Housing) reviewed the
memo of the proposed lease application and the detailed information pertaining to the lease. The
memo serves as a notification of the proposed development to Municipal Affairs only. (See
Appendix K)



3.0 SUMMARY OF CONSULTATIONS WITH THE MI'KMAQ OF NOVA
SCOTIA
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APPLICATION FILE NOs
AQ#1442, 1443, 1444

SUMMARY OF CONSULTATIONS WITH THE M’ KMAQ OF NOVA SCOTIA

Level of Consultation and the First Nations Communities Offered Consultation

The applications were sent to the Nova Scotia Office of L’nu Affairs (OLA) to screen the
applications for Aboriginal consultation purposes. OLA found the applications to potentially
involve impacts to Mi’kmaw Aboriginal and Treaty rights at the moderate end of the Haida
spectrum.

The criteria used to assess the potential for intrusion on asserted or established Aboriginal or
Treaty rights is further described in the initial offer to consult letter. These criteria included:
e The scope and scale of physical works required for the project;
e The proximity to Mi’kmaw communities;
e Regulatory requirements associated with the project (which estimate potential
environmental impacts to waterways); and
e The potential for the existence of - and impacts to - heritage resources of Mi’kmaw origin
within the project area.

On balance, NSDFA offered to consult the Mi’kmaq of Nova Scotia at a moderate level and
reached out to Chiefs and Councils for reciprocity in the form of community-level and collectively
held knowledge of potential adverse impacts to Aboriginal rights practiced within the project area
which could be used to inform the results of our screening and open the consultation dialogue.

Consultation was initiated with the following groups:

e The 10 Chiefs and Councils of the Assembly of Nova Scotia Mi’kmaw Chiefs, including
Membertou First Nation (under the August 31, 2010, Mi’kmaqg-Nova Scotia-Canada
Consultation Terms of Reference)

e Millbrook First Nation

e Sipekne’katik First Nation

Issues Raised by the Mi’kmaq of Nova Scotia During Consultation

The following issues were raised by KMKNO, the executive body that leads consultation efforts
on behalf of the Assembly of Nova Scotia Mi’kmaw Chiefs:

1. Impacts to the Piping Plover species
2. Impacts to submerged Mi’kmaw archaeological resources.

NSDFA Assessment

Impacts to the Piping Plover Species



In response to concerns related to potential adverse impacts on Piping Plover in the project area,
NSDFA provided the Mi’kmaq of Nova Scotia with the response received from Nova Scotia
Department of Natural Resources and Renewables, provided during the standard network review
process which did not anticipate any “undue negative effects on avifauna” resulting from the
proposed aquacultural activities. The NSDFA also requested additional information from the
Mi’kmaq of Nova Scotia to indicate how the proposed aquacultural activities set out in the
applications could negatively affect Piping Plover and asked the Mi’kmagq to indicate how those
negative effects could adversely impact the practice of Aboriginal and Treaty rights in the area of
the proposed aquacultural activities. No further information was received by the Mi’kmaq of Nova
Scotia. As such, the Department decided that this issue did not require further consultation or
accommodation.

Impacts to submerged Mi’kmaw Archaeological Resources

In response to concerns about adverse impacts to potential submerged Mi’kmaw archaeological
resources, NSDFA provided the Mi’kmaq of Nova Scotia with the response received from Nova
Scotia Communities, Culture, Tourism and Heritage / CCTH (Previously known as Communities,
Culture and Heritage / CCH) which was shared during the network review process. CCTH wrote:

“This is an area of elevated archaeological potential. Given this is a suspended culture set up, immediate
archaeology concerns are minimal. However, please communicate to the license operator, that if at any
time artifacts are encountered during operations, the Coordinator of Special Places, John Cormier should
be contacted immediately.”

The NSDFA requested that the Mi’kmaq of Nova Scotia further explain how the proposed
aquacultural activities, which will employ suspended culture methods only, could impact
Mi’kmaw Aboriginal and Treaty rights related to underwater archaeology in the area of the
proposed aquacultural activities. The Mi’kmaq of Nova Scotia did not provide an explanation for
how the specifically proposed suspended culture activities could impact rights related to
underwater archaeology in the project area. The Mi’kmaq of Nova Scotia did however recommend
a full Archaeological Resource Impact Assessment (ARIA) be undertaken.

Accommodation

The NSDFA decided to proceed with processing this application. In the absence of further
information from the Mi’kmaq of Nova Scotia on how the proposed suspended culture activities
associated with the applications could impact Mi’kmaw archaeological resources, the NSDFA has
decided to follow the advice of the provincial regulator, CCTH, in requesting that the applicant
contact the Coordinator of Special Places in the event any archaeological artifacts are encountered.
The NSDFA considers this is an appropriate mitigation measure given the minimal potential
impacts to underwater archaeology associated with suspended culture.

The 10 Chiefs and Councils of the Assembly of Nova Scotia Mi’kmaw Chiefs, KMKNO,
Membertou First Nation, Sipekne’katik First Nation and Millbrook First Nation have been
informed of this decision.
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From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela
(CFIA/ACIA) <angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela
<Angela.Birch@novascotia.ca>; Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-
Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>; Blackburn, Lori M
<Lori.Blackburn@novascotia.ca>; Boudreau, Louise O <Louise.Boudreau@novascotia.ca>; Gautreau,
Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis
<Lewis.Clancey@novascotia.ca>; Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew
S <Matthew.King@novascotia.ca>; Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Greggnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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mailto:Lewis.Clancey@novascotia.ca
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mailto:Bruce.Hancock@novascotia.ca

Spencer, Amanda L

To: Clancey, Lewis

Subject: RE: Antigonish Harbour Aquaculture applications no. 1442, 1443 and 1444

From: Doucette, Renelle <Renelle.Doucette@dfo-mpo.gc.ca>

Sent: November 3, 2020 1:27 PM

To: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>

Subject: Antigonish Harbour Aquaculture applications no. 1442, 1443 and 1444

** EXTERNAL EMAIL / COURRIEL EXTERNE **

Exercise caution when opening attachments or clicking on links / Faites preuve de prudence si vous
ouvrez une piece

jointe ou cliquez sur un lien

Good afternoon Morgan,

| am assessing the new oyster aquaculture operation in Antigonish Harbour and have a few questions:

O If l understand correctly, site AQ1442 will be used as storage. How will it be done? Will material be
stored on
the seafloor?

O In the application document, it states that the grow out sites (AQ1443, AQ1444) will be “floating
from April to
October otherwise sunk”. What does this mean exactly? That the BOBR units will be spending the
winter on the
seafloor?
If we issue a letter of advice, should we issue one letter for each site or put all three sites on the same
letter?
Thanks in advance,
Renelle Doucette
Biologist | Biologiste
Fish and Fish Habitat Protection Program | Programme de la protection du poisson et de son habitat
Fisheries and Oceans Canada | Péches et Océans Canada
343 ave. Université Avenue, Moncton NB E1C 5K4
Telephone | Téléphone 506. 851. 6914
renelle.doucette@dfo-mpo.gc.ca


mailto:Renelle.Doucette@dfo-mpo.gc.ca
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From: Clancey, Lewis

To: Renelle.Doucette@dfo-mpo.gc.ca

Cc: Greenwood, Megan N

Subject: Re: Antigonish Harbour Aquaculture applications no. 1442, 1443 and 1444
Date: November 3, 2020 3:30:29 PM

Hi Renelle,

I’'m responding to your questions to Megan Greenwood regarding the Antigonish leases 1442,1443,
and 1444,

If | understand correctly, site AQ1442 will be used as storage. How will it be done? Will
material be stored on the seafloor?

The applicant has indicated that AQ1442 will only be used to store oysters. Seed

sized oysters and Market oysters will be submerged on the bottom and held in BOBR
cages. During winter little, or no, growth will occur as oysters become dormant and

do not feed during the winter months, during other times of the year the lease will
provide a “warehousing” site for oysters harvested from the other grow-out leases

as the await transfer to vehicles to move to a depuration site. The rationale for

having a storage site is the ease of access during, and in preparation for, winter

months. The close proximity provides a level of security in keeping an eye on the

lease and provides easy access to marketable oysters from shore during harvest

times. The lease is deep enough that seed and market oysters can be placed on

bottom to protect them from ice damage. The applicant has indicated that no

floating equipment will be onsite.

In the application document, it states that the grow out sites (AQ1443, AQ1444) will be
“floating from April to October otherwise sunk”. What does this mean exactly? That the
BOBR units will be spending the winter on the seafloor?

Yes, you are correct. Oysters stop feeding and growing once the seawater

temperature falls below 5 degrees Celsius. In order to avoid damage from shifting

ice it is standard practice for oyster farms that utilize floating cages/bags, or BOBR’s,

to submerge them. The culture equipment is usually placed directly on bottom,

however some farms suspend the cages/bags at the mid water column level as a
predator control method.

If we issue a letter of advice, should we issue one letter for each site or put all three sites
on the same letter?

Please issue one letter for each site.

Please feel free to contact me at anytime if you have further questions, or if | can be of assistance
for this, or any lease application.

Thanks you,

Lew

Lewis Clancey

Aguaculture Development Advisor

NS Dept. of Fisheries and Aquaculture

1800 Argyle St.

WTCC 6th Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839

lewis.clancey@novascotia.ca
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From: Dwyer, Alan
To: Greenwood, Megan N
Cc: Doucette, Renelle
Subject: Town Point Inc.
Date: November 23, 2020 12:37:03 PM

** EXTERNAL EMAIL / COURRIEL EXTERNE **

Exercise caution when opening attachments or clicking on links / Faites preuve de prudence si
vous ouvrez une piece jointe ou cliquez sur un lien

Hello Megan,

Our Fisheries Protection Program have a couple of questions regarding the Town Point
Consulting Inc. oyster lease applications in Antigonish Harbour. Hoping you could help us
with the questions below?

Thanks,

Alan

e Has the proponent considered overwintering by lowering the cages approx. one foot from
the seafloor instead of directly on the seafloor? Is this a possibility?

e Are the boundaries indicated in the Application dated September 4, 2020 final? i.e. they
haven’t changed since then?

Alan Dwyer

Area Manager, Resource Management, Gulf Nova Scotia / Chef intérimaire de la gestion des ressources,
Secteur du Golfe Nouvelle-Ecosse
Fisheries and Oceans / Péches et Océans

Gulf Nova Scotia / Nouvelle Ecosse — Golfe
2920, Highway 104 / 2920 route 104

Antigonish County, NS / Comté d’Antigonish (N.-E) B2G 2K6
Telephone / Téléphone: (902) 735-7114

Fax / Télécopieur: (902) 863-5818

E-mail / Courriel:Alan.Dwyer@dfo-mpo.gc.ca
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On Tue, Nov 24, 2020 at 2:11 PM Clancey, Lewis <Lewis.Clancey@novascotia.ca> wrote:

Hi Ernie,

DFO has asked for further information regarding the anchorage for overwintering lines, from the
previous email questions.

The specifically ask to be supplied with information pertaining to, the total footprint of the blocks and
anchors for each of the three sites for the Antigonish Harbour new aquaculture sites 1442, 1443, 1444

Could you provide a response for this information request?

Thanks,

Lew

Lewis Clancey

Aquaculture Development Advisor
NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6 Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839
lewis.clancey@novascotia.ca
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To: Greenwood, Megan N
Subject: FW: Footprint - blocks and anchors
Date: November 24, 2020 2:13:09 PM

An info request for 1442, 1443, 1444 is below.

From: Doucette, Renelle <Renelle.Doucette@dfo-mpo.gc.ca>
Sent: November 24, 2020 9:30 AM

To: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Subject: Footprint - blocks and anchors

** EXTERNAL EMAIL / COURRIEL EXTERNE **

Exercise caution when opening attachments or clicking on links / Faites preuve de prudence si
vous ouvrez une piece jointe ou cliquez sur un lien

Good morning Lew,

Could I have the total footprint of the blocks and anchors for each of the three sites
for the Antigonish Harbour new aquaculture sites 1442, 1443, 14447

Thanks in advance,
Renelle Doucette
Biologist | Biologiste

Fish and Fish Habitat Protection Program | Programme de la protection du poisson et de son habitat

Fisheries and Oceans Canada | Péches et Océans Canada

343 ave. Université Avenue, Moncton NB E1C 5K4
Telephone | Téléphone 506. 851. 6914
renelle.doucette@dfo-mpo.gc.ca
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To: Doucette, Renelle

Cc: Greenwood, Megan N

Subject: RE: Footprint - blocks and anchors

Date: November 25, 2020 8:10:52 AM
Hi Renelle,

Below is the answer that the applicant has provided for your question regarding blocks and
anchors for AQ #s 1442, 1443 and 1444.
Lew

“Hi Lew

The following outlines our intended procedure for sinking growth units. | trust this
explanation provides the requested information.

Our growth units are cylindrical cages 14"x42" which float at the surface by means of
torpedo floats contained within the cage. The number of floats can be adjusted to suit the
desired outcome such as more floats for high stocking density or heavier, more mature
stock, fewer floats for seed and to achieve near neutral buoyancy when sinking.

In late fall, we plan to adjust floatation to enable easy sinking. Small concrete weights will be
added to the static lines every few meters, the spacing depends on water depth.

We expect a spacing of about 3m and a weight size of about 12 square inches (concrete filled
yogurt container or ice cream container). So, where water depth permits sinking only one of
the static lines instead of both with a weight spacing of 3m, line length of 100m and weight
area of 12 si would result in a bottom coverage of about 3sf per run. If both static lines
required weights the bottom coverage would then be about 6 sf per run.

Our site #1 (AQ#1442) , next to our nursery is intended for seed storage and over winter
storage of marketable stock. It is not intended to be a grow out area, so we expect only
about 30 runs to be sunk here which would result in bottom coverage of about 83sf or
8sm if single line sinking works or 16sm if both lines must be weighted.

Our site #2 (AQ#1443), Captains Island is planned to have 141 runs which would result in
bottom coverage of 423 sf or 39sm if single line sinking works or 78sm if both lines must be
weighted.

Our site #3, (AQ#1444) Gooseberry Island is planned to have 90 runs which would result in
bottom coverage of 250 sf or 23sm if single line sinking works or 46 sm if both lines must be
weighted.


mailto:Lewis.Clancey@novascotia.ca
mailto:Renelle.Doucette@dfo-mpo.gc.ca
mailto:Megan.Greenwood@novascotia.ca

If the equivalent oyster stock was grown in 6 bag Oyster Gro cages instead of our BOBR
cages the over winter bottom coverage would be about 50 sf per run vs 3 sf assuming all
Oyster Gro cages were positioned floats down. Our system reduces bottom impact by a
factor of 16...one of its many benefits.

Please call me if you wish to discuss this issue further. DFO Biologist, Dr. Barrell examined
our growth units when he visited our proposed lease areas, he may be able add to the
consideration of its reduced impact relative to prevailing growth units.

Best regards,
Ernie”



From: Dwyer, Alan

To: Clancey, Lewis; Doucette, Renelle

Cc: Greenwood, Megan N

Subject: RE: DFO Fisheries Protection Program questions regarding your lease applications, Antigonish.
Date: November 23, 2020 2:30:50 PM

Thanks Lew and Megan,

| assume that the boundaries never changed either ?

Alan
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From: Clancey, Lewis

To: Dwyer, Alan; Doucette, Renelle

Cc: Greenwood, Megan N

Subject: RE: DFO Fisheries Protection Program questions regarding your lease applications, Antigonish.
Date: November 23, 2020 2:33:02 PM

Attachments: Schedule A 1444.pdf

Schedule A 1443.pdf
Schedule A 1442.pdf

Hi Alan and Renelle,

I’'ve attached the records we have on file for the leases. | believe these are up to

date. Lew

SCHEDULE A

H

Aquaculture Site

1442

Corner  Lalitude Longitude
1 457 40' 12.360" -61° 53' 34.800"
2 45°40' 16.680" -61° 53' 30.840"
3 45° 40" 21.104" -61° 53' 38.808"
4 457400 20.280" 61° 53 43.080"
Centre 45° 40' 17.456" -61° 53' 36.442"

DATUM NAD £3 CSRS UTH Zone 20
Tha above coordinates are net from alogal survay

License/Lease Holder County Waterbody Hectares Species Type Culture Type Chart
Town Point Consulting Inc. Antigonish Antigonish Harbour 3.2 Shellfish Suspended Culture 4446
5 £ Disclaimer
[ Proposed Application [l Other Proposed Lease 0 05 1 2 B0 | e musetuin e oo
o — s S— o legal It is intended fo |
I:E Other Issued Lease Kilometers L "“'ﬁimé’u’!fﬂnﬁ, e
Dve 2020 040 Grentes sy ok

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GERCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esti Japan, METL, Esri
China (1ong Kong), (¢) OpenStreetMap cantributors, and Lhe GIS User Community, Serviee Nova Scolia and Internal Services



mailto:Lewis.Clancey@novascotia.ca
mailto:Alan.Dwyer@dfo-mpo.gc.ca
mailto:Renelle.Doucette@dfo-mpo.gc.ca
mailto:Megan.Greenwood@novascotia.ca

SCHEDULE A

H

Aquaculture Site
1442
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1 45° 40' 12.360" -61° 53' 34.800"
2 45° 40' 16.680" -61° 53' 30.840"
3 45°40°21.104" -61° 53' 38.809"
4 457 40' 20.280" -617 53' 43.080"
Centre 45° 40' 17.458" -61° 53' 36.442"
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China (Iong Kong), (¢) OpenSireetMap contribulors, and (he GIS User Communily, Service Nova Scolia and Internal Services



From: Doucette, Renelle <Renelle.Doucette @ dfo-mpo.gc.ca>
Sent: November 25, 2020 10:17 AM

To: St.Louis, Danielle <Danielle.StLouis@novascotia.ca>
Subject: baseline monitoirng videos - Antigonish

** EXTERNAL EMAIL / COURRIEL EXTERNE **
Exercise caution when opening attachments or clicking on links / Faites preuve de prudence
si vous ouvrez une pi€ce jointe ou cliquez sur un lien

Hi Danielle,

Do you know if the applicant has conducted a baseline monitoring video at a reference station
100m to 300m outside of each proposed lease site (#1442, 1443 and 1444)?

Or only within the sites?

Thanks,
Renelle Doucette
Biologist | Biologiste

Fish and Fish Habitat Protection Program | Programme de la protection du poisson et de son
habitat Fisheries and Oceans Canada | Péches et Océans Canada

343 ave. Université Avenue, Moncton NB E1C

5K4 Telephone | Téléphone 506. 851. 6914

renelle.doucette @dfo-mpo.gc.ca
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From: St.Louis, Danielle <Danielle.StLouis@novascotia.ca>

Sent: Wednesday, November 25, 2020 10:31 AM

To: Doucette, Renelle <Renelle.Doucette @dfo-mpo.gc.ca>

Cc: Clancey, Lewis <Lewis.Clancey@novascotia.ca>; Greenwood, Megan N
<Megan.Greenwood@novascotia.ca>

Subject: RE: baseline monitoirng videos - Antigonish Hi

Renelle,

At the time, our baseline requirements for shellfish were not finalized, and therefore, a reference
station was not required. If needed, we could request more baseline video to be completed.

Thanks,

Danielle


mailto:Danielle.StLouis@novascotia.ca
mailto:Renelle.Doucette@dfo-mpo.gc.ca
mailto:Lewis.Clancey@novascotia.ca
mailto:Megan.Greenwood@novascotia.ca

From: Doucette, Renelle

To: St.Louis, Danielle

Cc: Clancey, Lewis; Greenwood, Megan N
Subject: RE: baseline monitoirng videos - Antigonish
Date: November 25, 2020 11:12:10 AM

Ok, I understand. | was only curious. Thanks

for the quick reply,
Renelle
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From: Dwyer, Alan <Alan.Dwyer@dfo-mpo.gc.ca>
Sent: December 3, 2020 2:31 PM
To: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>; Clancey, Lewis
<Lewis.Clancey@novascotia.ca>
Cc: Mills, Chris D <Chris.Mills@dfo-mpo.gc.ca>
Subject: TPCI Applications

** EXTERNAL EMAIL / COURRIEL EXTERNE **

Exercise caution when opening attachments or clicking on links / Faites preuve de prudence si
vous ouvrez une piece jointe ou cliquez sur un lien

Hello Megan and Lew,

We are still finalizing our comments and need a few more days to run them through the
approval process. We are requesting an extension to provide our comments from Dec 7 to Dec
11.

We apologize for the delay and hope this request doesn’t cause significant problems.
Regards,

Alan

Alan Dwyer

Area Manager, Resource Management, Gulf Nova Scotia / Chef intérimaire de la gestion des ressources,
Secteur du Golfe Nouvelle-Ecosse

Fisheries and Oceans / Péches et Océans
Gulf Nova Scotia / Nouvelle Ecosse — Golfe
2920, Highway 104 / 2920 route 104

Antigonish County, NS / Comté d’Antigonish (N.-E) B2G 2K6
Telephone / Téléphone: (902) 735-7114
Fax / Télécopieur: (902) 863-5818

E-mail / Courriel: Alan.Dwyer@dfo-mpo.gc.ca
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From: Ceschiutti, Robert

To: Dwyer, Alan

Cc: Greenwood, Megan N; Clancey, Lewis; Chris Mills
Subject: FW: TPCI Applications

Date: December 3, 2020 3:04:26 PM

Hi Alan, thanks for the advance notice. Yes, we can extend the due date to December 11, 2020.

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture 1575
Lake Road

Shelburne, Nova Scotia BOT

1Wo0

Phone: 902-875-7430

Cell: 902-874-0996
Robert.Ceschiutti@novascotia.ca

From: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Sent: December 3, 2020 2:35 PM

To: Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>
Subject: FW: TPCI Applications
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Network Agency Review of an Aquaculture Application

Agency Fisheries and Oceans Canada
Division (if applicable)

Date December 10, 2020

File No. AQ# 1442

Type of application New Marine Shellfish
Information Provided Accompanying document

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (accompanying document)
Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

oo xdod

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

Fisheries and Oceans Canada have reviewed application AQ # 1442 in regard to potential
conflicts with recreational, commercial, and communal commercial fishery activities.

There will be some conflict with recreational fishers who use boats to fish for striped bass and
trout in Antigonish Harbour.

There are four oyster relay licences issued for Antigonish Harbour. Each licence holder has an
additional harvester approved to fish under their respective licence for a total of eight in
Antigonish Harbour. These licence holders may be displaced from their regular fishing areas
and should be consulted.

There are other fishery species in the harbour including eel, smelt, gaspereau, and lobster
where the amount of fishing activity fluctuates due to stock abundance and price. Thereis a
potential for fisher displacement and gear conflicts on the fishing grounds.




The application has also been reviewed for potential impacts on fish and fish habitat including
species listed under the Species at Risk Act.

Please be aware that the Aquaculture Activity Regulations (AAR) under the Fisheries Act, apply
to the operation of a licenced aquaculture lease and constitute the authorization and set the
conditions for compliance with Sections 35 and 36 of the Fisheries Act.

Considering the scope of the AAR’s and the activities authorized under them, please find,
accompanying this form, a document that describes a number of recommendations for the

aquaculturist to follow to mitigate risks associated with potential effects to fish and fish
habitat.

If you have any questions please contact me at 902-735-7114 or Alan.Dwyer@dfo-mpo.gc.ca .

Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the
collected network review information to the applicant and other government bodies,
including, if applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative
hearing relating to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the
departmental website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection
of Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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Fish and Fish Habitat Protection Program
343 Université Avenue

P.O. Box 5030
Moncton, New Brunswick E1C
9B6

December 10, 2020

Your file

AQ#1442

Our file

20-HGLF-00438

Alan Dwyer

Area Manager, Resource Management, Gulf Nova Scotia
Fisheries and Oceans Canada, Gulf Nova Scotia

2920, Highway 104

Antigonish County, NS B2G

2K6

Subject: Antigonish Harbour — Antigonish County — New Marine Aquaculture of American
Oyster — Implementation of Measures to Avoid and Mitigate the Potential for
Prohibited Effects to Fish and Fish Habitat

Dear Mr. Dwyer:

The Fish and Fish Habitat Protection Program (the Program) of Fisheries and Oceans
Canada (DFO) received the proposal on October 13, 2020. We understand that the
proponent (Ernie Porter, Town Point Consulting Inc.) proposes to:

e Install, operate and maintain a new aquaculture storage facility in Graham’s Cove,
Antigonish Harbour (45.672072N, 61.893878W);

e Store oyster seeds and marketable grade oysters in vexar mesh bags inside suspended
cylindrical growth units measuring 36 cm diameter by 106 cm in length;

e Use helical anchors to secure the lines and buoys;

In addition, the following aquatic species are subject to the Aquatic Invasive Species Regulations

and may be found in the vicinity of your proposed work, undertaking, or activity:

e Green crab (Carcinus maenas)

e Vase tunicate (Ciona intestinalis)

e Golden star tunicate (Botryllus schlosseri)
e Violet tunicate (Botrylloides violaceus)

Our review considered the following information:

e The commercial aquaculture licence/lease application documents for the suspended
cultivation of American oyster in Grahams Cove, Antigonish County received on



October 13, 2020;

The Nova Scotia Fisheries and Aquaculture Memorandum to Aquaculture Network
Agencies dated October 7, 2020, and received by the Program on October 13, 2020;
The Science Advisory Report - Pathway of Effects for Finfish and Shellfish(CSAS)
2009/071;

The Replacement Class Screening Report for Water Column Oyster Aquaculture in New
Brunswick. Report of the Canadian Environmental Assessment Agency. Moncton, N.B.
2007;

The Environmental Management Framework (EMP) and Standard Operation Procedures
(SOP’s) documents prepared June 2020;

Baseline monitoring videos received from the Nova Scotia Department of Fisheries and
Aqguaculture on November 18, 2020;

Additional information received by multiple emails, team chats and messages and
telephone conversations between November 3 and December 3, 2020.

The proposal has been reviewed to determine whether it is likely to result in:

The death of fish by means other than fishing and the harmful alteration, disruption or
destruction of fish habitat which are prohibited under subsections 34.4(1) and 35(1) of the
Fisheries Act; and

Effects to listed aquatic species at risk, any part of their critical habitat or the residences of
their individuals in a manner which is prohibited under sections 32, 33 and subsection 58(1)
of the Species at Risk Act; and

The importation, possession, transportation or release of aquatic invasive species set out in
Part 2 of the schedule of the Aquatic Invasive Species Regulations which are prohibited under
sections 6, 7, 8 and 9 of the Regulations; and

The introduction of aquatic species into regions or bodies of water frequented by fish

where they are not indigenous, which is prohibited under section 10 of the Aquatic
Invasive Species Regulations.

The aforementioned outcomes are prohibited unless authorized under their respective
legislation and regulations.

To avoid and mitigate the potential for prohibited effects to fish and fish habitat (as listed
above), we recommend implementing the measures listed below:

Place lines and configure units in such a way that long lines run parallel to tidal currents and
prevailing winds to avoid overlap with the same area of macrophytes (e.g. eelgrass)
overtime;

Space rows of water column aquaculture work at a minimum of 3 m apart and not to
exceed 50% of coverage of the surface area of the lease;

Locate off-bottom aquaculture structures in areas with minimal eelgrass cover;

Respect environmental and social standards as demonstrated by the Best Aquaculture
Practises Certification Standards, Guidelines for growing sites in Nova Scotia.

Minimize sedimentation of the waterbody during all phases of the installation, operation
and maintenance of the aquaculture facility:

o Regularly monitor the watercourse for signs of sedimentation during all phases of the
work, undertaking or activity and take corrective action if required;

o Maintain and clean the structures through air drying or other environmentally
friendly methods;



Minimize physical disturbance to the site during installation, harvesting and
maintenance;

Install and remove structures on calm days to minimize the suspension of fine
sediment particles into the water column and to preferably install anchors in the
winter when effects of turbidity on other organisms would be minimal.

Install anchors in the winter when eelgrass is dormant;

Minimize disturbance to eelgrass by sizing anchors appropriately or by installing them
permanently, to prevent dragging under tension or adverse weather conditions;
Design and install structures to maximize openings to increase light penetration;
Develop and implement a response plan to avoid a spill of a deleterious substance:

o

Stop works, undertakings and activities in the advent of a spill of a deleterious
substance;

Report any spills of oil, fuel or other deleterious material, whether near or directly
into a waterbody;

Keep an emergency spill kit on site during the work, undertaking or activity;

Ensure clean-up measures are suitably applied to as not to result in further alteration
of the watercourse;

Clean-up and appropriately dispose of water contaminated with deleterious
substances;

Maintain all machinery on site in a clean condition and free of fluid leaks and aquatic
invasive species;

Wash, refuel and service machinery and store fuel and other materials for the
machinery in such a way as to prevent any deleterious substances from entering the
water;

Refuel motors with care to prevent drips or spills. Refuelling should take place at a
location where spill clean-up equipment is readily available;

Fuel equipment off the ice, in areas with impermeable surfaces, if conducting winter
harvesting activities on the ice;

Use an impermeable surface (i.e. tarp or absorbent pad) if equipment must be fuelled
on the ice during an emergency to assist in containing spills;

Use anchors that are made of clean, non-toxic material and precast and pre-cured
away from the water to avoid seepage of potentially toxic substances into the
waterbody;

Dispose operational waste (e.g. low grade oysters, non-biodegradable growing
materials, shells and fouling organisms) in accordance with Provincial Regulations
and/or local by-laws.

Replace or clean buoys, backlines, scope lines and cages regularly to avoid and minimize
the build-up of bio-fouling organisms on underwater infrastructure, as well as
accumulation of material onto the bottom substrate;

De-clump and clean shellfish in the water from where they were collected and
transport them in a minimal amount of water. Spray down of equipment is
recommended to minimize the movement of epifauna;

Clean equipment and boats that are transferred from one marine waterbody to another
of any sediments, plants or animals by washing with freshwater and/or spraying with
undiluted vinegar or treated with hypersaline waters, prior to being mobilized to the
project site.

Identify aquatic invasive species of concerns and report any sightings to DFO’s National
Aquatic Invasive Species Core Program

Carry out a post monitoring survey (1, 3 and 5 years), including photos, video and
characterization of the eelgrass vegetation within the aquaculture lease boundary and at a
reference site (outside of the lease boundary). The post monitoring survey would be part of
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Fish and Fish Habitat Protection Program
343 Université Avenue

P.O. Box 5030
Moncton, New Brunswick
E1C 9B6
Your file
December 10, 2020 AQ#1442
Our file
20-HGLF-00438
Alan Dwyer

Area Manager, Resource Management, Gulf Nova Scotia
Fisheries and Oceans Canada, Gulf Nova Scotia

2920, Highway 104

Antigonish County, NS

B2G 2K6

Subject:  Antigonish Harbour — Antigonish County — New Marine Aquaculture of
American Oyster — Implementation of Measures to Avoid and Mitigate the
Potential for Prohibited Effects to Fish and Fish Habitat

Dear Mr. Dwyer:

The Fish and Fish Habitat Protection Program (the Program) of Fisheries and Oceans Canada
(DFO) received the proposal on October 13, 2020. We understand that the proponent (Ernie
Porter, Town Point Consulting Inc.) proposes to:

e Install, operate and maintain a new aquaculture storage facility in Graham’s Cove,
Antigonish Harbour (45.672072N, 61.893878W);

e Store oyster seeds and marketable grade oysters in vexar mesh bags inside suspended
cylindrical growth units measuring 36 cm diameter by 106 cm in length;

e Use helical anchors to secure the lines and buoys;

In addition, the following aquatic species are subject to the Aquatic Invasive Species Regulations
and may be found in the vicinity of your proposed work, undertaking, or activity:

e Green crab (Carcinus maenas)

e Vase tunicate (Ciona intestinalis)

e Golden star tunicate (Botryllus schlosseri)

e Violet tunicate (Botrylloides violaceus)



Our review considered the following information:

The commercial aquaculture licence/lease application documents for the suspended
cultivation of American oyster in Grahams Cove, Antigonish County received on
October 13, 2020;

The Nova Scotia Fisheries and Aquaculture Memorandum to Aquaculture Network
Agencies dated October 7, 2020, and received by the Program on October 13, 2020;

The Science Advisory Report - Pathway of Effects for Finfish and Shellfish(CSAS)
2009/071,

The Replacement Class Screening Report for Water Column Oyster Aquaculture in New
Brunswick. Report of the Canadian Environmental Assessment Agency. Moncton, N.B.
2007,

The Environmental Management Framework (EMP) and Standard Operation Procedures
(SOP’s) documents prepared June 2020;

Baseline monitoring videos received from the Nova Scotia Department of Fisheries and
Aquaculture on November 18, 2020;

Additional information received by multiple emails, team chats and messages and
telephone conversations between November 3 and December 3, 2020.

The proposal has been reviewed to determine whether it is likely to result in:

The death of fish by means other than fishing and the harmful alteration, disruption or
destruction of fish habitat which are prohibited under subsections 34.4(1) and 35(1) of the
Fisheries Act; and

Effects to listed aquatic species at risk, any part of their critical habitat or the residences
of their individuals in a manner which is prohibited under sections 32, 33 and subsection
58(1) of the Species at Risk Act; and

The importation, possession, transportation or release of aquatic invasive species set out
in Part 2 of the schedule of the Aquatic Invasive Species Regulations which are prohibited
under sections 6, 7, 8 and 9 of the Regulations; and

The introduction of aquatic species into regions or bodies of water frequented by fish
where they are not indigenous, which is prohibited under section 10 of the Aquatic
Invasive Species Regulations.

The aforementioned outcomes are prohibited unless authorized under their respective legislation
and regulations.

To avoid and mitigate the potential for prohibited effects to fish and fish habitat (as listed above),
we recommend implementing the measures listed below:

Place lines and configure units in such a way that long lines run parallel to tidal currents
and prevailing winds to avoid overlap with the same area of macrophytes (e.g. eelgrass)
overtime;

Space rows of water column aquaculture work at a minimum of 3 m apart and not to
exceed 50% of coverage of the surface area of the lease;

Locate off-bottom aquaculture structures in areas with minimal eelgrass cover;

Respect environmental and social standards as demonstrated by the Best Aquaculture
Practises Certification Standards, Guidelines for growing sites in Nova Scotia.
Minimize sedimentation of the waterbody during all phases of the installation, operation
and maintenance of the aquaculture facility:
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Regularly monitor the watercourse for signs of sedimentation during all phases of the
work, undertaking or activity and take corrective action if required;

Maintain and clean the structures through air drying or other environmentally
friendly methods;

Minimize physical disturbance to the site during installation, harvesting and
maintenance;

Install and remove structures on calm days to minimize the suspension of fine
sediment particles into the water column and to preferably install anchors in the
winter when effects of turbidity on other organisms would be minimal.

Install anchors in the winter when eelgrass is dormant;

Minimize disturbance to eelgrass by sizing anchors appropriately or by installing them
permanently, to prevent dragging under tension or adverse weather conditions;

Design and install structures to maximize openings to increase light penetration;
Develop and implement a response plan to avoid a spill of a deleterious substance:

@)

Stop works, undertakings and activities in the advent of a spill of a deleterious
substance;

Report any spills of oil, fuel or other deleterious material, whether near or directly
into a waterbody;

Keep an emergency spill kit on site during the work, undertaking or activity;

Ensure clean-up measures are suitably applied to as not to result in further alteration
of the watercourse;

Clean-up and appropriately dispose of water contaminated with deleterious
substances;

Maintain all machinery on site in a clean condition and free of fluid leaks and aquatic
invasive species;

Wash, refuel and service machinery and store fuel and other materials for the
machinery in such a way as to prevent any deleterious substances from entering the
water;

Refuel motors with care to prevent drips or spills. Refuelling should take place at a
location where spill clean-up equipment is readily available;

Fuel equipment off the ice, in areas with impermeable surfaces, if conducting winter
harvesting activities on the ice;

Use an impermeable surface (i.e. tarp or absorbent pad) if equipment must be fuelled
on the ice during an emergency to assist in containing spills;

Use anchors that are made of clean, non-toxic material and precast and pre-cured
away from the water to avoid seepage of potentially toxic substances into the
waterbody;

Dispose operational waste (e.g. low grade oysters, non-biodegradable growing
materials, shells and fouling organisms) in accordance with Provincial Regulations
and/or local by-laws.

Replace or clean buoys, backlines, scope lines and cages regularly to avoid and
minimize the build-up of bio-fouling organisms on underwater infrastructure, as well
as accumulation of material onto the bottom substrate;

De-clump and clean shellfish in the water from where they were collected and
transport them in a minimal amount of water. Spray down of equipment is
recommended to minimize the movement of epifauna;

Clean equipment and boats that are transferred from one marine waterbody to another
of any sediments, plants or animals by washing with freshwater and/or spraying with
undiluted vinegar or treated with hypersaline waters, prior to being mobilized to the
project site.



o Identify aquatic invasive species of concerns and report any sightings to DFO’s National
Aguatic Invasive Species Core Program

e Carry out a post monitoring survey (1, 3 and 5 years), including photos, video and
characterization of the eelgrass vegetation within the aquaculture lease boundary and at a
reference site (outside of the lease boundary). The post monitoring survey would be part
of the Environmental Monitoring Program as per requirement by the Nova Scotia
Department of Fisheries and Aquaculture.

Provided that these measures are incorporated into the plans, the Program is of the view that the
proposal is not likely to result in the contravention of the above-mentioned prohibitions and
requirements.

Should plans change or if the proponent has omitted some information in the proposal, further
review by the Program may be required. Consult our website (http://www.dfo-mpo.gc.ca/pnw-
ppe/index-eng.html) or consult with a qualified environmental consultant to determine if further
review may be necessary. It remains the proponent’s responsibility to remain in compliance with
the Fisheries Act, the Species at Risk Act and the Aquatic Invasive Species Regulations.

It is also the proponent’s Duty to Notify DFO if they have caused, or are about to cause, the death
of fish by means other than fishing and/or the harmful alteration, disruption or destruction of fish
habitat. Such notifications should be directed to (http://www.dfo-mpo.gc.ca/pnw-ppe/contact-

eng.html).

It remains the proponent’s responsibility to meet all other federal, territorial, provincial and
municipal requirements that apply to the proposal.

Please note that the advice provided in this letter will remain valid for a period of 1 year from the
date of issuance. If the proponent plans to execute the proposal after the expiry of this letter, we
recommend that he contact the Program to ensure that the advice remains up-to-date and accurate.
Furthermore, the validity of the advice is also subject to there being no change in the relevant
aquatic environment, including any legal protection orders or designations, during the 1-year
period.

If you have any questions with the content of this letter, please contact Renelle Doucette at our
Moncton office at (506) 533-6523 or by email at renelle.doucette@dfo-mpo.gc.ca. Please refer to
the file number referenced above when corresponding with the Program.

Yours sincerely,

Gilles Paulin
Senior Biologist, Regulatory Reviews
Fish and Fish Habitat Protection Program

cc. Chris D Mills (DFO-Aquaculture Division)


http://www.dfo-mpo.gc.ca/pnw-ppe/index-eng.html
http://www.dfo-mpo.gc.ca/pnw-ppe/index-eng.html
http://www.dfo-mpo.gc.ca/pnw-ppe/contact-eng.html
http://www.dfo-mpo.gc.ca/pnw-ppe/contact-eng.html

March 3, 2021

NS Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO0

Attention; Nathaniel Fiendel, Lewis Clancey

Re: AQ1442,1443,1444

Please see below our reply to the Network Agency Review received from Fisheries and Oceans Canada.
Fisheries and Oceans Canada

1) Proposed lease areas are not within “Graham’s Cove”, please wording change to “Antigonish
Harbour”.

2) Installation of anchors in winter will be very difficult because the sites do not freeze to safe ice
thickness. Can we have a waiver on this requirement to permit anchor installation during safe conditions
— spring, summer or fall?

3) De-fouling is planned to be done by dipping in heated seawater. Is it permissible to discharge the
fouled, heated water into the watercourse? Are there protocols for this discharge such as tempering
prior to discharge?

4) Captain’s Pond and Antigonish Harbour are connected to one another and the pond is not tidal to any
other bodies of water. Are they considered to be the same body of water?

Regarding the Comments, concerns....section we have the following responses;

1) Our observation over many years indicate recreational fishers do not use the areas we have selected.
They fish within the channel or further south than the selected areas. We can provide witnesses, who
are among this group of users, to this fact if need be.

2) The four oyster relay fishers have met with us and we have agreed in writing to the areas we have
proposed. They each have signed this agreement and we are told they will not be opposing our
application.

3) The other fisheries in the harbour including eel, smelt, gaspereau all occur much further south in the
harbour and are not in conflict with the proposed lease sites. Lobster is not fished within the harbour.
Only silvers sides are fished near the lease areas and this fisher, Archie MacKenzie and his son,
Christopher, both support our application and have said so in writing.

4) The email regarding lobster fishers concerns with navigation (attached) was not included with the
response form. This is the first we have heard of any such concern even though we wrote to each of
these fishers including a map of the proposed sites ...we received no response. We had brief discussions
with some of the fishers, no concerns were raised.



5) We have reviewed the document dated Dec 10, 2020 accompanying this response and commit to
following the recommended mitigation measures associated with potential effects to fish and fish
habitat.

As discussed, we would welcome a meeting with DFO to discuss the concerns they have expressed and
to explore ways to mitigate these concerns.
Best regards,

Ernie Porter, P.Eng., President

Town Point Consulting Inc.



From: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Sent: Thursday, March 25, 2021 3:53 PM

To: Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>

Cc: Dwyer, Alan <Alan.Dwyer@dfo-mpo.gc.ca>; Doucette, Renelle <Renelle.Doucette @dfo-mpo.gc.ca>;
Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>

Subject: Reply to DFO Comments from Town Point Oysters

Hi Leanna,

As per our phone discussion earlier I've attached the reply to the DFO comments submitted to us by Town Point
Oysters to be distributed to those on the call and any other pertinent DFO personnel.

I've also cc’d the original reviews (Alan Dwyer and Gilles Paulin-via Renelle Doucette) as they provided the initial DFO
response.

Thanks,
Lew
Lewis Clancey

Aquaculture Development Advisor

NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6th Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839

lewis.clancey@novascotia.ca


mailto:Lewis.Clancey@novascotia.ca
mailto:Leanna.Braid@dfo-mpo.gc.ca
mailto:Alan.Dwyer@dfo-mpo.gc.ca
mailto:Renelle.Doucette@dfo-mpo.gc.ca
mailto:Nathaniel.Feindel@novascotia.ca

I * Fisheries and Oceans Péches et Océans
Canada Canada

Fisheries and Oceans Canada
Resource Management
2920 Highway 104
Antigonish County, NS

B2G 2K6

April 23, 2021

Attention; Nathaniel Fiendel, Lewis Clancey
Nova Scotia Department of Fisheries and Aquaculture

Please see DFO responses to Mr. Porter’s questions embedded in the attached document.
If you have any other questions, don’t hesitate to get in touch.
Thank you,

Leanna Braid

Resource Management Officer
Fisheries and Oceans Canada
Government of Canada

Gulf Nova Scotia

2920, Highway 104

Antigonish County, NS B2G 2K6
Leanna.braid@dfo-mpo.gc.ca
902-735-7130

Agent de gestion des ressources
Péches et Océans Canada
Gouvernement du Canada
Nouvelle Ecosse — Golfe

2920 route 104

Comté d’Antigonish (N.-E) B2G 2K6
Leanna.braid@dfo-mpo.gc.ca
902-735-7130



mailto:Leanna.braid@dfo-mpo.gc.ca
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March 6, 2021

NS Department of Fisheries and
Aquaculture 1575 Lake Road
Shelburne, NS

BOT 1WO0

Please see below our reply to the Network Agency Review received from Fisheries and Oceans Canada.

1) Proposed lease areas are not within “Graham’s Cove”, please wording change to “Antigonish
Harbour”.

DFO Reply:
A note has been placed on file that “Graham’s Cove” be removed as a location descriptor.

2) We recognize that on many farms in the Gulf Region installation of anchors in winter would be
preferred by the operator due to the ease of installation while working on ice. Unfortunately, the sites
we have chosen do not freeze to safe conditions so working from ice is not a option in our case. Given
that we will need to work from boats either in fall before the shoreline freezes or in spring after ice is
gone it would be helpful to know what dates we could expect to start anchor installation in fall and
end in spring.

DFO Reply:

The Fish and Fish Habitat Protection Program, has since moved to less prescriptive measures
in regards to the installation of aquaculture lease anchors and the protection of eelgrass.
Please consider the following related avoidance measures:

1) Locate off-bottom aquaculture structures in areas with minimal eelgrass or vegetation cover;

2) Minimize disturbance to eelgrass or vegetation by sizing anchors appropriately or by
installing them permanently, to prevent dragging under tension or adverse weather
conditions;

In summary, anchor installation can be undertaken year round as long the proponent considers
and implements measures to avoid or minimize disturbance to eelgrass or other vegetation.

3) De-fouling is planned to be done by dipping in heated seawater. Is it permissible to discharge the
fouled, heated water into the watercourse? Are there protocols for this discharge such as tempering
prior to discharge?



DFO Reply:

The Aguaculture Activities Requlations (AAR) provide authorization, under certain
conditions, to deposit biochemical oxygen demanding matter (e.g., fish food, feces,
biofouling material) related to aquaculture fish production. The AAR stipulate that the
owner or operator of the facility takes

reasonable measures to mitigate the risk of serious harm to fish outside the facility that are
part of a commercial, recreational or Aboriginal fishery.

The owner or operator is also required to submit an annual report to the Minister in
accordance with section 16 of the AAR.

4) Captain’s Pond and Antigonish Harbour are connected to one another and the pond is not tidal to any
other bodies of water. Are they considered to be the same body of water?

DFO Reply:

Captains Pond drains into Antigonish Harbour and is hence part of the greater Antigonish
Harbour watershed. However, they are considered separate bodies of water as their

water sources are different.

As per Section 55 and Section 56 of the Fishery General Regulations, a licence must be
required when transferring shellfish between leases/facilities. This is the case regardless of
whether or not bodies of water are considered to be the same or separate.

Regarding the Comments, concerns....section we have the following responses;

3) Our observation over many years indicate recreational fishers do not use the areas we have
selected. They fish within the channel or further south than the selected areas. We can provide
witnesses, who are among this group of users, to this fact if need be.

4) The four oyster relay fishers have met with us and we have agreed in writing to the areas we
have proposed. They each have signed this agreement and we are told they will not be opposing
our application.

5) The other fisheries in the harbour including eel, smelt, gaspereau all occur much further south in
the harbour and are not in conflict with the proposed lease sites. Lobster is not fished within the
harbour. Only silvers sides are fished near the lease areas and this fisher, Archie MacKenzie and his
son, Christopher, both support our application and have said so in writing.

6) We have reviewed the document dated Dec 10, 2020 accompanying this response and commit
to following the recommended mitigation measures associated with potential effects to fish and

fish habitat.

As discussed, we would welcome a meeting with DFO to discuss the concerns they have expressed
and to explore ways to mitigate these concerns.

Best regards,
Ernie Porter, P.Eng., President
Town Point Consulting Inc.


https://laws.justice.gc.ca/eng/regulations/SOR-2015-177/page-1.html#h-820176

From: Clancey, Lewis

Sent: April 29, 2021 11:37 AM

To: Ernie Porter <ernieporter77 @gmail.com>
Subject: DFO response and Eel Grass Study (Barrell)

Hi Ernie,

The two docs are attached. The first is DFO’s response to your questions, they’ve taken a somewhat
softer stance on some topics.

The second doc is Jeff Barrell’s Eel Grass survey in Antigonish Hbr., you may already have this information,
this is a final draft though.

Lewis Clancey

Aguaculture Development Advisor
NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6 Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839

lewis.clancey@novascotia.ca
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March 6, 2021

NS Department of Fisheries and
Aquaculture 1575 Lake Road
Shelburne, NS
BOT 1WO0
Attention; Nathaniel Fiendel, Lewis Clancey

Re: AQ1442,1443,1444
Please see below our reply to the Network Agency Review received from Fisheries and Oceans Canada.

1) Proposed lease areas are not within “Graham’s Cove”, please wording change to “Antigonish
Harbour”.

DFO Reply:
A note has been placed on file that “Graham’s Cove” be removed as a location descriptor.

2) We recognize that on many farms in the Gulf Region installation of anchors in winter would be
preferred by the operator due to the ease of installation while working on ice. Unfortunately, the sites
we have chosen do not freeze to safe conditions so working from ice is not a option in our case. Given
that we will need to work from boats either in fall before the shoreline freezes or in spring after ice is
gone it would be helpful to know what dates we could expect to start anchor installation in fall and
end in spring.

DFO Reply:

The Fish and Fish Habitat Protection Program, has since moved to less prescriptive measures
in regards to the installation of aquaculture lease anchors and the protection of eelgrass.
Please consider the following related avoidance measures:

3) Locate off-bottom aquaculture structures in areas with minimal eelgrass or vegetation cover;

4) Minimize disturbance to eelgrass or vegetation by sizing anchors appropriately or by
installing them permanently, to prevent dragging under tension or adverse weather
conditions;

In summary, anchor installation can be undertaken year round as long the proponent considers
and implements measures to avoid or minimize disturbance to eelgrass or other vegetation.

3) De-fouling is planned to be done by dipping in heated seawater. Is it permissible to discharge the
fouled, heated water into the watercourse? Are there protocols for this discharge such as tempering
prior to discharge?



DFO Reply:

The Aguaculture Activities Requlations (AAR) provide authorization, under certain
conditions, to deposit biochemical oxygen demanding matter (e.g., fish food, feces,
biofouling material) related to aquaculture fish production. The AAR stipulate that the
owner or operator of the facility takes

reasonable measures to mitigate the risk of serious harm to fish outside the facility that are
part of a commercial, recreational or Aboriginal fishery.

The owner or operator is also required to submit an annual report to the Minister in
accordance with section 16 of the AAR.

4) Captain’s Pond and Antigonish Harbour are connected to one another and the pond is not tidal to any
other bodies of water. Are they considered to be the same body of water?

DFO Reply:

Captains Pond drains into Antigonish Harbour and is hence part of the greater Antigonish
Harbour watershed. However, they are considered separate bodies of water as their

water sources are different.

As per Section 55 and Section 56 of the Fishery General Regulations, a licence must be
required when transferring shellfish between leases/facilities. This is the case regardless of
whether or not bodies of water are considered to be the same or separate.

Regarding the Comments, concerns....section we have the following responses;

7) Our observation over many years indicate recreational fishers do not use the areas we have selected.
They fish within the channel or further south than the selected areas. We can provide witnesses, who
are among this group of users, to this fact if need be.

8) The four oyster relay fishers have met with us and we have agreed in writing to the areas we
have proposed. They each have signed this agreement and we are told they will not be opposing
our application.

9) The other fisheries in the harbour including eel, smelt, gaspereau all occur much further south in
the harbour and are not in conflict with the proposed lease sites. Lobster is not fished within the
harbour. Only silvers sides are fished near the lease areas and this fisher, Archie MacKenzie and his
son, Christopher, both support our application and have said so in writing.

10)We have reviewed the document dated Dec 10, 2020 accompanying this response and commit
to following the recommended mitigation measures associated with potential effects to fish and

fish habitat.

As discussed, we would welcome a meeting with DFO to discuss the concerns they have expressed
and to explore ways to mitigate these concerns.

Best regards, Ernie Porter, P.Eng., President Town Point Consulting Inc.


https://laws.justice.gc.ca/eng/regulations/SOR-2015-177/page-1.html#h-820176

Antigonish — Preliminary Eelgrass Survey — Draft Report
Jeff Barrell
DFO-Gulf Region
9/24/2019

Preliminary eelgrass data were collected targeting prospective shellfish aquaculture

leases in Antigonish Harbour, NS, on 20 September 2019. Data were collected by Jeff Barrell
and Venitia Joseph, both with DFO Science in Gulf Region. The survey consisted of single-beam
sonar data collected at three potential lease areas within the bay. Additional imagery was
collected for ground-truthing (i.e. underwater videos) and aerial mapping (i.e. drone survey).

Survey methods:

The survey was relatively short due to the travel time from Moncton to Antigonish (~3
hours).

All work was conducted from a 17 ft Boston Whaler launched at the Antigonish Boat
Club.

Single-beam sonar (Biosonics Habitat-MX, 208 kHz, 8.6° beam angle):

o Differential GPS positioning was recorded for all sonar data.

o Sonar transects were planned to be separated by 50-100 meters, though this
varied in practice.

o Bathymetric and eelgrass data were produced through a combination of
automated and manual echogram classification using Biosonics Visual Habitat
software; further analyses conducted with ArcGIS v10.7.

o Eelgrass data are represented either as raw presence/absence on a ping-by-ping
basis, or as summary reports averaging 10 pings. In the latter instance, eelgrass
is quantified as percent cover, calculated by:

(number of vegetated pings) / (total number of pings per report) x 100

o Eelgrass canopy height detection threshold was set at 15 cm, meaning that shoot
height must exceed the stated threshold to be identified as a vegetated ping.

Drone imagery was collected using a DJI Phantom 4 Pro+ v2.0 UAV. Given the short
amount of time remaining for aerial imagery, only the outer area (proposed lease areas
#3, Figure 1) was surveyed. The UAV was flown manually at approximately 90 meters
above ground level. Nadir-facing imagery was collected.
Underwater video for ground-truthing was collected at a limited number of points for
validation and ground-truthing of remote sensing data. Videos were collected using a
pole-mounted GoPro camera.



Notes:

Having not previously worked in this bay, navigation was slower than expected, leaving
less time for drone imagery than was ideal, only allowing for a survey of the outer area.
The timing of imagery was relatively poor with respect to sun angles (i.e. mid-afternoon)
and tides (high tide was at 3:28 pm). Survey was flown manually, so will likely be of
limited use for explicit geolocation, though adequate for a qualitative assessment of
patchiness.

Survey took place approximately one week after a major storm event
(hurricane/tropical storm Dorian); effects on the eelgrass community are unknown, but
likely not severe, as the canopy seemed more or less intact, and there was a relatively
normal level of wracking evident.

Subjectively, a relatively large amount of eelgrass was present throughout the estuary,
outside of deeper channels, though seemingly with a patchy fragmented distribution
over most areas. Some areas exhibited moderately high epiphyte loads that were visible
from drone imagery.

Evidence of green crab damage was present (i.e. wrack shoots that had been stripped
consistent with green crab behaviour).

Aside from eelgrass, some other macrophytes were present at low densities, including
likely Fucus and other macroalgae. This was only observed visually and was not
widespread.

Drone imagery shows what appears to be wild shellfish beds (likely blue mussel) present
in some areas; this merits further investigation.

Due to the above points, imagery must be interpreted with care, and likely a more
detailed aerial survey combined with more intensive and quantitative ground-truthing
(i.e. drop camera with frame) would be beneficial and complementary to acoustic data.

Biosonics:

The early part of the survey, covering the southernmost potential lease area, was
truncated due to shallow water; this part of the survey began near to the lowest tide,
and was shallow to begin with. This area would likely be conducive to drone surveys due
to depth.

The most recent proposed lease polygons provided by the province include some areas
that are too shallow for access, particularly in area #3; polygons may have been created
using an outdated coastline file, and may require adjustment.

Suggestions:

Likely some value in a more detailed UAV survey flown with an autopilot to ensure full
coverage with sufficient overlap for image analysis.



In conjunction, conduct more extensive ground-truthing with underwater
photos/videos, using preliminary images and acoustic data to identify areas of interest
(e.g. macrophytes other than eelgrass, wild shellfish)



Results:
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Figure 1. Overview of three proposed lease areas with overlay of sonar tracks; categorized on a
single-ping basis as eelgrass presence or absence.

Eelgrass presence-absence is depicted in Figure 1 on a per-ping basis; note that due to
the relatively high ping rate (5 Hz), these data points overlap and likely obscure patterns when
viewed over a broad extent. Despite this, general patterns can be observed in the results
showing significantly more “absence” in area #3 when compared to area #2. A large proportion
of absences were found in area #1 as well, though much of this area was inaccessible due to
shallow depths.

Agquatic vegetation was easily identified through echogram analysis at this site; the
seafloor generally consists of homogeneously distributed soft sediments with little bathymetric
variation, providing ideal contrast for vegetation detection (Figure 2). The eelgrass community
in the surveyed areas consists of a range of densities, with areas of near-continuous cover (e.g.
Figure 2a) as well as regions with very sparse or patchy cover (e.g. Figure 2b) and occasional
bare patches. As expected, eelgrass was absent from deeper parts of the navigation channel,



and was found at a maximum depth of 2.76 m ( relative to water depth at time of survey,
unadjusted for tide).

While eelgrass occurred in some form throughout most of the surveyed area, it
exhibited heterogeneity and patchiness at all areas, rarely forming dense agglomerations that
could be categorized as “continuous” beds. Patch gaps were apparent from visual inspection as
well as underwater video (Figure 3) and drone imagery. There were also apparent intracanopy
gaps that were not easily detected by sonar; this may merit further investigation of the data.
These gaps may be explained by the timing of the survey (i.e. relatively late in the season, and
shortly after a large storm), rather than representative of the landscape at large, though this is
unknown and would require a return visit in the growing season for assessment.
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Figure 2. Example echograms showing a) dense and b) sparse eelgrass coverage. Each
echogram consists of approximately 300 pings moving along a single transect and represents a
cross-sectional view of the water column, with depth on the x-axis. Brown line indicates the
seafloor while the green line identifies the plant canopy. Both transects are from proposed area
#3.



Figure 3. Screenshots of underwater video collected to validate eelgrass presence. Upper-left
photo is from area #3; other photos all from area #2. Note range of densities and epiphyte
loads.
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Figure 4. Sonar results for proposed area #1; each data point represents the proportion of
vegetated pings over a 10-ping cycle.

Data collected for area #1 were insufficient for detailed mapping due to depth
limitations. However, there were notably large gaps in eelgrass occurrence over the surveyed
area, as can be seen in the results (Figure 4). Unfiled circles each represent a series of 10 pings
without any vegetation, and very few of the output points exceeded 50% cover. This is not
unexpected given the site’s proximity to a dock/wharf as well as its sheltered and shallow
setting with apparently very soft sediments.
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Figure 5. Sonar results for proposed area #2; each data point represents the proportion of
vegetated pings over a 10-ping cycle.

Proposed are #2 contained the largest quantity and density of eelgrass of the three
surveyed areas (Figure 5). Eelgrass occurred, even if only at low density, along nearly all survey
transects, although notably there seemed to be areas of absence immediately to the west of
the site boundary. This site borders the inlet channel to the east, and shallows approaching the
channel as well as the island to the north; the transects shown delineate the navigable area at
time of survey. Eelgrass density seemed to increase with decreasing depth, consistent with
scientific understanding of eelgrass habitat (e.g. balance between shelter from hydrodynamic
forces and sufficient flow).
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Figure 6. Sonar results for proposed area #3; each data pdint represents the proportion of
vegetated pings over a 10-ping cycle.

In contrast to area #2, area #3 showed a distinct pattern in eelgrass occurrence, with
very low density to the east of the site increasing towards the west (Figure 6). Large areas of
absence occur, particularly to the east and in the central portion of the site. Eelgrass that does
occur was patchy and fragmented in most areas except those most sheltered by the barrier
beach to the north and the island to the south.

This heterogeneity can be seen in the drone imagery collected at the site (Figure 7).
Although this imagery cannot easily be used for detailed mapping, it clearly depicts the
fragmented nature of eelgrass habitat in this area.



F-igure 7. Collection of UAV images collected over proposed lease area #3. Darker subtidal areas
are most likely eelgrass, showing a patchy fragmented distribution mostly, with some exceptions
closer to land and in sheltered areas.



APPENDIX B: CANADIAN FOOD INSPECTION AGENCY



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Greegnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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Network Agency Review of an Aquaculture Application

Agency CFIA

Division (if applicable)

Date November 27, 2020
File No. 1442

Type of application New Marine Shellfish
Information Provided

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

I I ™

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

As with any suspended aquaculture of oysters section 9.1.3 of the CSSP manual must be
adhered to.

9.1.3 Aquaculture methods

Proponents are to culture shellfish in a manner that will ensure they are safe for consumption
before harvesting them for sale. If a shellfish control authority determines that the technology
used to grow shellfish could potentially create or attract significant sources of contamination,
failing to develop adequate control measures could lead to the aquaculture site being closed.
Any shellfish cultured using this type of technology must be subject to preventive controls by
a licensed operator, or the leaseholder must submit a harvest plan with appropriate control
measures to the regional shellfish control authority.




Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.



APPENDIX C: TRANSPORT CANADA



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Gregnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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mailto:angela.smith@canada.ca
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May 1, 2019 1:00 p.m. - 3:00 p.m.
Antigonish Beech Hill Road Provincial Office (Conference Call info to be provided)
----- Original Appointment----- From: Goreham, Brennan CD <Brennan.Goreham@novascotia.ca> Sent:
April 11, 2019 8:44 PM To: Goreham, Brennan CD; Feindel, Nathaniel J; Reid, Gregor Kyle; Heighton, Ralph;
Greenwood, Megan N; Hudson, Jolene; LeBlanc, Mélanie Subject: Meeting to discuss AQ#1424 with
Proponent When: May 1, 2019 1:00 PM-3:00 PM (UTC-04:00) Atlantic Time (Canada). Where: Antigonish
Beech Hill Road Provincial Office (Conference Call info to be provided) This meeting is to discuss Ernie

Porter’s (Town Point Consulting) Option to Lease (attached). DFO and TC to also be invited. Nate/Gregor,
I've booked Shelburne boardroom also.


mailto:Brennan.Goreham@novascotia.ca

APPENDIX D: ENVIRONMENT AND CLIMATE CHANGE CANADA —
CANADIAN SHELLFISH WATER CLASSIFICATION PROGRAM



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Greegnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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Network Agency Review of an Aquaculture Application

Agency ECCC

Division (if applicable) SWCP

Date February 1, 2021

File No. 1442

Type of application New Marine Shellfish

Information Provided

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

I I Y ™

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

The area is classified as Restricted.




Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of Privacy Act
(“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.



APPENDIX E: ENVIRONMENT AND CLIMATE CHANGE CANADA —
CANADIAN WILDLIFE SERVICE



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Gregnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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From: Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Sent: December 7, 2020 4:28 PM

To: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>

Cc: Mailhiot, Joshua (EC) <joshua.mailhiot@canada.ca>; Hanson, Al (EC) <al.hanson@canada.ca>
Subject: Proposed aquaculture application AQ#1442 - Antigonish Harbour, N.S.

** EXTERNAL EMAIL / COURRIEL EXTERNE **
Exercise caution when opening attachments or clicking on links / Faites preuve de prudence si vous ouvrez
une piéce jointe ou cliquez sur un lien

Hi Megan,

Environment and Climate Change Canada’s Canadian Wildlife Service (CWS) has reviewed the
information forwarded to us regarding proposed aquaculture application AQ#1442 in Antigonish
Harbour, Nova Scotia, and we have the following comments.

o Boats and equipment should stay at least 300 m from Dunn’s Beach sandspit and
Gooseberry Island during spring and summer, and marine travel in the vicinity should take
place at steady speeds, moving parallel to the shore, rather than approaching the sandspit or
island directly.

¢ Vessels and equipment should be well muffled, and the proponent/contractors should avoid
any sharp or loud noises, should not blow horns or whistles, and should maintain constant
engine noise levels. Due to the proximity to sensitive receptors, we recommend replacing
whistle blasts and horns with radio communications.

e Marine vessels should not pursue seabirds/waterbirds swimming on the water surface, and
avoid concentrations of birds on the water.

¢ Qil or waste should never be dumped overboard, as even small amounts of oil can kill birds
and other marine life, and habitats may take years to recover.

¢ There should be no access to the Dunn’s Beach sandspit or Gooseberry Island, including the
intertidal zone, by project staff and/or equipment. Should equipment wash up at this site
during spring or summer, the proponent would be expected to contact CWS and provincial
wildlife biologists to ensure that Piping Plovers and colonial nesters are not disturbed during
retrieval of equipment and to ensure compliance with the Species at Risk Act (SARA), the
Migratory Birds Convention Act (MBCA), and provincial wildlife legislation. CWS and
provincial wildlife biologists may restrict access to some areas during sensitive periods.


mailto:rachel.gautreau@canada.ca
mailto:Megan.Greenwood@novascotia.ca
mailto:Megan.Greenwood@novascotia.ca
mailto:joshua.mailhiot@canada.ca
mailto:al.hanson@canada.ca
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e Food scraps and other garbage left on beaches and other coastal habitat can artificially
enhance the populations of avian and mammalian predators of eggs and chicks of Piping
Plovers and colonial nesters. No litter (including food scraps) should be left in coastal areas.

¢ Since even small spills of oil can have very serious effects on birds, every effort should be
taken to ensure that not oil spills occur. The proponent should ensure that all precautions are
taken by staff to prevent fuel leaks from equipment, and contingency plans in case of oil spills
should be prepared.

o Project staff and vessels should not approach concentrations of seabirds, waterfowl or
shorebirds.

¢ The proponent should ensure that staff/contractors are familiar with all mitigation measures
and are prepared to implement these. In the event of a discrepancy between environmental
legislation and these measures, the requirements of the legislation will take precedence.

¢ Common Eider chicks are known to be very susceptible to depredation by gulls, and
activities such as boat traffic, that could separate family groups could have disastrous
consequences for the fledging success of these birds.

It is extremely important that project activities do not disturb female eiders with broods of
chicks, groups of moulting eiders, or flocks of staging or wintering birds. Contractor/staff
should not approach concentrations of seabirds, waterfowl, or shorebirds; and have well
muffled vessels and equipment. Careful planning of access routes is very important, and
vessels should reduce speed when in the vicinity of flocks of birds.

¢ Contamination problems due to bird feces have occurred at aquaculture sites using vexar bags.
Birds in some areas have been observed perching on vexar bags. Other birds may be attracted
to fouling organisms as a potential food source. The placement of vexar bags in any area of high
bird use could result in the contamination of cultured shellfish.

If project proponents are allowed to proceed with an aquaculture site in an area of high bird use,
then they should be advised that they do so at their own risk. Migratory birds are all protected
under the Migratory Birds Convention Act and associated regulations (MBCA), and under this
act, it is illegal to kill, take, or hunt any species of migratory bird or to destroy nests or young of a
migratory bird without a permit. Under the Migratory Birds Regulations, hunt "means chase,
pursue, worry, follow after or on the trail of, lie in wait for, or attempt in any manner to capture,
kill, injure or harass a migratory bird, whether or not the migratory bird is captured, killed or
injured”.

Other expert departments




We also recommend that provincial wildlife and wetlands biologists be given the opportunity to
review this project proposal if this has not already occurred.

Applicable Legislation

The Migratory Birds Convention Act (MBCA) protects most bird species in Canada however, some
families of birds are excluded. A list of species under MBCA protection can be found at
https://www.canada.ca/en/environment-climate-change/services/migratory-birds-legal-
protection/list.html .

Under Section 6 of the Migratory Birds Regulations (MBR), no person shall disturb, destroy or take a
nest or egg of a migratory bird; or to be in possession of a live migratory bird, or its carcass, skin, nest
or egg, except under authority of a permit. It is important to note that under the current MBR, no
permits can be issued for the incidental take of migratory birds caused by development projects or
other economic activities. Furthermore, Section 5.1 of the MBCA describes prohibitions related to
deposit of substances harmful to migratory birds:

“5.1 (1) No person or vessel shall deposit a substance that is harmful to migratory birds, or
permit such a substance to be deposited, in waters or an area frequented by migratory birds
or in a place from which the substance may enter such waters or such an area.

(2) No person or vessel shall deposit a substance or permit a substance to be deposited in
any place if the substance, in combination with one or more substances, results in a substance
— in waters or an area frequented by migratory birds or in a place from which it may enter
such waters or such an area — that is harmful to migratory birds.”

It is the responsibility of the proponent to ensure that activities comply with the MBCA and regulations.
In fulfilling its responsibility for MBCA compliance, the proponent should take the following points into
consideration:

¢ Information regarding regional nesting periods can be found at
https://www.canada.ca/en/environment-climate-change/services/avoiding-harm-migratory-
birds/general-nesting-periods.html.. Some species protected under the MBCA may nest outside
these timeframes

o Most migratory bird species construct nests in trees (sometimes in tree cavities) and shrubs, but
several species nest at ground level (e.g., Common Nighthawk, Killdeer, sandpipers), in hay
fields, pastures or in burrows. Some bird species may nest on cliffs or in stockpiles of
overburden material from mines or the banks of quarries. Some migratory birds (including
certain waterfowl species) may nest in head ponds created by beaver dams. Some migratory
birds (e.g., Barn Swallow, Cliff Swallow, Eastern Phoebe) may build their nests on structures
such as bridges, ledges or gutters.


https://www.canada.ca/en/environment-climate-change/services/migratory-birds-legal-protection/list.html
https://www.canada.ca/en/environment-climate-change/services/migratory-birds-legal-protection/list.html
https://www.canada.ca/en/environment-climate-change/services/avoiding-harm-migratory-birds/general-nesting-periods.html
https://www.canada.ca/en/environment-climate-change/services/avoiding-harm-migratory-birds/general-nesting-periods.html
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e One method frequently used to minimize the risk of destroying bird nests consists of avoiding
certain activities, such as clearing, during the regional nesting period for migratory birds.

¢ The risk of impacting active nests or birds caring for pre-fledged chicks, discovered during
project activities outside the regional nesting period, can be minimized by measures such as the
establishment of vegetated buffer zones around nests, and minimization of activities in the
immediate area until nesting is complete and chicks have naturally migrated from the area. It is
incumbent on the proponent to identify the best approach, based on the circumstances, to
complying with the MBCA.

Further information can be found at https://www.canada.ca/en/environment-climate-
change/services/avoiding-harm-migratory-birds.html

The proponent should also be reminded that the prohibitions under the Species at Risk Act (SARA)
are now in force. The complete text of SARA, including prohibitions, is available at
www.sararegistry.gc.ca .

Please don'’t hesitate to contact me should you have any questions regarding our comments.

Sincerely,

Rachel
Rachel Gautreau
Coordinator, Environmental Assessment / Canadian Wildlife Service

Environment and Climate Change Canada / Government of Canada
rachel.gautreau@canada.ca

Coordinatrice, Evaluations environnementales / Service canadien de la faune
Environnement et Changement climatique Canada / Gouvernement du Canada
rachel.gautreau@canada.ca



https://www.canada.ca/en/environment-climate-change/services/avoiding-harm-migratory-birds.html
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APPENDIX F: NS DEPARTMENT OF ENVIRONMENT (NOW DEPARTMENT
OF ENVIRONMENT AND CLIMATE CHANGE)



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Gregnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429


mailto:Leanna.Braid@dfo-mpo.gc.ca
mailto:angela.smith@canada.ca
mailto:Angela.Birch@novascotia.ca
mailto:Michael.Kittilsen@novascotia.ca
mailto:Michael.Kittilsen@novascotia.ca
mailto:Robins@novascotia.ca
mailto:Lori.Blackburn@novascotia.ca
mailto:Louise.Boudreau@novascotia.ca
mailto:rachel.gautreau@canada.ca
mailto:Nathaniel.Feindel@novascotia.ca
mailto:Lewis.Clancey@novascotia.ca
mailto:Robert.Ceschiutti@novascotia.ca
mailto:Matthew.King@novascotia.ca
mailto:Bruce.Hancock@novascotia.ca

Network Agency Review of an Aquaculture Application

Agency DOE

Division (if applicable) Enforcement and Compliance
Date October 29, 2020

File No. 1442

Type of application New Marine Shellfish
Information Provided Peter Taylor

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

I I I N =

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

Sites could/will effect:

Other commercial oyster fishers-- oysters are openly collected outside the 1 AQ site # 1385,
throughout the harbour and being flushed in approved areas before sale or to another AQ site
Commercial and recreational ell harvesters

Float plane operation

All types of recreational boating

Recreational fishing

Commercial lobster fishers travel?

these activities should be addressed if not already.




Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.



From: MacKay, Troy

To: Greenwood, Megan N

Subject: Aquaculture license and lease applications #1442,1443 and 1444
Date: January 7, 2021 4:29:24 PM

Attachments: Network Agency Review-AQ#1444.docx

Network  Agency  Review-AQ#1443.docx

Network  Agency  Review-AQ#1442.docx
image002.png

Hi Meghan,

Just reviewed the network agency review that one of my officers had filled out, regarding
aquaculture license and lease applications #1442,1443 and 1444 and his comments expressed
within these documents. The comments should have been that we in the Conservation Officer
Service have no compliance issues to date in these areas. He misunderstood the question and the
other comments that were expressed, were a personal opinion and outside this Departments

mandate.
‘}‘i% Troy MacKay
NOVA SCOTIA Regional Manager,
Environment Conservation Officer Service

Inspection Compliance & Enforcement Division
300 Mountain Road
Coxheath, NS B1L 1A9

@ (902) 563-3370

= (902) 567-2535

M troy.mackay@novascotia.ca

Toll Free: 1-800-565-2224 to Report Violations
Or Email: reportapoacher@novascotia.ca

Please consider the environment before printing this email. &

CONFIDENTIALTY NOTICE: This message may contain privileged and/or confidential information. if you
have received this e-mail in error or are not the intended recipient, you may not use, copy, disseminate,
or distribute it. Do not open any attachments. Delete this message immediate by fram your system and
notify the sender by e-mail or telephone that you have done so. Thank you.


mailto:Troy.MacKay@novascotia.ca
mailto:Megan.Greenwood@novascotia.ca

APPENDIX G: NS COMMUNITIES, CULTURE AND HERITAGE (NOW
DEPARTMENT OF COMMUNITIES, CULTURE, TOURISM AND HERITAGE)



From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Gregnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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Network Agency Review of an Aquaculture Application

Agency CCH

Division (if applicable) Special Places

Date Nov. 25, 2020

File No. 1442

Type of application New Marine Shellfish
Information Provided archaeology

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

doodxd

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

This is an area of elevated archaeological potential. Given this is a suspended culture set up,
immediate archaeology concerns are minimal. However, please communicate to the license
operator, that if at anytime artifacts are encountered during operations, the Coordinator of
Special Places, John Cormier should be contacted immediately.




Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.



From: Ceschiutti, Robert

To: Shore, Christopher; Lewis, Beth ]

Cc: Winfield, Lynn; Buchan, Carla M

Subject: Updates to Aquaculture applications AQ#1442 1443 1444
Date: August 31, 2022 1:18:50 PM

Attachments: 2020.11.25-CCH-Catherine Robbins-Cottreau-AQ#1442.pdf

2020-11-25 CCH-Catherine Robbins-Cottreau-AQ#1443-2020.11.25.pdf
2020-11-25 CCH-Catherine Robbins-Cottreau-Response-AQ#1444-2020.11.25.pdf

This email is in regards to three new marine shellfish Aquaculture applications, file nos. AQ#1442,
1443 and 1444 (Town Point Consulting Ltd.). | wish to inform you that the Kwilmu’kw Maw’klusuagn
Negotiation Office (KMKNO) had sent correspondence to our department (NSDFA) regarding the
above applications on July 13, 2022. In the letter, the KMKNO recommended a full Archaeological
Resource Impact Assessment (ARIA) be undertaken. The KMKNO did not provide an explanation or
specificity for how the proposed suspended culture activities could impact rights related to
underwater archaeology in the project area.

Could you please confirm if your previous response, dated November 25, 2020 remains valid?

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Robert.Ceschiutti@novascotia.ca
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Network Agency Review of an Aquaculture Application

Agency

CCH

Division (if applicable)

Special Places

Date

Nov. 25, 2020

File No.

1442

Type of application

New Marine Shellfish

Information Provided

archaeology

Please provide comments, concerns, recommendations, or requirements on the above stated
application for a marine aquaculture licence. Please include the criterion /criteria within your
jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

OdoodxXd

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

This is an area of elevated archaeological potential. Given this is a suspended culture set up,
immediate archaeology concerns are minimal. However, please communicate to the license
operator, that if at anytime artifacts are encountered during operations, the Coordinator of
Special Places, John Cormier should be contacted immediately.
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Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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		Public Notice and Disclosure

		Privacy Statement

		The network review information collected as part of an aquaculture application will only be used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.






Network Agency Review of an Aquaculture Application

Agency

CCH

Division (if applicable)

Special Places

Date

Nov. 25, 2020

File No.

1443

Type of application

New Marine Shellfish

Information Provided

archaeology

Please provide comments, concerns, recommendations, or requirements on the above stated
application for a marine aquaculture licence. Please include the criterion /criteria within your
jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

OdoodxXd

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

This is an area of elevated archaeological potential. Given this is a suspended culture set up,
immediate archaeology concerns are minimal. However, please communicate to the license
operator, that if at anytime artifacts are encountered during operations, the Coordinator of
Special Places, John Cormier should be contacted immediately.
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Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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Network Agency Review of an Aquaculture Application

Agency

CCH

Division (if applicable)

Special Places

Date

Nov. 25, 2020

File No.

1444

Type of application

New Marine Shellfish

Information Provided

archaeology

Please provide comments, concerns, recommendations, or requirements on the above stated
application for a marine aquaculture licence. Please include the criterion /criteria within your
jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

OdoodxXd

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

This is an area of elevated archaeological potential. Given this is a suspended culture set up,
immediate archaeology concerns are minimal. However, please communicate to the license
operator, that if at anytime artifacts are encountered during operations, the Coordinator of
Special Places, John Cormier should be contacted immediately.
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Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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From: Ceschiutti, Robert

To: Shore, Christopher; Lewis, Beth J; Cottreau-Robins, Catherine M
Cc: Winfield, Lynn; Buchan, Carla M

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 12, 2022 10:45:02 AM

I am following up of the previous email sent to you on August 31, 2022 in regards to Aquaculture
applications AQ#1442, 1443 and 1444 (Town Point Consulting Ltd.).

Can you please respond to my initial request by the end of today?

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Robert.Ceschiutti@novascotia.ca


mailto:Robert.Ceschiutti@novascotia.ca
mailto:Christopher.Shore@novascotia.ca
mailto:Beth.Lewis@novascotia.ca
mailto:Catherine.Cottreau-Robins@novascotia.ca
mailto:Lynn.Winfield@novascotia.ca
mailto:Carla.Buchan@novascotia.ca
mailto:Robert.Ceschiutti@novascotia.ca

From: Cottreau-Robins, Catherine M

To: Ceschiutti, Robert; Shore, Christopher; Lewis, Beth ]

Cc: Winfield, Lynn; Buchan, Carla M

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 12, 2022 11:08:36 AM

Hi Robert,

| will look this up again and get back to you. | have been on vacation leave and then got Covid. | hope
to return to work tomorrow.
I will say that the archaeological concerns by the KMKNO are not unexpected.

Yours,

Katie Cottreau-Robins
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From: Ceschiutti, Robert

To: Winfield, Lynn; Feindel, Nathaniel J; Clancey, Lewis; Buchan, Carla M
Subject: FW: Updates to Aquaculture applications AQ#1442 1443 1444

Date: September 13, 2022 8:07:11 AM

Hi team, | received a response from CCTH via OLA below that can be added to the record for
AQ#1442 1443 and 1444.

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Robert.Ceschiutti@novascotia.ca

From: Rillie, Claire Z <Claire.Rillie@novascotia.ca>

Sent: September 12, 2022 3:47 PM

To: Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>

Subject: FW: Updates to Aquaculture applications AQ#1442 1443 1444

Hi Robert,

Please see CCTH’s responses to your questions about the above-noted files, below. Happy to discuss
if needed.

Thanks,
Claire

From: Lewis, Beth J <Beth.lewis@novascotia.ca>
Sent: September 12, 2022 1:55 PM

To: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>; Rillie, Claire Z
<Claire.Rillie@novascotia.ca>; Cormier, John Kenneth <John.Cormier@novascotia.ca>

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444

Thank you Katie and John for the fast turn around. Katie, | hope you're feeling okay.

Claire, would you like to follow up with Robert or is it easier for me to? I’'m fine either way, just let
me know.

From: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>
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Sent: September 12, 2022 11:27 AM

To: Rillie, Claire Z <Claire.Rillie@novascotia.ca>; Lewis, Beth J <Beth.lLewis@novascotia.ca>; Cormier,
John Kenneth <John.Cormier@novascotia.ca>

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444

Hi Folks,

A brief letter. Please note that when CCTH responds with “this is an area of elevated archaeological
potential,” we, of course, include all potential archaeological resources — indigenous (historic and
pre-contact), historic, and marine/shipwreck.

If Aquaculture wants to support a full ARIA that is fine but again, suspended culture operations
means suspended equipment except for anchors that | have been assuured , do not drag across the
ocean floor and are checked for such impacts regularly. Anchors often sit upon considerable ocean
sediment buildup.

Hope this helps.
I am off on Mondays as you know, but back to work tomorrow.

Katie

From: Rillie, Claire Z <Claire.Rillie@novascotia.ca>

Sent: September 12, 2022 11:15 AM

To: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>; Lewis, Beth J
<Beth.lewis@novascotia.ca>; Cormier, John Kenneth <John.Cormier@novascotia.ca>
Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444

Hi Folks,

Apologies for the confusion on this file. I'm attaching KMKNQO's letter and I'd be happy to answer any
more questions you may have.

Thanks,
Claire

From: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>
Sent: September 12, 2022 11:10 AM

To: Lewis, Beth J <Beth.Lewis@novascotia.ca>; Cormier, John Kenneth
<John.Cormier@novascotia.ca>; Rillie, Claire Z <Claire.Rillie@novascotia.ca>
Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444

Looking at this now Beth. katie


mailto:Claire.Rillie@novascotia.ca
mailto:Beth.Lewis@novascotia.ca
mailto:John.Cormier@novascotia.ca
mailto:Claire.Rillie@novascotia.ca
mailto:Catherine.Cottreau-Robins@novascotia.ca
mailto:Beth.Lewis@novascotia.ca
mailto:John.Cormier@novascotia.ca
mailto:Catherine.Cottreau-Robins@novascotia.ca
mailto:Beth.Lewis@novascotia.ca
mailto:John.Cormier@novascotia.ca
mailto:Claire.Rillie@novascotia.ca

From: Lewis, Beth J <Beth.Lewis@novascotia.ca>

Sent: September 12, 2022 10:52 AM

To: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>; Cormier, John
Kenneth <John.Cormier@novascotia.ca>; Rillie, Claire Z <Claire.Rillie@novascotia.ca>

Subject: FW: Updates to Aquaculture applications AQ#1442 1443 1444

Hi John and Katie,

Just noticing neither of you were not copied on the original. I'm wondering if you are able to meet
Robert’s requested response time by the end of the day to confirm our original
assessment/response from November 2020 (attached). If not, please let me know when we can
provide a response and I'll let Robert know our timeline.

Claire, can you provide copy of the letter that KMKNO sent regarding this project so that Katie and
John can reference?

Thank you,
Beth
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From: Ceschiutti, Robert

To: Cottreau-Robins, Catherine M

Cc: Buchan, Carla M; Clancey, Lewis; Winfield, Lynn

Subject: FW: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 13, 2022 12:03:01 PM

Importance: High

Good afternoon Catherine, because these files are related to adjudicative applications, it’s important
that | have a direct response from CCTH to my email request. Can you please respond directly to me
that your previous response, dated November 25, 2020 remains valid?

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Robert.Ceschiutti@novascotia.ca
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From: Cottreau-Robins, Catherine M

To: Ceschiutti, Robert

Cc: Buchan, Carla M; Clancey, Lewis; Winfield, Lynn

Subject: Re: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 22, 2022 8:45:08 AM

Hi Robert,

I believe I responded to this but will confirm. I am in Membertou today but should be able to
address tomorrow.

Yours,

Katie


mailto:Catherine.Cottreau-Robins@novascotia.ca
mailto:Robert.Ceschiutti@novascotia.ca
mailto:Carla.Buchan@novascotia.ca
mailto:Lewis.Clancey@novascotia.ca
mailto:Lynn.Winfield@novascotia.ca

From: Ceschiutti, Robert

To: Cottreau-Robins, Catherine M

Cc: Buchan, Carla M; Clancey, Lewis; Winfield, Lynn

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 27, 2022 11:01:00 AM

Hi Katie, to clarify you did send a response to Claire Rillie from the Nova Scotia Office of L'Nu Affairs
on September 12, 2022 but | require a separate email sent directly to myself (representing the
NSDFA) as opposed to another Department (OLA). Please send the response ASAP, thank you.

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430

Robert.Ceschiutti@novascotia.ca
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From: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>

Sent: September 27, 2022 12:33 PM

To: Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; Cormier, John Kenneth
<John.Cormier@novascotia.ca>; Lewis, Beth J <Beth.Lewis@novascotia.ca>

Cc: Buchan, Carla M <Carla.Buchan@novascotia.ca>; Clancey, Lewis
<Lewis.Clancey@novascotia.ca>; Winfield, Lynn <Lynn.Winfield@novascotia.ca>; Rillie, Claire Z
<Claire.Rillie@novascotia.ca>

Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444

Hi Robert,

| have been without power but back up and looked at all this again.

Unless the aquaculture operation type has changed from what | reviewed in Nov 2020, my
assessment is the same. These are suspended culture operations that have low impact given the
anchors are stationary. However, because this is an area of general elevated archaeological
potential, communication on any artifact findings to the Special Places Office is requested so we can
follow up.

Yours,

Katie Cottreau-Robins



From: Ceschiutti, Robert

To: Cottreau-Robins, Catherine M; Cormier, John Kenneth; Lewis, Beth ]
Cc: Buchan, Carla M; Clancey, Lewis; Winfield, Lynn; Rillie, Claire Z
Subject: RE: Updates to Aquaculture applications AQ#1442 1443 1444
Date: September 28, 2022 8:10:13 AM

Perfect, thanks!

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575A Lake Road

Sandy Point, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Robert.Ceschiutti@novascotia.ca
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From: Feindel, Nathaniel J

To: Winfield, Lynn; Clancey, Lewis
Subject: FW: Town Point Consulting Inc.
Date: November 21, 2022 10:46:38 AM

Hey Lynn and Lew,
| had a conversation with Catherine last week as per my email below.
Lew, please included this in the report on consultation under CCTH’s section.

Thanks, Nathaniel

From: Feindel, Nathaniel J

Sent: November 21, 2022 10:45 AM

To: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>
Subject: Town Point Consulting Inc.

Hello Catherine,

Thanks for the conversation last Thursday (Nov 17th), regarding some of the similarities and
differences in the standard suspended oyster growing infrastructure and the technology proposed to
be utilized for suspended culture by Town Point Consulting Inc., in Antigonish Harbour. We felt it
was important to clarify culture methodologies to ensure the advice provided by CCTH on this file
was appropriate.

As you outlined in during our conversation and in the advice provided by CCTH to date, the
proposed area has high archaeological potential. The next stage is for the application to move it to
the Aquaculture Review Board for a decision on the applications. We will keep you informed on this
and if it is approved, we will work with the operator to ensure the appropriate reporting
mechanisms and procedures are in place, should farming commence and if archeological artifacts
are encountered.

Thanks, Nathaniel

Nathaniel Feindel
Aquaculture Development and Marine Plants Harvesting- Manager
N.S. Dept. Fisheries & Aquaculture
1575A Lake Rd., Sandy Point, N.S., BOT1WO0
T:(902) 875-7450
F: (902) 875-7429

E: Nathaniel.Feindel@novascotia.ca

This email including any attached files contains confidential and privileged information and is intended for a specific
individual and purpose. If you are not the intended recipient, you are hereby notified that any use, disclosure, copying,
distribution, or taking of any action in reference to the contents of the information contained in this email or any attached
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files is strictly prohibited. If you have received this communication in error, please contact the sender immediately and
delete this message along with any attached files from your system.
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From: Eeindel, Nathaniel ]

To: Clancey, Lewis

Cc: Winfield, Lynn

Subject: FW: Town Point Consulting Inc.
Date: November 24, 2022 10:26:34 AM
Hey Lew,

Please see the correspondence with CCTH.

Nathaniel

From: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>
Sent: November 22, 2022 9:18 AM

To: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>

Cc: Cormier, John Kenneth <John.Cormier@novascotia.ca>

Subject: RE: Town Point Consulting Inc.

THank you Nathaniel. katie

From: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>
Sent: November 21, 2022 10:45 AM

To: Cottreau-Robins, Catherine M <Catherine.Cottreau-Robins@novascotia.ca>
Subject: Town Point Consulting Inc.

Hello Catherine,

Thanks for the conversation last Thursday (Nov 17th), regarding some of the similarities and
differences in the standard suspended oyster growing infrastructure and the technology proposed to
be utilized for suspended culture by Town Point Consulting Inc., in Antigonish Harbour. We felt it
was important to clarify culture methodologies to ensure the advice provided by CCTH on this file
was appropriate.

As you outlined in during our conversation and in the advice provided by CCTH to date, the
proposed area has high archaeological potential. The next stage is for the application to move it to
the Aquaculture Review Board for a decision on the applications. We will keep you informed on this
and if it is approved, we will work with the operator to ensure the appropriate reporting
mechanisms and procedures are in place, should farming commence and if archeological artifacts
are encountered.

Thanks, Nathaniel

Nathaniel Feindel
Aquaculture Development and Marine Plants Harvesting- Manager
N.S. Dept. Fisheries & Aquaculture
1575A Lake Rd., Sandy Point, N.S., BOT1WO0
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902) 875-7429
Nathaniel.Feindel@novascotia.ca
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This email including any attached files contains confidential and privileged information and is intended for a specific
individual and purpose. If you are not the intended recipient, you are hereby notified that any use, disclosure, copying,
distribution, or taking of any action in reference to the contents of the information contained in this email or any attached
files is strictly prohibited. If you have received this communication in error, please contact the sender immediately and
delete this message along with any attached files from your system.
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From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M <Catherine.Cottreau-
Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC) <rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>;
Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S <Matthew.King@novascotia.ca>;
Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Gregnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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Network Agency Review of an Aquaculture Application

Agency NS Department of Agriculture
Division (if applicable) Animal and Crop Services
Date November 10, 2020

File No. 1442

Type of application New Marine Shellfish
Information Provided

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

I I Y ™

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

There are no concerns from NSDA currently, agriculture operations near the purposed
site 1442 are light in intensity. The intensity of the agricultural land use may change over
time and become more intense. If the agricultural operations become more intense there
is the potential for agricultural runoff to occur causing a negative impact on the
purposed Aquiculture operation.
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Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the
departmental website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection
of Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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From: Greenwood, Megan N

Sent: October 7, 2020 2:26 PM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>; Smith, Angela (CFIA/ACIA)
<angela.smith@canada.ca>; david.macarthur@ec.gc.ca; Birch, Angela <Angela.Birch@novascotia.ca>;
Kittilsen, Michael A <Michael.Kittilsen@novascotia.ca>; Cottreau-Robins, Catherine M
<Catherine.Cottreau-Robins@novascotia.ca>; Blackburn, Lori M <Lori.Blackburn@novascotia.ca>;
Boudreau, Louise O <Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC)
<rachel.gautreau@canada.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Clancey, Lewis
<Lewis.Clancey@novascotia.ca>; Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>; King, Matthew S
<Matthew.King@novascotia.ca>; Hancock, Bruce H <Bruce.Hancock@novascotia.ca>

Subject: AQ#1442, 1443, 1444 - New Application

Attention: Network Review Agencies

Please see the attached memo for three (3) Aquaculture Application Nos. 1442, 1443, 1444 in
Antigonish Harbour, Antigonish County.

Please respond with your feedback by December 7, 2020.

The attached zipped shapefile requires specific geospatial software to open and is intended for
convenient use by GIS professionals only.

Meggan Greggnwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO

Phone 902-875-7443

Fax 902-875-7429
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From: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>

Sent: November 24, 2020 10:49 AM

To: chris.mills@dfo-mpo.gc.ca; Braid, Leanna <Leanna.Braid@dfo-mpo.gc.ca>;
Smith, Angela (CFIA/ACIA) <angela.smith@canada.ca>; david.macarthur@ec.gc.ca;
Birch, Angela <Angela.Birch@novascotia.ca>; Cottreau-Robins, Catherine M
<Catherine.Cottreau-Robins@novascotia.ca>; Blackburn, Lori M
<Lori.Blackburn@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>; Gautreau, Rachel (EC)

Cc: Clancey, Lewis <Lewis.Clancey@novascotia.ca>; Ceschiutti, Robert

<Robert.Ceschiutti@novascotia.ca>
Subject: FW: AQ#1442, 1443, 1444 - New Application

Attn: Network Review Agencies:

Please be reminded that our office has not received comments from your Department
for the proposed aquaculture site in Antigonish Harbour, Antigonish County. Your
comments are due on or before December 7, 2020.

Megan Greenwood

Licensing Coordinator

Nova Scotia Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS BOT

1WO0

Phone 902-875-7443

Fax 902-875-7429

&) Please consider the environment before printing this e-mail

The information contained in this e-mail may contain confidential information intended for a specific individual and purpose.
The information is private and is legally protected by law. If you are not the intended recipient, you are hereby notified that any
disclosure, copying, distribution or the taking of any action in reliance on the comments of this information is strictly prohibited.
If you have received this communication in error, please notify the sender immediately by telephone or return e-mail. Thank
you.

*k

L'information contenue dans ce courriel peut étre de nature confidentielle et elle est destinée a une personne précise dans
un but précis. L'information est privée et protégée par la loi. Si vous n'étes pas le destinataire du message, vous étes, par la
présente, avisé que toute divulgation, reproduction, distribution ou action prise en s'appuyant sur cette information sont
strictement interdites. Si vous avez recu ce message par erreur, veuillez en informer I'expéditeur sur- le-champ, par
téléphone ou par courriel. Merci.
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From: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>
Sent: December 4, 2020 2:20 PM

To: Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>Subject: Fwd: Request for extension
AQ#1442, 1443, 1444 - New Application

Sent from my iPhone Begin

forwarded message:

From: "Boudreau, Louise O" <Louise.Boudreau@novascotia.ca>
Date: December 4, 2020 at 2:17:14 PM AST

To: "Greenwood, Megan N" <Megan.Greenwood@novascotia.ca>

Cc: "O'Brien-Latham, Lesley" <Lesley.OBrien-Latham@novascotia.ca>, "Blackburn,
Lori M" <Lori.Blackburn@novascotia.ca>

Subject: Request for extension AQ#1442, 1443, 1444 - New Application

Hello Megan,
Thanks so much for the reminder. I’'m working on consolidating the comments | have

received on these three applications. It would be helpful to have a bit more time for my
director and our biology reviewer to approve the comments.

Would it be possible to get a bit more time? | don’t want to rush anyone.
Wednesday EOD would be helpful but | may be able to get it to you earlier.

Warm Regards,

Louise

Louise Boudreau

Policy Analyst

Department of Lands and Forestry

Founders Square | 1701 Hollis Street, 3™ Floor | Halifax, NS B3J 279 |
424-3530
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From: Ceschiutti, Robert <Robert.Ceschiutti@novascotia.ca>

Sent: December 4, 2020 4:11 PM

To: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>
Cc: Greenwood, Megan N <Megan.Greenwood@novascotia.ca>; Clancey, Lewis

<Lewis.Clancey@novascotia.ca>

Subject: FW: Request for extension AQ#1442, 1443, 1444 - New Application

-
-
-

Hi Louise, thanks for the heads-up, | approve of an extension for response to the following week,

Monday December 14, 2020.

Regards,

Robert Ceschiutti

Manager, Licensing and Leasing

NS Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, Nova Scotia

BOT 1WO

Phone: 902-875-7430
Cell: 902-874-0996
Robert.Ceschiutti@novascotia.ca
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From: Boudreau, Louise O

To: Ceschiutti, Robert

Cc: Greenwood, Megan N; Clancey, Lewis

Subject: RE: Request for extension AQ#1442, 1443, 1444 - New Application
Date: December 4, 2020 4:13:24 PM

Hi Robert,

Thanks so very much. The comments that I’'m reviewing need a bit of work and | want to go
back to the reviewer. | also want to give my director enough time.

You are a life saver!
Louise

Louise Boudreau
Policy Analyst

Department of Lands and Forestry

Founders Square |1701 Hollis Street, 3 Floor | Halifax, NS B3J 2T9 |
424-3530


mailto:Louise.Boudreau@novascotia.ca
mailto:Robert.Ceschiutti@novascotia.ca
mailto:Megan.Greenwood@novascotia.ca
mailto:Lewis.Clancey@novascotia.ca

-
-
w

Network Agency Review of an Aquaculture Application

Agency Lands and Forestry

Division (if applicable) Policy Division on behalf of the Department Lands and
Forestry

Date Dec. 111 2020

File No. 1442

Type of application New Marine Shellfish

Information Provided

Please provide comments, concerns, recommendations, or requirements on the above stated

application for a marine aquaculture licence. Please include the criterion /criteria within your

jurisdiction or mandate that your feedback is based upon. Similarly, if additional information is
required to make a determination, please include the criterion /criteria within your jurisdiction
or mandate that your request is based upon.

No concerns regarding the proposed development

Concerns with development are expressed below

Request modifications to the proposed development (described below)
Required or recommended conditions (described below)

Request additional information (described below)

Request meeting with applicant and NSDFA (described below)

No comments on the application

OO0 XXOodo

Comments, concerns, recommendations, and/or required conditions including the criterion
/criteria within your jurisdiction or mandate that your feedback is based upon. (Attach
comments if preferred, or add additional pages, as required.):

The Department of Lands and Forestry has the following comments:

Crown Land:
According to the records on file at the Crown Land Information Management Centre, the
subject area is considered ungranted Crown land with no encumbrances.

Wildlife/Wildlife Habitat:
Request for Additional Information:

The Department does not have sufficient information to complete a fulsome review of this
application. The Department has concerns regarding the lack of evidence in the document
including but not limited to baseline data, scientific references or evidence, and lack of
mitigation for wildlife issues. There is no evidence that this project will not contribute to
negative impacts to the local ecosystem and wildlife. There are only a few instances of the
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proponent outlining a possible negative impact of the project and providing mitigation. More
information is needed to determine if there will be more negative impacts resulting from this
project and if more mitigation is needed.

Comments on the Application Document

1.

4.

The Department is concerned that the application document indicates that there will be
some changes to the local environment (negative or positive) but does not clearly
identify those changes. It is also a concern that potential negative impacts are not
considered or dismissed and that no mitigation is put forward for these potential
impacts.

There is an overall lack of baseline data which is necessary to monitor the project going
forward. Since this project does not provide baseline data, mitigation, or data to support
the safety of this project, it can not be determined if this oyster farm could cause harm
to Species at Risk and other species protected through the NS Wildlife Act and the
Migratory Birds Convention Act.

The document relies on repetitious data, individual opinions, and anecdotes. It relies on
assertions made by individuals, many whose names are redacted and without
supporting evidence. The document provides almost no evidence for its assertions on
wildlife. The Piping Plover report is an exception and provides adequate detail on the
species and how mitigation was incorporated. The overall quality of the document does
not meet the information needs of the Department, and lacks structure making it
difficult to navigate (no table of contents, page numbers, references, many repetitions,
and no background data/preamble). There are many instances indicating that literature
reviews were completed but the report fails to provide evidence of this work.

The report is largely void of biological data, evidence, or baseline data (other than Piping
Plover) necessary to assess the environmental impact.

Recommendations
The Department does not have sufficient information to fully assess this proposal and provide
recommendations for mitigation measures concerning the potential biodiversity impacts.
Specifically, the Department requires:

1.

Base line data and analysis that identifies the potential negative impacts on the
ecosystem due to the increased load of shellfish. Ecosystem level impacts include
negative impacts that could potentially harm the aquatic ecosystem and species
(vegetation, benthic species etc.) and have consequent impacts on the food chain

A comprehensive wildlife management plan that identifies impacts on birds is required.
This was identified as a potential issue in the application. The plan must identify which
species could be impacted, how these impacts can be mitigated and how to monitor for
incidental impacts (entanglement, disturbance during resting periods, noise issues etc.).
A thorough risk assessment is required to create this wildlife management plan.
Baseline data for benthic invertebrates, vegetation, water quality etc. This is necessary
to ensure the long-term sustainability of the project and harbour ecosystem. This data
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should be collected, and a monitoring plan should be created to adequately monitor
environmental impacts; positive or negative.
4. Information (literature review, pre-disturbance data etc.) collected or collated on the
following issues:
a. Effects of de-fouling on the local water quality, species etc.
b. Noise from farm- effects on birds and any other potentially impacted wildlife (A
literature review may suffice).
c. Impacts for birds etc. where potential impacts may be caused by suspended
oysters, noise, and the effects bird waste has on oyster quality if nearby.
d. Possible effects on eelgrass and baseline data on current extent of eelgrass.

Recommended Conditions of Approval

The proponent must develop a wildlife management plan that is acceptable to the Department
of Lands and Forestry. The proponent is required to implement the wildlife management plan
as approved.

The proponent must:

1. Not disturb, harass, or chase congregated birds (waterfowl, geese, cormorants etc.),
especially during January — March.

2. Remove any gear/equipment that is washed ashore/deposited on any Crown land at
their expense.

3. Report all wildlife mortalities (entanglements etc.) to the Department of Lands and
Forestry Regional Biologist and any other appropriate agency (if a marine mammal,
Species at Risk etc.) within 5 business days.



-
-
(<]

Public Notice and Disclosure

As part of the process for deciding on an application, it may be necessary for the Nova Scotia
Department of Fisheries and Aquaculture (“Fisheries and Aquaculture”) to disclose the collected
network review information to the applicant and other government bodies, including, if
applicable, the Nova Scotia Aquaculture Review Board for use at an adjudicative hearing relating
to the application in question.

In accordance with departmental policy, which seeks to promote public involvement in the
process for deciding on aquaculture applications, Fisheries and Aquaculture will disclose
aquaculture application information, including network review information, on the departmental
website.

Privacy Statement

The network review information collected as part of an aquaculture application will only be
used or disclosed by Fisheries and Aquaculture for the purpose of deciding on the application.

All application information collected is subject to the Freedom of Information and Protection of
Privacy Act (“FOIPOP”) and will only be used or disclosed in accordance with FOIPOP.
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March 3, 2021

NS Department of Fisheries and Aquaculture
1575 Lake Road

Shelburne, NS

BOT 1WO0

Attention; Nathaniel Fiendel, Lewis Clancey
Re: AQ1442,1443,1444
Please see below our reply to the Network Agency Review received from Dept of Lands and Forestry.

Lands and Forestry

1) Draft Wildlife Management Plan

Antigonish Harbour is a vibrant and valuable ecosystem that provides important habitat for many
species of wildlife. It is a known stopover point for migratory birds, numerous species of shore birds
forage and nest on the adjacent beeches, salmon and salmonoids transit through the harbour on their
way to and from the tributary rivers to mention just a few functions this estuary provides. This estuary is
typical of the “drowned riverbed estuaries found along the south west shore of the Gulf of St Laurence.
They are shallow water systems (mostly 1-5m) with sand dune barrier beaches and with soft-bottom
communities typically dominated by Zostera marina L.” (Watt, Garbary & Longtin 2009)

Given the ecological value of these estuaries it is important to ensure that activities within them can be
conducted without serious disruption of those species dependant on the estuaries for their
reproduction, feeding, and other life cycle functions. While there has been no prior study of Antigonish
Harbour related to the interaction of oyster aquaculture operations and wildlife the following study is
relevant and applies to a similar estuary in the gulf region.

Habitat Management Qualitative Risk Assessment: water Column Oyster Aquaculture in New
Brunswick 2007 Daigle, Hardy & Robichaud

“An Ecological Risk Assessment and a Net Ecological Benefit Analysis are used to make determinations
as to the effects and functions, respectively, of water column oyster aquaculture in gulf NB. Using the
risk assessment, we conclude that the overall “scale of potential negative effects” of water column
oyster aquaculture and the “sensitivity of fish and fish habitat” correspond to low-risk activity which is
not likely to significantly harm the productive capacity or the ecological integrity of fish habitat.
Moreover, our analysis suggests that oysters in aquaculture can potentially be of significant benefit to
these estuaries and can help to restore many important ecological functions which were reduced
following the historical decline of natural populations.”

“The geographic area for which the risk assessment was needed in Gulf New Brunswick (N.B.), but could
also apply to Prince Edward Island (P.E.l.) and gulf Nova Scotia (N.S.).”

This study is lengthy but essentially it concludes that off-bottom oyster aquaculture operations do not
impose significant negative impacts on fish and fish habitat. Reasons for this include the following.
“Some authors have proposed that the aquaculture equipment itself, and other structures, may
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contribute to estuarine productivity by creating hard substrate...” “Aquaculture gear increased habitat
complexity and supported higher abundances of organisms than non-vegetated seabed: this was
determined to be particularly beneficial to recreational and commercial fish and invertebrate species in
their early life stages. DeAlteris et al. (2004) concluded that the relative habitat value of aquaculture
gear is at least equivalent to submerged aquatic vegetation.”

The referenced study should satisfy concerns related to fish, aquatic plants, and invertebrates. Potential
impacts of suspended oyster aquaculture on seabirds and shore birds has been less studied maybe
because these species have not demonstrated significant impact from suspended oyster aquaculture.
However, the study titled Bivalve aquaculture in estuaries: Review and synthesis of oyster culture
effects by Forrest et al relates in part interaction of raised intertidal oyster aquaculture gear with
seabirds and shore birds. Granted intertidal gear is not the same as suspended aquaculture gear but
some of the interactions may be similar.

The study states “In contrast, the few other published studies directly investigating interactions
between elevated oyster culture and birds provide little evidence for significant adverse effects.” Also
stated is “When the range of effects is considered as a whole it could be argued that some nominally
adverse effects may be compensated to some extent by more positive effects. For example, although
natural seabed sediments and benthos may be altered beneath cultivation structures, benthic
production may increase. Together with the creation of novel habitat, such changes may benefit some
fish and bird species and provide a range of other beneficial ecosystem services such as local
enhancement of biodiversity.”

Another study called Oyster farming and shorebirds likely can coexist from Rutgers University states
“the study showed foraging rates were mostly influenced by environmental conditions, especially the
presence of gulls or other shorebirds. None of the four bird species of concern substantially altered their
foraging behavior due to the presence of tended or untended oyster aquaculture.” Given that this study
only considered intertidal operations and the proposed farm is suspended and not intertidal the
proposed farm would have much greater separation from foraging shorebirds so logically the impact
would be even less or totally non-existent.

The greatest opportunity for interaction between birds and the proposed farm is a result of roosting on
the floating growth units and associated bouys. We see no issue with birds roosting on bouys associated
with this operation. The opportunity to roost on these structures may even provide benefit to the birds.
The issue of birds roosting on growth units is however a concern from a farm operation perspective
because as they roost, they defecate onto the oysters below. This is a potential food safety issue and it
presents a public perception challenge for the farmer and the industry. Our development of the BOBR
growth unit, which will be used on this farm, considered this problem. BOBR growth units are almost
neutrally buoyant and cylindrical in shape. This combination results in a very unstable perch for birds
and insufficient buoyancy to support heavy birds such as cormorants. In seventeen months of trials at
ShanDaph Oyster farm in Merigomish Harbour with BOBR deployed adjacent to Oyster Gro and other
cage types no cormorants were observed roosting on BOBR units while they commonly roosted on the
adjacent gear. Furthermore, the negative image of accumulated bird feces cannot happen on BOBR
because the entire unit is always within the splash zone so if a bird were to roost on BOBR it would not
result in the unsightly mess that leads to this aspect of poor perception.

We believe the use of BOBR growth units largely mitigates the problem of interaction between seabirds
and floating growth units. As for the possibility of entanglements or predation of stock by birds we
consulted Robin Stewart, aquaculture consultant to First nations groups locally and in Cape Breton. He
confirmed no known instances of bird entanglement associated with suspended oyster aquaculture
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operations during his 40 years of industry involvement. When asked why he said, “birds don’t eat
oysters” and even if they did, they cannot access the oysters through the Vexar bags used in BOBR and
Oyster Gro cages. The problem with birds seeking a food source at shellfish aquaculture sites relates to
mussels not oysters.

Dr. Tony Miller professor emeritus from St FX came to our site on Wednesday Feb. 24, 2021. Tony is a
biology prof who studied Antigonish Harbour extensively for many decades and frequently canoes there
to study birds.

Tony came to my property on Wednesday for the afternoon and we spent 31/2 hours discussing our
farm plan and its potential impact on birds.

Points of note from this discussion are as follows;

1) Regarding Plovers on Dunn's Beach, Dr. Miller agrees they use the ocean side not the harbour side of
the beach and he did not see any problem with the proposed operation relative to plovers. He identified
the area used by Turns which is near the western tip of the beach, also sufficiently away from the lease
sites.

2) Regarding the Captain's Island site, Dr. Miller had no concerns. He brought up geese repeatedly but
always pointed out that they use the area between Captain's Island and Mahoney's Beach. Dr. Miller
said several times that he sees no reason our plan would present a problem for birds that use the
estuary.

Regarding disturbance during resting periods, farm operations are daytime only. Only during an
emergency or some other unusual circumstance would farm boats be present on the lease sites after
dark. As for noise issues, we have revised the design of the farm service vessel to remove the hydraulic
system associated with the tumble function and now rely only on the much quieter outboard motor to
provide the mechanical effort for this function. There will be a small HP motor to service the water
pump necessary for washdown functions. It will be enclosed, well muffled, four stroke and operated
only when water supply is necessary. The outboard motor will be well muffled, four stroke, and all
motors will be maintained to ensure mufflers are properly functioning. Crews will be instructed not to
rapidly approach congregations of seabirds and not to chase or harass birds.

Other wildlife management plan items intended to mitigate possible negative impacts on wildlife in or
near the proposed lease areas are as follows.

e Ensure no litter, including food scraps, is left or deposited in the coastal area.

e Ensure staff are aware of the importance of avoiding female eiders with brooding chicks, groups
of moulting eiders or flocks of staging or wintering birds. Vessels will reduce speed when in the
vicinity of flocks of birds.

e Ensure staff are well versed in the requirements of the Migratory Birds Convention Act and
associated regulations.

o Staff will be instructed not to disturb, harass, or chase congregated birds (waterfowl, geese,
cormorants, etc.) especially during January — March.

o No work will be performed on land on Dunn’s Beach and any of the corresponding parkland.
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e Report all wildlife mortalities associated with the proposed operation to the Department of
Lands and Forestry regional biologist, Harrison Moore, and any other appropriate agency within
5 business days.

e Place lines and configure units so that long lines run parallel to tidal currents and prevailing
winds to avoid overlap with the same area of vegetation especially eelgrass. See farm layout
drawings included in the application.

e Space rows of growth units a minimum of 3m apart and not to exceed 50% coverage of the
surface area of the lease.

e Locate off-bottom aquaculture structure away from high density (meadow) areas of eelgrass
cover. The study called Methods for Mapping and Monitoring Eelgrass habitiat in British
Columbia by Environment Canada states “a dense meadow of intertidal eelgrass may have a
density of 2000 shoots/m?” Dr. Barrell with DFO told us during a site visit the areas we have
proposed are not a meadow because the shoot density is in the 10’s/m?2. Please contact him to
discuss or access his report ...we don’t have it to share.

e Respect environmental and social standards as demonstrated by the Best Aquaculture Practices
Certification Standards, Guidelines for growing sites in Nova Scotia.

e Minimize sedimentation of the waterbody during all phases of the installation, operation, and
maintenance of the aquaculture facility.

e Design and install structures to maximize openings to increase light penetration.

e Develop and implement a response plan to avoid a spill of deleterious substance.

e Identify aquatic invasive species of concern and report any sightings to DFO.

e Carry out a post monitoring survey (1,3 and 5 years) including photos and video and
characterization of eelgrass vegetation within the aquaculture lease boundary and at a
reference site outside of the lease boundary. This will be done as part of the StFX study.

2) Baseline data for benthic invertebrates, vegetation, water quality etc.

We have been working with Dr. Garbary, head of the Aquatic Resources program at St FX to address this
issue in a broad and comprehensive manner. Below is the proposed study program we plan to
implement which should more than satisfy any related concerns. Essentially the study involves a pre-
farm survey to establish pre-farm conditions and then a three-year follow-up program to confirm actual
impacts, positive and negative. This is valuable science that will contribute to the knowledge base
related to environmental impacts of oyster aquaculture. Our involvement in the study will enable real-
time awareness of impacts allowing timely mitigation measures should the need arise.

The initial outline of this collaborative study between StFX, Town Point Oysters and potentially P is as
follows;
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Impact of Oyster Aquaculture on ecological sustainability of Antigonish and
Pomquet Harbours

David Garbary
Professor of Biology, St. Francis Xavier University
dgarbary@gmail.com

The project will start in 2021 and continue for four years. The primary objective will be to
evaluate the impact of two proposed Oyster aquaculture developments proposed for Antigonish
Harbour (Town Point Oysters) and in Pomquet Harbour (Paqtnkek Mi’Kmagq Nation). The
former is a moderate scale oyster farm with a footprint of 90 acres (= 2% of the harbour), and the
latter a smaller scale commercial development.

The objective of the research is to provide a state-of-the-art analysis of the impact of the oyster
farm facilities on the eelgrass and invertebrate communities that comprise one (Antigonish
Harbour alone) or both estuarine systems in light of the development of oyster aquaculture.

Estuaries are ecosystems that integrate across diverse ecological habitats and biotas. On the
North Shore of Nova Scotia these systems are anchored by several key species or groups of
species: (1) eelgrass (and associated marine macroalgae); (2) shellfish (bivalves including
oysters, mussels and clams); (3) crustaceans (shrimp and crab); and (4) finfish (primarily
sticklebacks, mummichogs, and silversides). Most of these organisms live and grow either in the
water column or on the surface of the of the sediment and associated rocks. One assemblage of
organisms not included in the above are the animals associated with the sediments themselves
(i.e. infauna). A problematic assemblage of organisms is the non-native ‘invaders’, e.g. tunicates,
green crabs and Codium (a green seaweed). All three are known from Pomquet Harbour,
although only the first two have been found so far in Antigonish.

These natural inhabitants of the local estuaries will be impacted by the development of oyster
cultivation. The fundamental question that needs to be addressed is:

Will the development of oyster aquaculture have a serious negative impact both within
the limits of the farm itself and on the surrounding area. Alternatively, what is the
ecological footprint of the oyster farm?

-
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The extent to which negative effects will occur needs to be understood. Only by defining the
impacts can one then make appropriate farm management decisions, e.g, to mitigate impacts,
or to accept these impacts as minor perturbations of the local ecology.

It is also possible that oyster aquaculture will have positive impacts on the estuarine
ecosystems. Some of these potential benefits include the following:
(1) creating habitat diversity in and around the oyster cages;
(2) water clarification than can increase the overall production of eelgrass; and
(3) removal of a major eelgrass pathogen EWD (a slime mold) that destroyed eelgrass
populations in the 1930s.

The fact that Paqtnkek Mi’Kmaq Nation will be using a combination of traditional oyster grow
cages and the new technology (BOBR growth units) devised by DockPort Ltd, a sister company
to Town Point Oysters, provides a unique research opportunity. Thus, this research program will
compare the impacts of the two technologies in one estuary (i.e. Pomquet Harbour) and then
provide a realistic comparison of oyster cultivation in two adjacent estuaries of St. Georges Bay:
Antigonish and Pomquet Harbour. The proposed Town Point farm will use only BOBR growth
units.

This proposal is for a four-year study to evaluate an ecosystem prior to the start of oyster
cultivation, to evaluate it during the ramping up of oyster cultivation, and then to evaluate the
ecosystem at full production. Over this time period we will:

1) Evaluate the state of the eelgrass beds and associated macroalgae within the farm areas
and in adjacent areas (up to six sites in each harbour). This will require studies of growth
and reproduction of eelgrass at the various sites. We will monitor both above-ground
and below-ground biomass of the eelgrass. This evaluation will determine the extent of
negative impact to eelgrass within the farm sites, the extent of positive impact beyond
the farm sites and an assessment of the net benefit to the estuary relative to eelgrass.

2) Monitor eelgrass wasting disease to determine if oyster cultivation has a positive impact
by reducing the impact of the systemic parasite that causes the disease.

3) Examine the state of invertebrate fauna (i.e. shrimp, crabs, snails, etc.) at the study sites
along with animals that live in the sediments.

4) Quantify the distribution and abundance of invasive tunicates, green crabs and Codium
in the both harbours.

5) Compare the impacts of two different oyster grow technologies; and

6) Conduct water sampling for turbidity, chlorophyll, to determine if farm operations
provide a positive impact on water quality.
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Draft budget:

1)

3)

4)
5)
6)
7)

8)

Funding of undergraduate students for the period May to August @ $6000 per student.
Total $12,000 per year for four years = $48,000.

Funding for graduate student support @ $20,000 per year per student beginning in year
two. Ideally two graduate students will be involved, one to focus on the eelgrass and
seaweed side of the research; the second to focus on the animal side of the research.
$40,000 per for three years = $120,000

Travel will include trips to Antigonish Harbour and Pomquet Harbour at least twice per
week during summer @5$1500 per year for four years = $6,000

Collecting equipment and preservation of samples, $1000 per year = $4,000

YSI Chlorophyll/turbidity/temperature meter = $13,692

Subtotal = $191,692

Farm operator general cost for fuel, boat use, support labour 10% of above = $19,169
University overhead @ 25% of the above = $52,715

Total = $263,576 @$68,594 per year.



Note 1.

This is potentially a stand-alone project involving only Antigonish Harbour. The addition
of Pomquet Harbour would represent the hiring of an additional undergraduate student
in each year. Funding would be similar regardless of whether one or both estuaries were
studied. The addition of Pomquet Harbour would require an additional undergraduate
student for sampling that would be funding through other sources. Thus, some of these
undergraduates or graduate students might be acquiring financial support from other
agencies, e.g. NSERC, StFX scholarships, etc. This would allow for hiring additional
undergraduates.

| anticipate a research team of 2 undergraduates in year 1. In years 2, 3, and 4 there
would be 2 undergraduate students and two graduate students.

Note 2.

Some infrastructure would be required for the field sampling. | am presuming that
access to a small boat (with motor) would be provided by Town Point Oysters for
Antigonish Harbour and that some space bench with shelter would be provided at Town
Point for initial processing of samples. For the Pomquet Harbour sampling | would like
to arrange similar facilities with the farm management. Involvement of indivifuals from
Pagtnkek Mi’Kmaq Nation would have to be covered on an hourly basis.

Note 3.

While | will be the lead on this, Dr. Russell Wyeth will be involved in supervising students
who are involved in the animal side of the analysis.

3) Information
a) Effects of de-fouling on local water quality, species etc.

TPO does not intend to use chemical de-fouling, only natural processes such as desiccation or heated
seawater dipping for de-fouling growth units and stock. Therefore, only materials from the harbour will
be returned to the harbour through de-fouling operations.

It is our plan to enable more frequent de-fouling of BOBR units than is practical with Oyster Gro or
similar systems by using our service vessel called “Oyster-Matic” which is part of the BOBR growth
system developed by our sister company DockPort Ltd. This system mechanizes the common husbandry
tasks of tumbling, sorting, de-fouling, harvesting, sinking, and raising the BOBR growth units. Because
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the time and cost associated with each of these tasks will be comparatively much lower than the same
tasks with competing systems frequency of operations may be increased without adversely effecting the
input production costs. More frequent de-fouling and tumbling will produce a superior product that
should get to market more quickly.

The de-fouling process will involve pressure washing and a 12 second heat dip. This operation will be
conducted on the lease sites without the need for removing bags from the lines.

The removed fouling organisms with be returned to the water as is the case with Oyster Gro and most
other systems. Regarding the impact of this returned material on the benthic environment, species etc.
the following article addresses the matter.

The effect of floating bag management strategies on biofouling, oyster growth and biodeposition
levels by A. Mallet et al

This study states “Overall, there was no indication that floating bag oyster culture, even in cases where
the bags were heavily fouled, significantly increased biodeposition levels relative to the reference sites.”

The study titled Habitat Management Qualitative Risk Assessment: Water Column Oyster Aquaculture
in New Brunswick By Daigle, Robichaud & Hardy states the following on page 40.

“In the case of water column aquaculture, studies on sedimentation rates in St. Simon Bay N.B. showed
that deposition rates increased at culture sites possibly from the oysters, fouling organisms and
hydrodynamic effects of equipment (Mallet et al 2006). However, the mean organic content of the
sediment deposited at the oyster table site (20.2%) was not significantly different from the Floating Bag
(21.8%) or the Reference sites (21.8%) (Mallet et al 2006). The authors suggest that the lack of
enrichment of the sediments indicated that the organic matter in the bio deposits was not being
incorporated into the sediments and was either washed away and/or rapidly processed by the benthos
community.”

On page 41 “Therefore, there is no indication to date of significant or adverse effects associated with
the increase in biodeposition under water column oyster aquaculture sites in N.B.”

Regarding the effect of de-fouling operations on local water quality, no studies specific to this topic were
found, perhaps because it has not been identified as a serious concern. This particular task is occasional
not continuous, however the ongoing beneficial effect from oysters throughout the farm filtering and
clarifying the water may be considered to be more substantial than the occasional and isolated effect of
the de-fouling process. The following article refers to these effects beneficial to water quality.

Modelling carrying capacity of bivalve aquaculture: a review of definitions and methods, Filgueira et al

“For example, it is predicted that the increase of water clarity from bivalve aquaculture and/or
oyster restoration may lead to an increased biomass of submerged aquatic vegetation (Newell
and Koch 2004; Cerco and Noel 2007; Wall et al. 2008). A recent study conducted in Atlantic
Canada showed a positive relationship between farmed oyster biomass and eelgrass (Zostera
marina) biomass (Andrea Locke, personal communication). In addition to the direct effect on
benthic habitat caused by the proliferation of submerged aquatic vegetation, a reduction of
phytoplankton production in the water column is expected, due to the direct competition for
nutrients (Souchu et al. 2001; Newell 2004; Porter et al. 2004).”
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b) Noise from farm — effects on birds and any other potentially impacted wildlife.

The proposed operation is a low intensity operation where the vast majority of operational time
involves very slow speed (walking speed or slower) boat travel and typically one boat per lease area.
Transiting to and from lease sites to shore involves normal travel speed, however our BOBR growth
system allows husbandry tasks to be conducted on the lease sites without moving bags of product to
shore. So far fewer shore trips than most farms.

c) Impacts for birds etc. where potential impacts may be caused by suspended oysters, noise, and the
effects bird waste has on oyster quality if nearby.

Potential impacts of suspended oyster aquaculture on seabirds and shore birds has been less studied
likely because the associated risks are far less prevalent. However, the study titled Bivalve aquaculture
in estuaries: Review and synthesis of oyster culture effects by Forrest et al relates in part interaction of
raised intertidal oyster aquaculture gear with seabirds and shore birds. Granted intertidal gear is not the
same as suspended aquaculture gear but some of the interactions may be similar.

The study states “In contrast, the few other published studies directly investigating interactions
between elevated oyster culture and birds provide little evidence for significant adverse effects.” Also
stated is “When the range of effects is considered as a whole it could be argued that some nominally
adverse effects may be compensated to some extent by more positive effects. For example, although
natural seabed sediments and benthos may be altered beneath cultivation structures, benthic
production may increase. Together with the creation of novel habitat, such changes may benefit some
fish and bird species and provide a range of other beneficial ecosystem services such as local
enhancement of biodiversity.”

Another study called Oyster farming and shorebirds likely can coexist from Rutgers University states
“the study showed foraging rates were mostly influenced by environmental conditions, especially the
presence of gulls or other shorebirds. None of the four bird species of concern substantially altered their
foraging behavior due to the presence of tended or untended oyster aquaculture.” Given that this study
only considered intertidal operations and the proposed farm is suspended and not intertidal the
proposed farm would have much greater separation from foraging shorebirds so logically the impact
would be even less or totally non-existent.

The greatest opportunity for interaction between birds and the proposed farm is a result of roosting on
the floating growth units and associated bouys. We see no issue with birds roosting on bouys associated
with this operation. The opportunity to roost on these structures may even provide benefit to the birds.
The issue of birds roosting on growth units is however a concern from a farm operation perspective
because as they roost, they defecate onto the oysters below. This is a potential food safety issue and it
presents a public perception challenge for the farmer and the industry. Our development of the BOBR
growth unit, which will be used on this farm, considered this problem. BOBR growth units are almost
neutrally buoyant and cylindrical in shape. This combination results in a very unstable perch for birds
and insufficient buoyancy to support heavy birds such as cormorants. In seventeen months of trials at
ShanDaph Oyster farm in Merigomish Harbour with BOBR deployed adjacent to Oyster Gro and other
cage types no cormorants were observed roosting on BOBR units while they commonly roosted on the
adjacent gear. Furthermore, the negative image of accumulated bird feces cannot happen on BOBR
because the entire unit is always within the splash zone so if a bird were to roost on BOBR it would not
result in the unsightly mess that leads to this aspect of poor perception.
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We believe the use of BOBR growth units largely mitigates the problem of interaction between seabirds
and floating growth units. As for the possibility of entanglements or predation of stock by birds we
consulted Robin Stewart, aquaculture consultant to First nations groups locally and in Cape Breton. He
confirmed no known instances of bird entanglement associated with suspended oyster aquaculture
operations during his 40 years of industry involvement. When asked why he said, “birds don’t eat
oysters” and even if they did, they cannot access the oysters through the Vexar bags used in BOBR and
Oyster Gro cages. The problem with birds seeking a food source at shellfish aquaculture sites relates to
mussels not oysters.

Regarding disturbance during resting periods, farm operations are daytime only. Only during an
emergency or some other unusual circumstance would farm boats be present on the lease sites. As for
noise issues, we have revised the design of the farm service vessel to remove the hydraulic system
associated with the tumble function and now rely only on the much quitter outboard motor to provide
the mechanical effort for this function. There will be a small HP motor to service the water pump
necessary for washdown functions. It will be enclosed, well muffled, four stroke, and operated only
when water supply is necessary. The outboard motor will be well muffled, four stroke, and all motors
will be maintained to ensure mufflers are properly functioning. Crews will be instructed not to rapidly
approach congregations of seabirds and not to chase or harass birds.

d) Possible effects on eelgrass and baseline data on current extent of eelgrass.

Any loss of eelgrass in Antigonish Harbour would be considered a negative impact. An on-site
eelgrass survey was conducted by Department of Fisheries and Oceans (DFO) scientists. A
DFO scientist noted that the oyster farm will likely have a positive impact on the overall health of
the eelgrass in the harbour due to reduced turbidity of the water. There is potential for reduced
growth directly under the BOBR growth units due to shading; however, feedback from this DFO
scientist noted that the net effect more broadly is likely to be beneficial. Additionally, the design
of the growth units TPO will use minimizes the shading of sunlight on the eelgrass below growth
units. TPO’s growth units will cover only 0.1% of the

harbour surface area.

Antigonish Harbour is 4,400 acres. TPO’s proposed lease sites comprise 90.3 acres which is
2% of the harbour. However, the growth units occupy less than 4% of lease areas. Therefore,
the portion of Antigonish Harbour covered by growth units will be about 0.1%.

An article cited below asserts that eelgrass can benefit from co-culture with oysters, as this co-
culture was shown to reduce the severity of Eelgrass Wasting Disease (EWD) by filtering out
pathogens that cause EWD. According to this article, operations such as the proposed farm
may reduce the chance of disease outbreak by filtering more of the pathogens that cause EWD.
EWD is caused by a pathogenic slime mold, “Labyrinthula”, which is present in Antigonish
Harbour. This pathogen was responsible for the decimation of eelgrass in the

1930"s. Subsequently, stocks rebounded until the early 2000"s when the arrival of the Green
Crab, led to another decimation.

“Oysters and eelgrass: potential partners in a high pCO2 ocean” Ecology, Maya L.
Groner, Colleen A. Burge, Ruth Cox, Natalie D. Rivlin, Mo Turner, Kathryn L. Van
Alstyne, Sandy Wyllie-Echeverria, John Bucci, Philip Staudigel, Carolyn S. Friedman



https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/ecy.2393
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“In conclusion, our study provides preliminary evidence to suggest that eelgrass and possibly
oysters could benefit from co-culture under projected pCO2 conditions”

“Effects of Bivalve Aquaculture on the Environment and Their Possible Mitigation: A
Review” Fisheries and Aquaculture Journal, Daria Gallardi

"The functions of water clarification and bio deposition that characterize filter-feeding bivalves
are valuable providers of ecological services to shallow water ecosystems. Bivalves help buffer
estuaries and coastal ocean waters against excessive phytoplankton blooms in response

to anthropogenic loading of nitrogen, counteracting the symptoms of eutrophication; they also
remove inorganic sediments from suspension, counteracting coastal water turbidity. The
biodeposition created by mussels and oysters, through the creation of sediment anoxic
microzones where denitrifying bacteria are promoted, induce denitrification, which also help to
counteract eutrophication by returning nitrogen into the atmosphere as inert nitrogen gas
[3,8,9,39,40]. Moreover, the enhancement of water clarity due to filtration allows deeper light
penetration and therefore can increase the growth of seagrasses that are important nursery
habitat for many fish, crustaceans and molluscs; bivalves are therefore capable of

enhancing estuarine nursery habitats [9,40,41]. These natural functions of bivalves can be
employed in aquaculture not only to mitigate the environmental effects of the culture, but also to
create added value and services for the surrounding environment.”

“Bivalve aquaculture and eelgrass: A global meta-analysis” Aquaculture, Bridget E. Ferriss,
Letitia L. Conway-Cranos, Beth L.Sanderson, Laura Hoberecht

“These analyses suggest the response of eelgrass to bivalve aquaculture varies depending on
eelgrass characteristics, grow-out approaches, and harvesting methods, with potential
regionally specific relationships. Questions remain, regarding how this dynamic relationship
between eelgrass and aquaculture habitat relates to ecological functions and services in the
nearshore environment.”

As discussed, we would welcome a meeting with NSDLF to discuss the concerns they have expressed
and to explore ways to mitigate these concerns.
Best regards,

Ernie Porter, P.Eng., President

Town Point Consulting Inc.


https://research.library.mun.ca/8245/
https://research.library.mun.ca/8245/
https://www.sciencedirect.com/science/article/pii/S0044848618311797
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From: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Sent: March 9, 2021 11:47 AM

To: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>

Subject: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

Hi Louise,

I’'m the Aquaculture Advisor responsible for the American oyster lease applications listed above at NS Dept.
of Fisheries and Aquaculture.

We are wondering if you would be available to meet with the applicant regarding the lease applications for
oyster culture in Antigonish Harbour and your departments network agency review comments that we
submitted in response to application. . We are targeting a meeting time of sometime next week, 15-20
February, 2021.

The applicant has received your network agency review comments and would like to have an opportunity
to discuss the identified issues your department provided in your review.

Would you, and/or a representative(s) from your department, be available to meet with NSDFA and the
applicant via phone or Microsoft Teams, sometime next week to discuss the issues raised in your
departments network review of this application?

Thank you,

Lew

Lewis Clancey

Aquaculture Development Advisor
NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6™ Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839
lewis.clancey@novascotia.ca
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From: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>

Sent: March 9, 2021 1:08 PM

To: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Moore, Harrison M
<Harrison.Moore@novascotia.ca>

Subject: RE: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

Hello Lewis,

Thank you for contacting me.. | shared your request with our biology reviewer Harrison Moore. There were
a number of challenges with these applications. We would like to hold a meeting with you and Nathaniel to
discuss these applications without the applicant. We would like to discuss the types/quality of information
we are looking for and to hear your thoughts as well. Most days next week look good for me. I’'m not sure
what days would work best for Harrison.

Warm Regards,

Louise

Louise Boudreau

Policy Analyst

Department of Lands and Forestry

Founders Square |1701 Hollis Street, 3™ Floor | Halifax, NS B3J 2T9 |
424-3530
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From: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Sent: March 11,2021 11:37 AM

To: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Moore, Harrison M
<Harrison.Moore@novascotia.ca>

Subject: RE: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

Thanks Louise,

We'd be happy to meet with you and Harrison. We’d like to propose Thursday March 18, 2021 between
9:00 and 11:00 AM as time to meet to discuss these files.

Please let us know if that date/time would be convenient for you and Harrison.

Thanks,
Lew

Lewis Clancey

Aquaculture Development Advisor
NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6 Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839
lewis.clancey@novascotia.ca
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From: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>

Sent: March 11, 2021 11:40 AM

To: Clancey, Lewis <Lewis.Clancey@novascotia.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>; Moore, Harrison M
<Harrison.Moore@novascotia.ca>

Subject: RE: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

Hi Lew,

Thanks so much for accepting our proposal. Next Thursday morning is good for me. Anytime after 9:30. I'll
let Harrison respond to let you know if this time works for him as well.

Warm Regards,

Louise

Louise Boudreau

Policy Analyst

Department of Lands and Forestry

Founders Square |1701 Hollis Street, 3™ Floor | Halifax, NS B3J 2T9 |
424-3530
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From: Moore, Harrison M <Harrison.Moore@novascotia.ca>

Sent: March 11,2021 11:41 AM

To: Boudreau, Louise O <Louise.Boudreau@novascotia.ca>; Clancey, Lewis <Lewis.Clancey@novascotia.ca>
Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>

Subject: RE: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

9:30 is fine for me.

Harrison Moore, M.Sc
Regional Biologist
Lands and Forestry, N.S.
(902)-497-4119
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From: Clancey, Lewis

Sent: March 11,2021 11:42 AM

To: Moore, Harrison M <Harrison.Moore@novascotia.ca>; Boudreau, Louise O
<Louise.Boudreau@novascotia.ca>

Cc: Feindel, Nathaniel J <Nathaniel.Feindel@novascotia.ca>

Subject: RE: Aquaculture Lease Application #'s 1442, 1443, 1444, Town Point Consulting Inc.

Great, thanks everyone.

I'll set up a Teams meeting and send out the meeting notice.

Thanks,
Lew
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Clancey, Lewis
To: Feindel, Nathaniel J; Boudreau, Louise O; Moore, Harrison M

Subject: From: Town Point Oyster Ltd. Network Review Discussion NSL&F

Start: March 18, 2021 9:30:00 AM
End: March 18, 2021 11:30:00 AM

Meeting to discuss review of Town Point Oyster Lease applications.

Microsoft Teams meeting

Join on your computer or mobile app

Click here to join the meeting <https://teams.microsoft.com/l/meetup-

join/19%3ameeting NTEjMTV;MWUM2J1ZS00ZGImLT gzMTMINDFmNZzFjZWEONjMz%40thread.v2/0?
context=2%7b%22Tid%22%3a%228eb23313-ce75-4345-a56a-297a2412b4db%22%2c%2201d%22%3a%2202f00a57-63df-48e7-8e3d-
328bbc173¢b2%22%7d>

Join with a video conferencing device

20014895@t.plem.ve

Video Conference ID: 113 703 507 1

Alternate VTC dialing instructions <https://dialin.plcm.vc/teams/?key=20014895&conf=1137035071>

Learn More <https://aka.ms/JoinTeamsMeeting> | Help <https://support.microsoft.com/en-us/office/join-a-meeting-without-a-teams-account-c6efc38f-
4e03-4e79-b28f-e65a4c039508?ui=en-us&rs=en-us&ad=us#IDOEBBAA A=Mobile> | Meeting options
<https://teams.microsoft.com/meetingOptions/?organizerld=02f00a57-63df-48e7-8e3d-328bbc1 73cb2 &tenantld=8eb23313-ce75-4345-a56a-
297a2412b4db&threadld=19 meeting NTFiMTVjMWUM2J1ZS00ZGImLTgzMTMINDFmNzFjZWEONjMz@thread.v2&messageld=0&language=en-
Us>
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From: Clancey, Lewis

Sent: April 7,2021 2:14 PM

To: Moore, Harrison M <Harrison.Moore@novascotia.ca>

Cc: Spencer, Amanda L <Amanda.Spencer@novascotia.ca>

Subject: Town Point Oysters, Antigonish lease application information.

Hi Harrison,

With regard to the Antigonish oyster lease applications and our recent telephone discussion, I've included
some further information for your review.

Please see attached.

The proponent, Town Point Oysters, has provided a written response to some of NS Lands and Forestry’s
concerns and comments, and included a list of citations at the end of the document.

A folder containing zip file copies of the aquaculture papers and studies cited is also attached for your
information and review.

Please feel free to call me anytime should you wish to discuss any of the information.

Thanks,
Lew

Lewis Clancey

Aquaculture Development Advisor
NS Dept. of Fisheries and Aquaculture
1800 Argyle St.

WTCC 6™ Floor, Suite 604,

Halifax, NS

B3J2R5

902 956 3839
lewis.clancey@novascotia.ca

Attachments Below:
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Preface

Field Methods for Mapping and Monitoring Eelgrass Habitat in British Columbia was designed to
provide readers with a basic understanding of eelgrass (Zostera marina L.) ecology and to
provide a standardized set of methods to map, classify, and monitor eelgrass habitat on a local
level. The mapping and monitoring system described herein enables community groups and
other agencies to contribute consistent and reliable data to a central database.

The manual will be expanded to include a series of monitoring protocols to study various faunal
assemblages within eelgrass beds (e.g. fish, zooplankton, and invertebrates). All contributions
and comments will be welcomed and acknowledged.
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1.0 Introduction

Land use changes and developments have led to a loss of natural estuarine habitat in British
Columbia. Agriculture, forestry, and dredging for commercial and residential development have
all contributed to the loss. It is anticipated that the pressure to modify natural estuarine habitat for
the development of commercial facilities and residential units within coastal areas will intensify in
the near future. It is therefore necessary to identify, classify, quantify, and develop a scientifically
defensible management strategy for estuarine habitat in order to protect and maintain these
valuable areas.

Eelgrass (Zostera marina L.) meadows represent one of the habitat types that are threatened by
estuarine development. Various types of disturbance in coastal and estuarine environments have
led to a decline in seagrass abundance around the world (Short & Wyllie-Echeverria, 1996).
Losses in Chesapeake Bay, United States, have resulted from impaired water quality caused by
upland development, agriculture, and shoreline development (Orth & Moore, 1983, Dennison et
al. 1993). Pollution induced seagrass declines have been documented in the Mediterranean and
along the Atlantic coast of Europe (Nienhuis 1983; Hanekom & Baird 1988; Giesen et al. 1990;
Short et al. 1991; Dedong & DeJong 1992; den Hartog 1994).

Seagrasses, including eelgrass, have been used as indicators of nearshore ecosystem health in
many areas of the world (Sewell et al., 2002). In Chesapeake Bay, a submerged vegetation
monitoring program (eelgrass & freshwater vascular plants) identified a link between decreased
productivity within the Bay and degraded water quality from upland watershed activities (Orth &
Moore, 1983). The data was used to enact legislation to restrict the activities responsible for the
impairment of water quality, which was successful in reversing the trend of vegetation loss
(Dennison et al., 1983).

Eelgrass provides critical habitat for numerous species including; outmigrating juvenile salmon
(Oncorhynchus spp.), Pacific herring (Clupea harengus), Dungeness crab (Cancer magister), and
black brant (Branta bernicla) (Norris & Wyllie-Echeverria, 2001). The productivity of eelgrass
meadows rivals that of cultivated tropical agriculture (Zieman & Wetzel, 1998). Research in
Denmark discovered that detritus, primarily derived from eelgrass, was the basic source of
nutrition for animals in Danish coastal waters, and that the historic abundance of fish in Denmark
was mainly due to eelgrass (Phillips, 1984). The leaves of eelgrass baffle currents, reducing
water velocity and promoting sedimentation. The root-rhizome network forms an interlocking
matrix, which binds sediment and restricts erosion (Phillips, 1984).

A study by Helfferich and McRoy in 1978 calculated the U.S. dollar value of eelgrass meadows to
be $12,325.00 per acre per year based on its contribution to commercial and recreational
fisheries and hunting.

The governments of many countries including the United States, Australia, New Zealand, South
Africa, and Britain have recognized the value of seagrass habitat and have implemented
seagrass mapping and monitoring programs. These programs involve locating and mapping
seagrass communities, usually through analysis of aerial photographs, followed by detailed
monitoring of specific sites on the ground. The costs associated with these types of inventories
are prohibitive in British Columbia at this time.

Eelgrass has been mapped in several areas of British Columbia, by various groups, using various
methods. The majority of the eelgrass mapping information (e.g. herring spawn surveys) was
completed in the late 1970s, and may not reflect current conditions.

Environment Canada commissioned the following report to provide the necessary understanding
of eelgrass ecology and mapping methodologies to identify, classify, and quantify eelgrass habitat
in British Columbia on a local level. The mapping and monitoring system enables local groups
and organizations to contribute consistent and reliable data to a central database.
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An interactive data entry tool has been developed for this purpose, and is available on the
Community Mapping Network website (http://www.shim.bc.ca/eelgrass/main.htm). The data that
are collected will be integrated into a larger scale province wide inventory. It is hoped that this
information will promote the development of a comprehensive eelgrass mapping and monitoring
strategy for British Columbia that may be used to protect eelgrass habitat.

2.0 Eelgrass Ecology

Eelgrass meadows are naturally highly dynamic systems, often changing from year to year or
from season to season, reflecting changes in the environment. It is important to understand the
natural variability within these ecosystems, in order to avoid false conclusions when assessing
changes over time. The following sections were designed to provide an overview of eelgrass
ecology and an appreciation for the inherent natural variability both within and between meadows.

Reproduction

Eelgrass reproduces both sexually (seeds) and asexually (branching). The plants flower annually
and produce many viable seeds; however very few successfully mature into plants. The flowers
are produced on reproductive shoots that develop from vegetative shoots. Once the seeds have
developed, the shoot begins to senesce, breaks free from the rhizome, and floats away. Detailed
monitoring of eelgrass densities should include enumeration of flowering shoots as well as
vegetative shoots, due to the ephemeral nature of the flowering shoots.

Eelgrass reproduces vegetatively by forming new shoots at the base of the parent shoot. The
rhizome branches, allowing the new shoot to grow away from the parent shoot. A single plant
may have numerous shoots connected via a single branched rhizome. As time passes, older
rhizomes decay, so that one plant eventually becomes two or more plants. An eelgrass meadow
could, in theory, be composed of many shoots that originated from a single individual.

Species and Ecotypes

There are two species of eelgrass in British Columbia; the native species Zostera marina and the
introduced species Zostera japonica. It is believed that Z. japonica was accidentally introduced
with oyster spat brought from Japan to aquaculture sites in Washington State (Harrison, 1976).
The introduced species is generally smaller and can tolerate exposure (due to its morphology)
better than the native species. The introduced species can not compete with the native species
due to its smaller size, thus it is not a threat to the native eelgrass. Z. japonica is often found
adjacent to, or intermixed with, Z. marina at higher elevations. The information provided for
eelgrass in this document relates specifically to Z. marina although it could be easily modified to
study populations or meadows of Z. japonica.

The leaf length and width of both species varies with depth; as depth increases leaf length and
width increases. The leaf length and width of intertidal Z. marina is often within the range of Z.
japonica. Fortunately, the two species have different types of sheaths; this enables one to easily
differentiate the species. Z. marina has an entire sheath, it is closed to the base; when the lower
leaves are slowly pulled in opposite directions the sheath will tear. The sheath of Z. japonica is
open to the base; thus the sheath parts rather than tears when stress is applied.

It has been proposed that there are races, or ecotypes of Z. marina that account for part of the
morphological variation (Beckman 1984). It is possible that three of the ecotypes occur in British
Columbia. The attributes associated with each ecotype are summarized in Table 1.


http://www.shim.bc.ca/eelgrass/main.htm)

Table 1. The habitat and morphological attributes associated with the three ecotypes of Zostera
marina common in British Columbia. (adapted from Backman, 1984)

Ecotype | Relative leaf Leaf Depth range Seasonal variation in Current
size width (m) size tolerance
(mm)
typica narrow 2to5 primarily intertidal | small variation low
phillipsi intermediate 4t015 | Oto-4 large, plant length moderate
reduced in winter
latifolia large 12t020 | -0.5t0-10 minimal variation strongest

An eelgrass meadow may contain one or more ecotype.

The smaller intertidal plants usually occur at a much greater density, due to their smaller size,
than those growing in deeper water. For example, a dense meadow of intertidal eelgrass may
have a density of 2000 shoots'm-2, while the adjacent subtidal habitat supports 120 shoots'm-.
The biomass (gm2) of the less dense subtidal plants can easily exceed that of the intertidal
plants due to the larger size of the individual shoots; a factor that must be taken into
consideration when sampling.

Cover

The aerial coverage of an eelgrass meadow reflects both the substrate and the hydrodynamic
regime. A quiescent environment with a sandy mud substrate generally supports a dense
continuous eelgrass bed with virtually 100% cover. The cover of eelgrass in areas subjected to
strong currents is typically patchy. Areas with heterogeneous substrate (mixture of fine and
coarse) also tend to be patchy.

Eelgrass meadows are spatially dynamic, the edges expand or recede in response to
environmental variables. Severe storms may damage or destroy entire meadows. Severe frost
(winter) and intense heat (summer) may also kill shoots exposed at low tide. Shifting sand (active
sediment bed movement) can have a significant effect on eelgrass distribution.

Density

The density of shoots within an eelgrass bed may be consistent throughout the bed or it may vary
in response to environmental parameters within the bed (currents, sediment type, depth,
turbidity). In addition, if several ecotypes are present the density will vary depending on the
distribution of each ecotype within the bed. In order to determine the mean density of shoots
within a bed, the investigator must first establish whether there is any sort of density zonation
within the bed, then design a sampling procedure to assess each zone independently.
Permanent transects are not recommended as repeated trampling may alter the density along the
transect, unless the site is surveyed at high tide using SCUBA or video. Additionally, permanent
transect markers collect floating debris and often result in sediment scour.

Environmental Requirements

The growth and distribution of eelgrass is influenced by salinity, sediment type, current velocity,
light availability, temperature, and pH. Temperature and pH are not usually restrictive along
coastal British Columbia. A summary of the range and optimal levels for each of these
parameters is provided in Table 2.



Table 2. Environmental requirements for vegetative growth of eelgrass (Phillips, 1974).

Parameter Range Optimum

salinity freshwater to 42 ppt 10 to 30 ppt
sediment type firm sand to soft mud mixed sand and mud
current velocity waves to stagnant water little wave action

gentle currents to 3.5 knots

light/depth 1.8 m above MLLW to —30 m MLLW to - 6.6 m
temperature -6 °C t0 40.5°C 10 °Cto 20 °C
pH 7.3t09.0 7.3109.0

MLLW- mean low low water ppt — parts per thousand

The literature reports that eelgrass is restricted to soft sediment; however it is often found in
areas with significant amounts of gravel and cobble in British Columbia. There are two known
areas where eelgrass has adapted to grow over hard substrate, one on rock in Port McNeil
(Durance), and one on cement blocks near Victoria (Austin).

The maximum depth to which eelgrass can grow at a specific location depends on the turbidity of
the water, since the amount of light that penetrates the water is reduced when turbidity increases.

3.0 Mapping and Monitoring Parameters

Eelgrass meadows possess many attributes that can be mapped and monitored to assess
changes over time and track ecosystem health. The parameters that are selected for study
depends on the objectives or goals of the study and the resources available. Monitoring specific
meadows, using scientific sampling methods, can provide the data required to detect and assess
environmental changes. There are many variables that are commonly measured to detect
changes in eelgrass populations or meadows and the environment. The following section
reviews the parameters that are frequently used to study eelgrass, and the value associated with
each.

Location

An inventory that locates and characterizes eelgrass beds provides a valuable tool that can be
used by various resource managers and assist with the development of Integrated Coastal Zone
Management plans. Fisheries and Oceans Canada has a policy of ‘no net loss’, thus proposed
development may not impact known eelgrass habitat unless it can be shown that adequate
compensation will be provided. Knowing the location of each eelgrass bed would therefore assist
in conservation.

Delineation

The delineation of eelgrass beds enables the detection of increases or decreases in area, or
range, over time that can be tracked. Losses may be used to detect environmental change, and
develop mitigation plans to prevent further degradation. In addition, any industry or development
that can be shown to impact eelgrass habitat may be forced by Fisheries and Oceans to provide
mitigation, restoration, or compensation.



Depth Distribution

The distribution of eelgrass across a bathymetric gradient is limited at the upper boundary by the
degree of exposure at low tide (desiccation) and by light limitations at the lower boundary. In
some cases substrate characteristics change with depth; this may also limit eelgrass distribution.
Degradation of water quality that results in increased turbidity (e.g. suspended solids, chlorophyll
A increases) leads to a decrease in the maximum depth possible for eelgrass survival. Trends in
the maximum depth distribution of eelgrass over time can be used as ‘a predictor of ecosystem
health’ (Dennison et al., 1983).

Shoot Density

Eelgrass shoot densities vary over time in response to environmental variables (natural and
anthropogenic) and are therefore useful indicators of environmental change (Phillips et al., 1983,
Olesen et al., 1994). The number of flowering shoots within the meadow is usually determined as
part of the density estimate since it may reflect- environmental change or stress, and because the
flowering shoots will senesce after they reach maturity, resulting in a decrease of total shoot
density.

Distribution

The maximum coverage of eelgrass at a specific site is strongly influenced by the hydrodynamic
setting. Quiescent bays tend to support homogenous eelgrass meadows, whereas areas that
experience stronger currents and active seabed movement tend to have a patchy eelgrass
distribution. The homogeneity of an eelgrass bed can also be reduced by anthropogenic
disturbances (shellfish harvesting, boat anchoring, dredging activity, trampling, etc.).

The integrity of an eelgrass bed may be threatened by fragmentation. The plants within
established eelgrass beds reduce currents, leading to increased sediment and organic detritus
deposition. The dense rhizome and root matrix of the plants, in conjunction with the enhanced
deposition rate assists in stabilization of the substrate. ‘If an established, continuous bed
becomes fragmented for any reason, the bed will tend to become less stable and more vulnerable
to the normal forces of erosion. Channels may form, the cover may become patchier and if the
trend continues, isolated patches will develop which are more likely to be washed away. It would
appear that there is a threshold of loss, below which destabilization and further losses of beds
can occur ‘(Holt et al., 1997).

Monitoring the homogeneity or patchiness of a meadow over time can help to identify impacts
and lead to the implementation of mitigation programs to prevent further loss.

Leaf Area Index (LAI)

Leaf area indices are often used to estimate the productivity of eelgrass and the amount of
habitat available for colonization by epifauna. The LAl is calculated according to the following
formula:

LAI = mean shoot length x mean shoot width x mean density of shoot /m?2

LAl is potentially more sensitive to environmental stress than is a parameter such as leaf width
since it integrates both density and area (Neckles, 1994).

Shoot Biomass

Mean shoot biomass (dry weight of plant material per unit area) estimates are commonly used to
assess the productivity of eelgrass beds and detect changes over time. The technique is



145

universally accepted, however it requires destructive sampling and equipment that may not be
available in all regions (ovens and scales).

Water Quality

The physical properties of seawater, especially in estuarine environments, fluctuate constantly in
response to tides, currents, and volume of fresh water inflow. Many eelgrass monitoring
programs incorporate environmental parameters into their study to provide a ‘snapshot’ of
conditions that may, in turn, provide clues to significant water quality differences (Sewell, 2001).

The environmental parameters that are included in several large scale eelgrass monitoring
projects are listed in Table 4. A brief summary of each program is provided in Appendix 1.

Table 4. Environmental variables included in several large scale eelgrass monitoring projects.

Parameter

Puget Sound
Submerged
Vegetation
Monitoring Project
SeagrassNet
European
Directorate Special
Areas of
Conservation
Program

~
1

Temperature

Salinity

Dissolved oxygen

Turbidity

Photosynthetically Active Radiation

N IN NI ININ~

Light parameters, back scatter, florescence

1
~
1

Surface sediment character

1
1
~

Nutrient Levels

4.0 Strategy

The following strategy integrates four levels of study to enable all interested parties to participate
in a large scale mapping effort. The level of detail that is selected to map and/or monitor an
eelgrass meadow will be dependant on the specific goal of the study and the resources available.
The use of standardized data dictionaries and data sheets ensures that all of the data that are
collected are useful and may be integrated into the interactive database and mapping website
(www.shim.bc.ca/maps.html).

The goals associated with each of the four levels, and a list of data required to achieve these
goals are summarized below. The set parameters that must be assessed in order to meet the
data requirements associated with each level are listed in Table 5. Details relating to the
requirements are provided in Section 5.
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Level 1
Goal: Conservation of intertidal eelgrass habitat

Requirements:
identify the location of intertidal eelgrass meadows
characterize the habitat within the intertidal area of the meadow

Level 2
Goal: Conservation of intertidal and subtidal eelgrass habitat

Requirements:
identify the location and area of all eelgrass meadows
characterize the habitat within the entire meadow

Level 3
Goal: Conservation of eelgrass meadows and early identification of habitat degradation or loss

Requirements:
identify the location and area of all eelgrass meadows
monitor eelgrass meadows to detect changes

Level 4

Goal: Conservation of eelgrass habitat and early identification of habitat degradation or loss and
environmental stressors

Requirements:
identify the location and area of all eelgrass meadows
monitor eelgrass meadows to detect changes
monitor changes in the surrounding environment water quality

Table 5. Minimum parameters to be assessed for each Level.

Parameter Level 1 Level 2 Level 3 Level 4

location of eelgrass meadows / / / /

overview of intertidal habitat /

~

overview of subtidal habitat

~

delineation of meadow(s)

maximum and minimum depth

distribution (degree of patchiness)

shoot density, including sexual status

Leaf Area Index (LAI)

N U N U N B N S

turbidity

salinity

Total Suspended Solids (TSS)

SN N N N NN NN~

chlorophyll A
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5.0 Methods

The following methods are based on protocols that have been employed to map and monitor
eelgrass communities. The methods are provided to enable groups or agencies to map eelgrass
in a consistent manner, and to contribute to a central database using a standardized data entry
form.

Mapping exercises should be completed during the summer, this will minimize the amount of
variation between beds that is due to seasonal change. Monitoring should also be conducted
during the summer, although the frequency of monitoring will depend on the resources of the
study team. Monitoring programs may collect data annually (summer), biannually (summer and
winter), or seasonally. Multiyear monitoring programs should be designed to ensure that field
surveys are conducted within two weeks of the calendar date (month and day) of the original
monitoring.

There are a minimum set of parameters associated with each level, however any of the
parameters from higher levels may be included a survey. For example, a group may elect to
complete a Level 1 survey but decide to collect shoot density data for the intertidal area with the
methods used for a Level 3 & 4 survey.

Strategies may be developed to suit the requirements of each sampling team by using
combination of levels. A recommended strategy is to map all eelgrass within a geographical area
at Level 2, and then to select several meadows of interest to monitor at Level 3 or 4 on a regular
basis. The meadows that are selected for monitoring would be in areas of potential
environmental concern and at least one that is in a relatively protected area to use as a reference
site.

A list of the equipment required for each level of study is provided in Appendix 2. Safety
considerations for working in intertidal and subtidal eelgrass beds are provided in Appendix 3.
Appendix 4 provides a suggested list of steps to complete each level of survey. A field datasheet
and a draft of the data entry form are included in Appendix 5.

Location of Eelgrass Beds — All Levels

The first step is to identify the location of local eelgrass beds. It may take several years to locate
all of the beds within a specific geographical area; depending on the time and resources that a
specific group or organization has to dedicate to the project.

There are many sources of information that may assist in identifying the location of eelgrass
beds. Sources that should be reviewed include: Herring Spawn Maps, Airphotos, Orthophotos,
and the Community Mapping Network website (www.shim.bc.ca/maps.html).

The locations of eelgrass beds may be identified through low tide surveys, community surveys,
diver surveys, and/or the use of a towed underwater video camera.

A survey of the low intertidal, conducted during the lowest daytime tides of the year, may be used
to identify the location of many local eelgrass meadows. A survey of this type would only detect
meadows that extend into the intertidal and would not provide information on the location of
meadows that are restricted to subtidal areas.

Information may be solicited from the community. Local residents can provide information on the
general locations of beds, which can later be assessed by the study team. The Shorekeepers
manual provides many suggestions for gathering information from the community
(http://www.pac.dfo-mpo.gc.ca/sci/protocol/shorekeepers/Guide/default.htm).

Diver surveys of the entire coastline are impractical, but may be used in areas where subtidal
eelgrass is suspected.


http://www.shim.bc.ca/maps.html)
http://www.pac.dfo-mpo.gc.ca/sci/protocol/shorekeepers/Guide/default.htm)
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A towed underwater video system can be used effectively to detect eelgrass beds. Underwater
cameras that feed information into an above water videorecorder are available for $300 (black &
white) and $1000 (colour). It is suggested that the habitat around —2 m to =5 m (chart datum) be
investigated, as most subtidal eelgrass beds will extend across this depth.

The boundary of an eelgrass bed may be difficult to establish. In some cases it is very distinct,
yet often the density of shoots slowly decreases around the perimeter. In order to be consistent,
the Puget Sound study decided that areas that supported a minimum density of one (1) shoot per
m? would be included in the bed. It is recommended that we adopt the same criteria. The edge
of the bed shall be defined as the point at which the density decreases below 1 shootm-,
beyond which it continues to decrease. In areas that support a patchy distribution of eelgrass,
there may be distances of several metres between patches. In these areas the edge of the bed
should be located at the outer edges of the first and last patch.

Preliminary testing suggests that a hand held GPS may be as accurate as a differential GPS for
mapping eelgrass beds. The results obtained by using a hand held (Garmin GPS 12XL without
differential) and a differential (Trimble Pathfinder Pro XR) GPS were compared in an intertidal
area of Comox Harbour. The two types of GPSs provided results within 1 metre of each other.
Bill Mather (Coast Guard, Bamfield) reports that he has found the accuracy of a hand held GPS
to be consistently within 5 metres on the sea, and frequently within 1 metre. Handheld GPSs
should only be used with 3D NAV available with the averaging function enabled for capturing
point data. Track logs can be used effectively to walk perimeters of beds. The locations may be
also be drawn on orthophotos, charts, cadastral maps, or TRIM sheets depending on the scales
at which these products are locally available.

Overview of Intertidal Habitat — All Levels

The data form provides a series of fields and categories to describe each bed. The fields include
form, distribution, density, and substrate type.

There are two basic forms of eelgrass beds in the Pacific Northwest; fringing beds that occur as
relatively narrow bands usually on gentle slopes, and more expansive beds that cover large areas
such as tidal flats.

The distribution of eelgrass within the bed will be recorded as either continuous or patchy.
Patchy beds are those that contain isolated groups or patches of plants. Beds, which are not
patchy, will be classified as continuous; a bed that has a few bare patches would rate the
continuous classification. A graphic representation of each distribution type is provided in
Appendix 6.

An estimate of the percent cover of eelgrass at low tide, according to the categories supplied on
the datasheet, is required. If the cover varies significantly then the primary, secondary, and, if
necessary, tertiary densities should be recorded. Similarly, the common substrates should be
recorded in order of dominance. If more than one percent cover class or substrate type is
present then the percentage that is occupied by each type should be recorded according to the
categories provided on the datasheet. Appendix 7 provides additional detail relating to percent
cover assessments.

Reference photographs of the exposed bed should be taken during each survey. The
photographs should include a site view and several close up photos of the eelgrass. An object,
such as a metre-stick or pencil should be included in each close-up photo to provide a scale
reference. Photographs should be taken from similar locations during subsequent surveys.

Overview of Subtidal Habitat— Levels 2, 3, and 4

The data required to provide an overview of the subtidal habitat mirrors that required to describe
intertidal habitat.
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Bed Delineation — Levels 2, 3, and 4

A GPS is used to georeference the boundaries of the eelgrass bed and create a polygon, which
may be used to determine the area covered by eelgrass. The boundaries of the bed may be
determined using; an aquaviewer, a diver or snorkler with weighted floats (Appendix 8), or a
towed underwater camera. The depth to which the aquaviewer may be used successfully would
depend on the turbidity of the water and the depth range of the eelgrass at each location.

GPS readings should be recorded at roughly 15 metre intervals around the perimeter of the bed.

The rules for defining boundaries and describing the bed follow those provided for intertidal
eelgrass meadows above.

A detailed protocol for using a GPS to map the perimeter of eelgrass beds will be included in a
subsequent version of this manual.

Maximum & Minimum Depth — Levels 3 & 4

The maximum and minimum depths should be determined when the bed is submerged. Divers
depth gauges may only be used if they are known to be accurate to +/- 0.2 metres. One of the
preferred methods is to have a weight attached to the end of a metre tape, which is lowered to a
diver at the deepest and most shallow edge of the eelgrass bed. The diver places the weight on
the bottom then tugs three times to notify the assistant on the boat that the line is in place. The
assistant checks to make sure that the line is taught and vertical then records the measurement.

It is important to record the exact time that the measurement is recorded so that the reading may
be adjusted to chart datum. Tidal heights over time may be downloaded from many sources
including http://tbone.biol.sc.edu/tide/sites_othernorth.html.

Distribution — Levels 3 & 4

The distribution and zonation of eelgrass within a bed must be assessed in order to select the
appropriate method for estimating shoot density.

Distribution

The distribution of eelgrass within the bed may be described as either patchy or continuous.
Patchy beds are those that contain isolated groups or patches of plants. Beds, which are not
patchy, will be classified as continuous; a bed that contains bare patches surrounded by eelgrass
would be classified as continuous. A graphic representation of each distribution is provided in
Appendix 6.

Zonation

The density and leaf size of eelgrass may be consistent throughout the bed, or may vary with
depth. Typically, there are two or three zones within the bed, each located along a slightly
different depth gradient. Each zone blends over several metres into the next; these areas are
referred to as transition areas. The density and size of the shoots is significantly different
between zones, therefore each zone must be sampled individually. Sampling should be
conducted outside of the transition areas. The zones should be classified numerically
starting with the uppermost zone. Zones that are less than 4 metres in width do not need to
be assessed. The width of each zone does not need to be recorded as the exact boundaries
are difficult, if not impossible to determine.


http://tbone.biol.sc.edu/tide/sites_othernorth.html

-
o

Environment Canada

It is necessary to determine the number of zones within a bed in order to establish the
number and location of transects to be sampled.

The following hypothetical description of an eelgrass bed is intended to provide the reader with an
understanding the zonation typical in British Columbia.

Zone 1 is a narrow band 8 metres wide, located in the low intertidal and shallow subtidal.
The zone is characterized by a sparse population of short eelgrass (length 25 cm, density
32 shoots/m?). Zone 1 blends into Zone 2, at a slightly lower elevation. The plants in
Zone 2 are larger and more dense (80 cm, 112 shoots/m? ) than in those located in Zone
1. Zone 2 is 50 metres in width. The majority of the bed is located in Zone 2. Zone 2
merges into a third zone of sparse but larger plants (160 cm, 20 shoots/m? ) as the depth
increases. Zone 3 is 10 metres wide.

Shoot Density

The protocol for density was designed to measure the mean density of shoots within the
vegetated areas of the bed. Shoot density needs to be quantified within each zone. A 0.25 m2
quadrat (50cm x 50 cm) should be used to assess density in most cases. This represents V4 of a
m2.

Intertidal eelgrass may reach densities in excess of 500 shoots0.25m=2. It is recommended that a
smaller quadrat (25cm x 25 cm) be used to monitor density once the number of shoots-0.25m-2
exceeds 100. A quadrat of this size represents 1/16 of a m2,

Continuous Eelgrass Meadows

A temporary transect using a metre tape or marked line should be established in each zone,
roughly parallel to the shore, along a depth continuum. The length of each transect should be
roughly 60% of the bed width, to a maximum of 60 metres. The transects should be centred in
the bed to avoid edge effects.

Predetermined random numbers will establish the location along either side of the transect where
quadrats should be placed. Initially, thirty quadrats should be assessed for density within each
zone. It will be necessary to determine the number of replicates (quadrats) that are required to
estimate the mean density of shoots on a site specific basis due to the natural variability within
eelgrass communities. The accepted method by which to accomplish this is to plot the running
mean. Sample size is adequate once the variation between samples, which decreases as the
number of samples increases, is reduced to 5%. It is likely that the number of replicates required
will be less, however this number of samples should be sufficient to determine the running mean.

The total number of shoots rooted in each quadrat should be recorded, along with the total
number of reproductive shoots in each quadrat. The number of vegetative shoots is calculated by
subtracting the number of reproductive shoots from the total number of shoots.

Patchy Eelgrass Beds

It is challenging to design a sampling method for patchy (fragmented) beds as the size and
distribution of patches will vary between and within sites. The following method may require
revision.

Establish a temporary transect line parallel to shore. Start at the zero metre mark and record the
length along the transect that is occupied by the first patch located under the transect line. If the
area of the patch exceeds 1m?, use a quadrat to determine the density (total number of shoots
rooted within the quadrat and number of reproductive shoots) within 0.25m?, avoiding the edges
of the patch. If the patch is greater than 6m2, monitor two quadrats within the patch. Attempts
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should be made to sample randomly, one method is to hover over the patch and allow the
quadrat to drop to the bottom, and sample wherever it lands. Follow the transect line recording
the distance that it travels over each patch, the distance between each patch, and the density
within patches >1m2,

Leaf Area Index (LAl)- Level 3 and 4

The mean leaf length and width can be determined from a random sample of 30 shoots. The
data may be collected at the same time as the density is assessed. In order to avoid sampling
only the largest shoots, measure the shoot located nearest to the upper right corner and the lower
left corner of the quadrat. Measure the leaf length from sheath to tip of the second oldest leaf
and the width near the middle of the leaf.

Calculate the LAI according to the following formula:

LAI = mean shoot length x mean shoot width x mean density of shoot /m?2
There are variations in the way that researchers measure LAI; some include the sheath, and
others measure each leaf. The above method was selected, as it requires the least amount of
time to calculate and can be used to provide a relative estimate of biomass.

Turbidity - Level 3 and 4

A secchi depth reading is recommended to assess turbidity.

Salinity - Level 4

A salinometer should be used to determine salinity, in parts per thousand (ppt).

Total Suspended Solids - Level 4

Water samples should be collected and taken to a local laboratory for analysis. The laboratory
will provide a specific protocol for collecting and storing the samples.

Chlorophyll A - Level 4

Water samples should be collected and taken to a local laboratory for analysis. The laboratory
will provide a specific protocol for collecting and storing the samples.
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Appendix 1 —- Summary of Several Seagrass Mapping
and Monitoring Programs

The following pages summarize several seagrass mapping and monitoring programs that have
been recently implemented. Additional information may be obtained from the website addresses
for each program.

Puget Sound Submerged Vegetation Monitoring Program

The objective of the Submerged Vegetation Monitoring Program is to ‘quantify the state resource
and its change over time’ (Sewell et al., 2001). The four goals established by the program are:

1. Capture Temporal Trends in Eelgrass Distribution and Abundance in Puget Sound

2. Summarize Temporal Trends over Puget Sound and subareas

3. Monitor vegetation parameters that are strong indicators of eelgrass extent and quality
4

Link stressors to abundance and distribution. Six “core” sites will be sampled each year,
and the remainder of Puget Sound will be sampled using rotational random sampling with
partial replacement.

The program reviewed the available methodologies suited to goal 1 and selected linear transect
sampling using a towed underwater video. Details are available in Norris et al., 2001a.

Methods that were considered and rejected included airborne remote sensing and colour air
photo interpretation. Airborne remote sensing was rejected as the accuracy associated with this
technique is +/- 40 feet which would not permit trend analysis, many of the beds in Puget Sound
are located on beaches <40 feet wide, and the deep edge of many beds would not be visible.
NOAA recommends using colour air photo interpretation, and stresses the importance of filming
under optimal conditions, which are not always available in the Pacific Northwest.

SeagrassNet

SeagrassNet is global monitoring program to investigate and document the status of seagrass
resources world wide and the threats to this important and imperilled marine ecosystem
(www.seagrassnet.org). The objectives of the program are to preserve seagrass ecosystems by
increasing scientific knowledge and public awareness of this threatened coastal resource. The
program began with seven countries in the Western Pacific and is expanding. The program uses
a globally applicable monitoring protocol and a web-based interactive database. Each site is
monitored on a quarterly basis.

The protocol involves determining distribution (including maximum and minimum depth), species
composition, and abundance (cover, canopy height, shoot density (reproductive status) and
above and below ground biomass) along permanent transects (parallel and perpendicular to the
shore).

Environmental data is collected as follows:
water temperature - continuous reading at deep and shallow stations using tidbit data loggers,

light levels - % surface light using a Hobo light sensor, meters record data for two weeks at the
time of each quarterly sampling, plus one land-based meter at a nearby location without shade,

salinity - water samples collected from three stations and analysed on a refractometer at a
laboratory

surface sediment characteristics — estimates of the sediment type at three points on each cross
transect and collect a core at each station on the primary transects



-
a

European Union Special Areas of Conservation

The European Union’s Habitat Directive and developments to the Oslo and Paris Convention
(OSPAR) lead to the creation of the Special Areas of Conservation (SAC) program. Eelgrass
beds were identified as one of the habitats of major importance. Experts from academic and
research institutes and nature conservation bodies compiled an Overview of Dynamics and
Sensitivity Characteristics for Conservation Management of Zostera Biotopes. The review
provides recommendations for mapping and monitoring.

The review states that “of the various monitoring techniques, airborne or sublittoral remote
sensing (including side scan sonar) can rapidly map the distribution of beds over a large area, but
must be ground-truthed by some other method. Underwater video and field observers (diving or
shore) must be used to provide information on plant condition and associated biological
community.”

The review recommends the following parameters need to be monitored to detect change in the
extent or health of eelgrass communities;

distribution and extent of eelgrass coverage

standing crop (biomass) and shoot density

condition of shoots (leaf length, sexual status)

occurrence of characteristic and representative species in the associated community
local water quality (turbidity, nutrient levels)

Details are available at http://www.english-nature.org.uk/uk-marine/
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Appendix 2 — Equipment

The following table lists the basic equipment that is required for each level of survey.

Equipment Level1 | Level 2 | Level 3 | Level 4
Eelgrass Field Datasheets / / / /
maps or orthophotos at an appropriate scale, tidetables / / / /
boat (motor or paddle) / / /
GPS / / /
50 or 100 metre measuring tape or line / /
50 cm x 50 cm quadrats / /
metre stick / /
secchi disk / /
salinometer / /
Dive gear, snorkel gear, aquaviewer, or underwater / /
camera

water quality sampling equipment /

Waterproof notebooks or paper are highly recommended; these are available from stores that sell
surveying equipment and some marine supply shops.

Quadrats may be constructed from any waterproof material. Local metal shops can usually make
them out of aluminium for about $30. Aluminium quadrats are formed by a thin piece of 1” wide
metal 2 metres in length that is bent to form a square and welded. Aluminium quadrats are
recommended, as they are durable, rust proof, and are negatively buoyant so that they will lie flat
on the substrate even if it is covered by water. Quadrats may also be made from wood or plastic
pipe, although these types are more cumbersome to use and have a tendency to float.

A plastic coated surveyors measuring tape works well for marking transects. Alternatively, a thick
nylon rope with labelled flagging tape to mark each metre may be constructed. The nylon tape
has a tendency to float, this can be remedied by inserting short (e.g. 1” lengths) of lead wire into
the rope at one metre intervals.

Secchi disks are used to measure the distance that one can see into the water, and to provide an
indication of the turbidity. A secchi disk is a round flat disk, usually about 12” in diameter, with a
cord attached in the centre. The surface of the disk is divided into four equal sized pie shaped
triangles. The triangles are coloured white and black alternatively. The disk is lowered into the
water and the depth at which it is no longer possible to distinguish the black from the white is
recorded. A secchi disk may be purchased from a scientific supply company or hand made.

Tidetables are recommended to assist with planning the survey. Tidetables may be downloaded
from http://tbone.biol.sc.edu/tide/sites_othernorth.html.
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Appendix 3 — Safety Considerations

Intertidal Safety

The intertidal is a relatively safe place to work, however one should always be aware of the
potential for injury. The most common cause of injury while working in and around intertidal
eelgrass beds is from walking. Rocks and even mud, when covered with algae may be slippery.
Rip rap (blasted rock that is often used as shore protection and to construct breakwaters), may be
unstable; be cautious when climbing over it. People are often tempted to walk barefoot in soft
glutinous mud, rather than loose their boots. However, broken shell embedded in the substrate
can be sharp and may cut bare feet. Neoprene booties or old running shoes (with socks because
the sand chaffs) work well.

Field work needs to be planned around the tides. On days when the low tide is less than 1 metre
you can usually start work 1.5 to 2.0 hours before low tide, and continue for an hour afterwards.
These times vary with other factors such as wind. If you are working around a headland, be sure
to watch the tide; your return access may become blocked after the tide turns.

Never work alone, and carry a cellular phone or VHF radio in case of emergency. If possible try
to include one member in each crew who has first aid certification. Always carry a first aid kit.

Bears and cougars frequent the backshore and sometimes intertidal areas in remote locations, so
stay alert and keep an eye on the backshore for visitors.

It is a good idea to carry drinking water, as fecal coliform contamination and beaver fever is
common in many of British Columbia’s streams and rivers.

Subtidal Safety

Boating

Safety regulations are available from the Canadian Coast Guard (www.ccg-gcc.cg.ca). The
Coast Guard is phasing in operator requirements over several years. Currently, anyone born
after April 1, 1983 must have a ‘proof of competency’ licence to legally operate a power boat.
After September 15, 2002, anyone operating a power boat less than 4 meters in length must have
a licence.

The safety regulations vary with size and type of boat. Boats (pleasure craft) less than six metres
in length must be equipped with at least one personal floatation device for each person on board.
Small motorized boats must also carry a paddle in case of engine failure or an anchor with 15
metres of rope, a bailer or manual pump, a 15 metre heaving line, a watertight flashlight or three
flares, a sound signalling device (whistle or air horn), and navigation lights after sunset.

A basic boating safety course is available free of charge, on line at http://www.boatsafe.com/

SCUBA

Anyone participating in a SCUBA survey must be certified. A dive flag must be readily visible to
warn boaters that divers are in the water. PADI recommends that a dive master be in attendance
whenever a diver is in the water. The Reefkeepers manual has a section on diving safety that is
available on line at http://www.pac.dfo-mpo.gc.ca/sci/protocol/reefkeepers/Guide/default.htm.
Divers and boat operators must be aware of each other’s actions, and the danger associated with
spinning propellers.
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Appendix 4 — Project Planning

The following information is provided as a guide to assist with planning and organizing a field
survey. Individual groups and organizations may want to modify the plan depending on the
number of people available to assist with the survey.

The first step is to gather the background information (see Section 5 — Location of eelgrass beds)
and review tide tables to select the best days for field work.

Level 1 Survey

1. Habitat Overview. Arrive on site within approximately 1 hour of low tide. Walk around
the perimeter of the bed, then through it with the datasheet, thinking about the form,
distribution, percent cover of eelgrass, and main substrate types in the bed. Avoid having
many people follow the same path as excessive trampling can kill the eelgrass. Complete
the Eelgrass Field Data Sheet — Section 1.

2. Georeference. Identify and map the edges of the bed with a GPS or on a map, airphoto,
orthophoto, or chart.

3. Take photographs.

Tasks 1, 2, and 3 may be completed concurrently if the study team has enough members. The
time required to complete a Level 1 survey will depend on the size of the study team and the area
of the bed. A two member team could complete a Level 1 survey of a bed 100 metres wide or
less within an hour.

Level 2 Survey

Intertidal areas of eelgrass beds should be surveyed at low tide as it will be much easier to
assess them. Subtidal areas may be surveyed at any time, however the habitat may be easier to
see if working from a boat, when there is less water at low tide.

1. Map the perimeter. It is always important to get a ‘big picture’ of the bed before you start
the survey, either from a boat or underwater with SCUBA. Once the team has a fairly
good idea as to the location of the bed, they can start mapping the perimeter.

2. Complete the Eelgrass Field Datasheet- Sections 1 and 2. In order to complete the
datasheet, either the boat or divers will need to travel slowly over the bed, back and forth,
until they feel that they have seen enough to complete the datasheet (habitat overviews).
If possible, survey the intertidal area during low tide.

The perimeter mapping and habitat overviews may be completed simultaneously if there are
adequate resources (boats and/or divers). It is estimated that one hour will be required to map
the perimeter, and one hour to assess the habitat.

Level 3 Survey

Intertidal areas of eelgrass beds should be surveyed at low tide as it will be much easier to
assess them. Subtidal areas may be surveyed at any time, however the habitat may be easier to
see from a boat when there is less water at low tide. The entire survey does not need to be
completed in one day, however it should be completed within one calendar week.

1. Map the perimeter. It is always important to get a ‘big picture’ of the bed before you start
the survey, either from a boat or underwater with SCUBA. Once the team has a fairly
good idea as to the location of the bed, they can start mapping the perimeter.
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2. Complete the Eelgrass Field Datasheet — Sections 1 and 2. In order to complete the
datasheet, either the boat or divers will need to travel slowly over the bed, back and forth,
until they feel that they have seen enough to complete the datasheet (habitat overviews).
If possible survey the intertidal area during low tide.

Determine maximum and minimum depths.
Determine the number of zones and select locations for transects.

Establish transects, collect shoot density data, and leaf length and width data.

o o kv

Secchi depth reading may be taken at any time during the survey.

Study teams that include more than one pair of divers may decide to dedicate one team to
mapping the perimeter and determining maximum and minimum depths, while the other pair(s)
complete tasks 4 and 5.

Calculations (means, leaf area indices) may be completed subsequent to the field survey.

A study team of one boat tender and two divers would require approximately 5 hours to complete
the survey. A study team of one boat tender, two teams of divers, and two people to assess the
intertidal could complete the survey in less than 2 hours.

Level 4 Survey

Refer to the instructions for a Level 3 Survey. Collect water samples at any time, but remember
to record the time of collection on the datasheet.
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Appendix 5 — Field Data Form & Data Entry Form

A field data form (p. 22 — 27) and images of the electronic data entry forms are provided (p. 28-
32). The ‘Eelgrass Field Data Sheet’ may be photocopied onto waterproof paper for use during
fieldwork. The ‘Eelgrass Bed Mapping Data Entry Form’ (EBMDEF) is a snapshot of the one that
can be used to enter data into the interactive web based database. In order to enter data into the
Community Mapping Network database (http://www.shim.bc.ca/eelgrass/main.htm) each group
will be assigned a username and password. The data from the field data sheet may then be
submitted electronically. A help menu is available on the toolbar.



http://www.shim.bc.ca/eelgrass/main.htm)
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Eelgrass Field Data Sheet

Background

o Tox=1 (o] o NSO

(OSSN

Tide height start: ... Tide height finish: .............c..........

Level of Survey: ......cccoovviiiiinnnen. Tidal range of eelgrass bed (subtidal, intertidal, both):....................

Method and Level of accuracy to which bed was mapped (circle one)

Code Map Accuracy

1 ||[Location measured using GPS (see GPS model and accuracy fields)

2 |[Location generalized from DFO log book lat/long positions

3 |[Location indicated to 2 mm at chart scale

4 | Alongshore location indicated to 2mm at chart scale; across shore accuracy unknown

5 |[General location only; rough sketch on chart or place name (5 mm at chart scale)

6 |[Tied to shoreunit or other shoreline segment

7 |Tied to DFO Statistical Subarea

8 | Tied to DFO Statistical Area

9 |[Alongshore location indicated to 5 mm at chart scale, across shore accuracy unknown

10 [Vague location only (1-2 cm at chart scale)
Method used to georeference (GPS/hardcopy map/orthophoto/airphoto): ........cceeevviiiiiiiic e
Make and Model of GPS (if 0ne Was USEd):............coouiiiiiiii e

Comments specific to the eelgrass bed (health, adjacent backshore land use, backshore structures, possible threats)
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1. Overview of Intertidal Habitat: All Levels - if bed is restricted to the subtidal go to Section 2.

Form Fringing (0] Flat (0]

Distribution Continuous O Patchy O

Percent Cover of intertidal eelgrass

Primary 110 10% .o Secondary 1t010%  ..cceoeeneee Tertiary 1t010% ..cccee.ee.
111025 ... (optional) 11t025% ..cccveneee. (optional) 11 to 25% .............
26t050% ... 26t050% eeoeeenen. 26t050% .....c......
5110 75%  ..ocee..... 5110 75%  .ccoveeenee. 5110 75% ..ccenee..
>75% e >75% e >75% e

Substrate Type

Primary mud Secondary mud ... Tertiary mud ...
mud/sand  ............ (optional) mud/sand ............... (optional) mud/sand .............
sand = ... sand .. sand ...
gravel ... gravel gravel ...
cobble ... cobble ... cobble ...
boulder ... boulder  ............ boulder  .............
bedrock ... bedrock  ............. bedrock  ............

2. Overview of Subtidal Habitat: Levels 2, 3, and 4

Form Fringing (0] Flat (0]

Distribution Continuous O Patchy O

Percent Cover of subtidal eelgrass ( )

Primary 110 10% .o Secondary 1t010%  .cceoenneee Tertiary 1t010% .cccceeee.
111025 ... (optional) 11t025% ..cccvenenee. (optional) 11 to 25% .............
26t050% .o 26t050% .eooeeenen. 26t050% .....c......
5110 75% oo 5110 75%  ooveeenee. 5110 75% ..ovoeenene
>75% . >75% e, >75% e

Area occupied by: ( )

Primary 110 10%  .oeeee Secondary 1t010%  ..ccoceeneee Tertiary 1t010% .cooceeee.
11t025 ... (optional)  11t025% ..cceeneeee. (optional) 11 to 25% .............
26t050% ... 26t050% .ocoveneenen. 26t0 50% ............
5110 75% oo 5110 75% oo 5110 75% ..ovoeenene
>75% . >75% e, >75% e

Substrate Types ( )

Primary mud Secondary mud ... Tertiary mud ...
mud/sand  ............ (optional) mud/sand ............... (optional) mud/sand .............
sand ... sand . sand ..
gravel ... gravel . gravel ...
cobble ... cobble ... cobble ...
boulder ... boulder  ............ boulder  .............
bedrock ... bedrock  ............. bedrock  ............

Area occupied by ( )

Primary 110 10% .o Secondary 1t010%  .cceoeeneee Tertiary 1t010% ..ccce.e..
11t025 ... (optional)  11t025% ..cceenneee. (optional) 11 to 25% .............
26t050% ..o 26t050% .oooeeneenen. 26t0 50% ............
5110 75% oo 5110 75% oo 5110 75% ..ovoeenene
>75% e >75% e >75% e
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3. Depth: Levels 3 and 4

Method used to determine Maximum Depth
(diver with depth gauge, diver with boat and metre tape or rod, survey rod without diver, other —explain)

Time measurement was taken
Depth Reading (metres e.g. 8.2 m)
Tide height at this time

Actual depth

Method used to determine Maximum Depth
(diver with depth gauge, diver with boat and metre tape or rod, survey rod without diver, other —explain)

e ———— Time measurement was taken
e ——— Depth Reading (metres)

¢ ————— Tide height at this time

¢ ————— Actual depth

4. Distribution & Density: Levels 3 and 4

Distribution Continuous - proceed to Section 4A
Patchy - proceed to Section 4B



Zone #:

length of transect

# of quadrats sampled

raw data (#/0.25m?)

total

reproductive

total

reproductive

total

reproductive

mean # total:

mean # reproductive:




Number of ZONEes: ........cccveveeeveeeeeeeeceee e

Zone#: e

-
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Distance across eelgrass patch
(e.g. 2.4m)

# shoots / 0.25m?

Distance to next eelgrass patch

Mean # shoots/0.25m? (within patches): ...........




4. Leaf Area Index (LAI): Levels 3 and 4

sample length width
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30.
O (total)
x (O + 30)

Mean leaf length (X): .......cccc. i Mean leaf width (x): ...............

Leaf Area Index (mean leaf length x mean leaf width x mean shoot density): ................

5. Turbidity: Levels 3 and 4

Turbidity (secchi depth reading):  .....cccocoiiiiiiiens

Time that reading was taken: ...,

6. Salinity, Total Suspended Solids, Chlorophyll A: Level 4

Salinity:
Total Suspended Solids: .
Chlorophyll A:

Time that samples were collected:  ..........cceeeee.

-
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Form 1:

(Main form):

Eelgrass Bed Mapping Data Entry Form

-
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Form 2



Eelgrass Bed Mapping Data Entry Form

Unique id for eelgrass bed: 23222

Descriptive Location: Test

LOCATIOMN OF INTERTIDAL BEDS ALOMNG SHORE
{all Levels)

Is there any other spatial data with this report? Please comment:

To what level of accuracy to which eelgrass bed is mapped?
[0-N7a =l
What method used to georeference and describe eelgrass bed?

[0-M/a =]

what platform was used to survey eelgrass bed in the field? ID'N."IA =
If samples were taken, how were they taken? IU -MiA 'I

Was GPS used? Make and Model of GPS: I

Reference map tvpe:lU'Nr"A =

Reference map name or reference #:I

Reference map scale: I

Geographic (Lat/Long) or Projection: [Nga =
Specifics of projection (UTM, Albers etc including Zone and other details):

Is eelgrass represented as a line {shoreline) or polygon (bed)?: Point

# of reference points collected to delimit eelgrass bed edge: I

Form of eelgrass bed: ISE|BCT One 'i

Tidal range of eelgrass bed: | Selectane =

Eelgrass species present: ISE|ECT One 'I

Comments specific to polygon (health, adjacent backshore land use, backshore structures,
threats):

Primary Source of Information: ISB|Ed One 'I
Assistant field surveyer: ISElEd One Yi
Date when eelgrass bed was surveyed (format: March 16, 2002): I

Date when data was mapped or last updated (format: March 16, 2IIII32):|

Person compiling the information: ISE|B'31 One 'I
Time Start: I Time Finish: I
Tide Height Start:l Tide Height Finish:l

Reference used to calculate tide height: I

168



OYERVIEW OF INTERTIDAL HABITAT
Distribution of eelgrass bed:ISE|EE1 one 'I

Percent Cover Eelgrass:

primar?ISeIec‘tone 'l SecundarvlSB|ECTDnE vi Tertiar\,-ISeIect one 'l

{optional) {optional)

Substrate Type:

primar\,-ISeIectDne 'V| Secundarv|58|8d0ne 'i Tgrtiar\,-ISeIect one "l

{optional) {optional}

Distribution of eelgrass hed:lSElBCt ane "I
Prim.=.|r\.'ISE|E'3’EDnE -'l SecundarvlSE|EC’EDne "i TertiarvlSeIect one 'l

{optional) {optional)
Substrate Type:

primarvlSeIec‘che "| sgcundarVISelec‘che 'i Tertiar\,-lSeIect one 'l

{optional) {optional)
DEPTH
{Level 3-4)
MAXIMUM DEPTH MINIMUNM DEPTH

Depth Reading:
Actual depth:

Time measurement was
taken:

Tide height at this time:

WW
WW

Method used to |Diverwith depth gauge =] IDiverwith depth gauge =]
determine depth:

Other method:

LEAF AREA INDEX
{Level 3 and 4)

FOME 1:
Leaf length and width Erter Maasurements | Mean leaf length:
Leaf Area Index I Mean leaf width:
FOMNE 2:
Leaf length and width Enter Measurements Mean leaf length:

Leaf Area Index | Mean leaf width:

fONE 3:

Leaf length and width Enter Measurements Mean leaf length:

Leaf Area Index I Mean leaf width:

IR T
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DISTRIBUTION AND DEMNSITY
{Level 3 and 4)

Distribution of eelgrass hed:|58|8d One "l

ZOMNE 1: Enter Measurements

Length of Transect:

Direction of Transect (eg.0m at north end)

Mean # shoots/0.25m2

Mean # flowering shoots/0.25m?

FONE 2: Enter bMeasuraments

Length of Transect:

Direction of Transect (eg.0m at north end)

Mean # shoots/0.25m?

Mean # flowering shoots/0.25m?

ZONE 3: Enter Measurements

Length of Transect:

Direction of Transect {eg.0m at north end})

Mean # shuuts/D.Zsz

Mean # flowering shoots/0.25m?

Turbidity
{Level 3 and 4)

Turbidity {secchi depth I

reading):

Time that reading was taken: I

Salinity, Total Suspended Solids, Chlorophyll A
{Level 4)

Salinity: I Chlorophyll A: I
Total Suspended Solids: I Time that Sample I

were collected:




LAI Form:

ZOME 1 - Leaf Area Index

Existing Measurements:

Mo measurements available

Enter records one at a time and hit submit every time:

Measurement No Width Length Feature ID
| | ' o0

| Subrnit and Next I Dunel

Distribution and Density Form:
ZONE 1 - Distribution and Density

Existing Measurements:

Mo measurements available

Enter records one at a time and hit submit every time:

Measurement MNo of shoots No of flowering Distance across Distance Feature
Mo (patchy / shoots eelgrass between ID
continuous) {patchy / patches eelgrass
continuous) {patchy only) patches

(patchy only)

| | | | | | i

| Subimit and Next IDDne-’l

-
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Appendix 6 — Patchy vs. Continuous Eelgrass
Distribution

The following illustrations are provided to demonstrate the difference between patchy and
continuous eelgrass cover. The term Continuous is used to indicate that eelgrass is distributed

over most of the area within the bed (Figure 1). There may be some areas without eelgrass
within the bed (Figure 2).

Eelgrass is described as patchy when the bed or meadow is composed of many patches or
islands of eelgrass, most of which are surrounded by areas without eelgrass (Figure 3). The area
between patches is usually either exposed substrate or macroalgae.



Figure 3, Rafehy Cover



Appendix 7 — Percent Cover

Percent cover is a quantitative assessment of the area covered by plants. For example, when the
leaves and shoots form a dense blanket over the substrate (ground) such that it is impossible to
see the substrate below the plants the percent cover is 100%. If you can see the substrate
between the plants then the percent cover is less than 100%. The following figures are provided
to illustrate this concept.

Imagine that the grey squares represent cover by eelgrass; the white squares represent exposed
substrate (no eelgrass). Some people find it helpful to mentally move all the plants together in
order to estimate the percent cover. Figure 7.1a represents a sparse eelgrass bed where only
6% of the area is covered by eelgrass. Figure 7.1b contains the same number of grey squares
but they have been moved together. Accurately estimating precise percent cover requires
training and experience. A way to circumvent this problem is to estimate percent cover within
ranges. The datasheet provides a series of ranges that can be used to evaluate percent cover.
By looking at the area covered by eelgrass, and perhaps mentally shifting all the plants together,
you can determine which range best reflects the percent cover of eelgrass in the bed. For
example, the diagram shown in Figure 7.1a would fall between 1% and 10%. The ranges that are
used in this study are listed below.

Primary 1t010% .o Secondary 110 10% .....c.c...... Tertiary 1t010% ...
1Mto25 ... (optional)  11t025% .............. (optional) 11 to 25% .............
26t050% .cccooenene 26 t050% ...coveuenen. 26t050% ...ccene.
5110 75% .cceenee. 5110 75% .covverennene 510 75% ....cc......
>75% >75% e >75% e

There are often differences in percent cover within a bed due to variations in physical variables
such as depth or substrate. The following diagram provides a graphic representation of a bed
that is composed of three areas with distinctly different percent covers. The dark area represent
very dense eelgrass (>75%), the light area represents an area with low percent cover (1-10%),
and the mid shade an area with intermediate cover (26 — 50%). Since most of the area falls into
the >75% range this would be the primary percent cover. The secondary and tertiary percent
covers would be 1-10% and 26-50% respectively. The secondary and tertiary percent cover
estimates are considered optional as many beds are relatively uniform within the broad ranges
that are provided. An area should represent at least 10% of the total area before it is considered
significant enough to note on the datasheet.
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Figure 7.1 Six percent of the squares are shaded. The squares are randomly located in the first
diagram (a) and are grouped in the second (b). This represents an area that would be classified
as 1-10% cover on the datasheet.

Hhi

18%
Figure 7.2 Eighteen percent of the squares are shaded. The sguares are randomly locatad in
the first diagram (a) and are grouped in the second (b). This represents an area that would be
classified as 11-25% cover on the datasheet.

Figure 7.3 Forty-one percent of the squares are shaded. The squares are randomly located in
the first diagram (a) and are grouped in the second (b). This represents an area that would be
classified as 26-50% cover on the datashest,
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Figure 7.4 Sixty-three percent of the squares are shaded. The squares are randomly located in
the first diagram (a) and are grouped in the second (b). This represents an area that would be
classified as 51-75% cover on the datasheet.

85%
Figure 7.5 Eighty-five percent of the squares are shaded. The squares are randomly located in

the first diagram (a) and are grouped in the second (b). This represents an area that would be
classified as >75% cover on the datasheet.

87%

Figure 7.6 Ninety-seven percent of the squares are shaded. The squares are randomly located
in the first diagram (a) and are grouped in the second (b). This represents an area that would be
classified as >75% cover on the datasheet.



Appendix 8 — Marker Floats
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The following float design was developed by Sarah Verstegen of SeaChange to mark the
perimeter of eelgrass beds.

If you need to mark the location of eelgrass under water so that you can find it from the surface, try these for
short-term use. The line is wound around the block and notched into the groove. A diver can carry a few in
a goody bag. When the diver finds a location to mark for people at the surface, she or he sets the marker
weight on the bottom. (Clips work when there is something to fasten to.) Then, s/he un-notches the line
from the groove. The line will unreel itself from the block as it floats to the surface. It helps divers avoid that
nasty tangle of line when working under water.

Wood block

floats to
surface.

/ﬂ J—e{ f |

Groove to Hole

hold end of drilled

line when through

wound. block to
secure
line to
block.

Enough thin

line toreach

the

estimated

depth.
Fastentoa
diver’s
weight.

Fasten line to
a clip.

Use either a 2 x 4 or 2 x 3 inch piece of
lumber. It's easier to make notches in a
long piece before it's cut into the smaller
blocks. Plastic clips are ligher than lead

Iweights and cheaper than brass.

1. Drill holes for
line. Use a bit > @
slightly larger
than your line
diameter.

2. Cutthe
grooves. Set °
your saw blade

for the desired
depth.
3. Cut each block
from the length.
4. Paintblocks a
bright color. L
5. Number each
one. | Pl
6. Thread line N

2

and tie ®
securely.

through hole %|

7. Wind line
around block.

8. Tie end of line
to chosen
bottom piece.

Suggest 4
-6 inch
length
depending
on line
thickness
and length
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ABSTRACT

The Department of Fisheries and Oceans Canada (DFO) is responsible for evaluating
potential environmental impacts on fish habitat associated with project development.
Aquaculture of the native oyster (Crassostrea virginica) has been expanding in gulf New
Brunswick’s (N.B.) coastal communities, thus, a qualitative risk assessment was initiated. This
involves an evaluation of water column oyster aquaculture and its interactions with fish habitat,
as defined in the Policy for the Management of Fish Habitat, by integrating a thorough review of
the current scientific information and a description of the oyster aquaculture industry. This
assessment follows the work of the National Advisory Process which characterized the potential
environmental risks of bivalve aquaculture in the marine environment. That scientific review is
complemented with technical data as well as additional information to specifically characterize
the potential effects of oyster aquaculture in N.B. The present qualitative risk assessment is
intended to assist habitat managers in their decision-making process and is based on the
Habitat Management Program Risk Management Framework. The framework provides a
structured process for characterizing the potential risks and assessing their significance in
regards to the productive capacity of fish habitat. An Ecological Risk Assessment and a Net
Ecological Benefit Analysis are used to make determinations as to the effects and functions,
respectively, of water column oyster aquaculture in gulf N.B. Using the risk assessment, we
conclude that the overall “scale of potential negative effects” of water column oyster aquaculture
and the “sensitivity of fish and fish habitat” correspond to a low-risk activity which is not likely to
significantly harm the productive capacity or the ecological integrity of fish habitat. Moreover, our
analysis suggests that oysters in aquaculture can potentially be of significant benefit to these
estuaries and can help to restore many important ecological functions which were reduced
following the historical decline of natural populations. Given the nature of this activity, we
conclude that the risks associated with water column oyster aquaculture can be managed in a
sustainable manner with adequate planning and mitigation measures through an adaptive

management approach.
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RESUME

Le Ministére des Péches et des Océans du Canada (MPO) est responsable d’évaluer les
effets environnementaux potentiels des projets de développement sur I'habitat du poisson.
L’aquaculture de 'huitre indigéne (Crassostrea virginica) est une activité en croissance au
Nouveau-Brunswick (N.-B.). Pour cette raison, une évaluation qualitative du risque de cette
activité a été entreprise. Une évaluation des interactions entre I'ostréiculture en colonne d’eau
et I'habitat du poisson a été effectuée, tel que définie sous la Politique de gestion de I'habitat du
poisson, par I'entremise d’une revue d’'informations scientifiques et une description de 'activité
ostréicole. Cette évaluation fait suite au processus officiel d’avis scientifique qui a caractérisé
les risques environnementaux potentiels de la culture marine des bivalves. Cette revue
scientifique ainsi que d’autres études et informations techniques ont été utilisées afin de
caractériser plus spécifiquement les effets de I'ostréiculture dans la colonne d’eau au N.-B.
L’évaluation qualitative du risque a comme objectif d’aider les gestionnaires dans le processus
de prise de décisions selon le Cadre de gestion de risques du Programme de gestion de
I’'habitat. Ce cadre offre un processus structuré qui permet de définir les risques et déterminer
leur importance en fonction de la capacité productive de I'habitat du poisson. Une évaluation du
risque écologique et une analyse du bénéfice écologique net ont été utilisées afin de déterminer
les effets et les fonctions, respectivement, de l'ostréiculture dans la colonne d’eau au N.-B.
Cette analyse nous a permis de conclure que I'échelle des répercussions défavorables de
I'ostréiculture en colonne d’eau et la vulnérabilité du poisson et de I'habitat du poisson
correspondent a une activité ayant un risque faible qui a peu de probabilité de nuire de fagon
importante a la capacité de productivité ou a l'intégrité écologique. De plus, notre analyse
suggeére que les huitres en aquaculture peuvent potentiellement jouer un réle bénéfique dans
ces systémes et servir a combler plusieurs fonctions écologiques qui ont été perdues suivant les
déclins historiques des populations d’huitres. Etant donnée la nature de cette activité, nous
concluons que les risques associés a l'ostréiculture dans la colonne d’eau peuvent étre gérés de
maniére durable a l'intérieur d’'un cadre de gestion adaptive qui comprend des mesures

adéquates de planification et d’atténuation des impacts.


http://www.dfo-mpo.gc.ca/csas/csas/Process-Processus/AsvisPro-ProConsult/asvispro-proconsult_f.htm#importance
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1 HABITAT MANAGEMENT QUALITATIVE RISK ASSESSMENT OF WATER COLUMN
OYSTER AQUACULTURE IN NEW BRUNSWICK

1.1 Introduction

The Habitat Protection and Sustainable Development (HPSD) section of the Department of
Fisheries and Oceans Canada (DFO) is responsible for evaluating potential environmental
impacts on fish habitat associated with project development under the Habitat Management
Program (HMP). DFO has been conducting environmental assessments of aquaculture impacts
to fish habitat on a site-by-site basis under Section 35 of the Fisheries Act and coordinating the
review of other federal authorities (FA) and expert authorities under the Canadian Environmental
Assessment Act (CEAA). Given that the development of oyster aquaculture is among the
growing activities in New Brunswick’s (N.B.) coastal communities, the following qualitative risk
assessment was conducted under the guidance of the HMP Risk Management Framework. This
assessment of water column oyster aquaculture (i.e. suspended or off-bottom culture) integrates
a thorough review of the relevant scientific information and a characterization of “works” (defined
by CEAA) associated with oyster aquaculture, as it relates to fish and fish habitat and the Policy

for the Management of Fish Habitat.

Risk is unavoidable and present in virtually every human situation. It is present in our daily
lives, and in public and private sector organizations. The World Trade Organization (WTO)
defines Risk Analysis as a “systematic way of gathering, evaluating, recording and disseminating
information leading to recommendations for a position or action in response to an identified risk”.
Risk can be defined as a function of the probability of an adverse effect and the severity of that
effect. In fact, this approach is used worldwide to manage the ever-changing uncertainties
associated to human health, international trade, food safety, etc. (e.g. World Health Organization
(WHO), WTO, Food and Agriculture Organization (FAQO) Sanitary and Phytosanitary agreement,
Hazard Analysis and Critical Control Point (HACCP)). Thus, a Risk Analysis is a tool intended to
provide decision-makers with an objective, repeatable and documented assessment of the risks
posed by an action. This approach recognises that every facet of life involves risks which can
range from significant and adverse to negligible and inconsequential. Risks needs to be
characterized, their significance assessed and thereafter managed to ensure a degree of

comfort and control despite the uncertainties.
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In context of the HMP Risk Management Framework, we define “Risk” as an event that
has a specific likelihood of occurrence and identifiable impacts on the productive capacity of fish
and fish habitat. A risk-based approach allows habitat managers to prioritize and focus efforts
on regulating the activities which are considered to have the greatest potential impact to fish and
fish habitat. This entails the review of available relevant information in order to categorize the
risks associated with development proposals and associated management options. Through an
objective and science-based decision-making process, activities are rated according to risk (e.g.
low, medium and high) and then evaluated against the sensitivity of habitat and the scale of
effects. This approach recognizes that high risk projects need to be managed differently than
low risk projects. It is from this perspective that the following qualitative risk assessment of

water column oyster aquaculture was prepared.

In collaboration with Maritimes Region and National Headquarters, a panel of scientists
was brought together in 2006 under the National Science Workshop: Assessing Habitat Risks
Associated With Bivalve Aquaculture in the Marine Environment National Assessment Process
(NAP), to identify and characterize the potential environmental risks of bivalve aquaculture in the
marine environment. The NAP was based on the peer review of working papers that addressed
the identification, prediction, and measurement of the effects of marine bivalve aquaculture. The
majority of the information presented at the workshop was based on the suspended culture of
mussels on the east coast of Canada, but provided some indications as to the risk associated
with bivalve culture in general. We have since undertaken the task of integrating the scientific
advice which was relevant to water column oyster aquaculture into this Risk Assessment based

on these frameworks and international definitions.

1.2 Regulatory context

In 1999, the Navigation Water Protection Program (NWPP) and CEAA recognized the
need to consider aquaculture structures as having a fixed location and thus constituting a “work”
under the Navigable Water Protection Act (NWPA). Therefore, these operations needed to be
reviewed and approved under the NWPA. This led DFO to become a Federal Responsible
Authority (FRA) for the review of aquaculture works under CEAA for the NWPP and a more
formal federal review process which includes a fish habitat assessment under the habitat

provisions of the Fisheries Act.

Following organizational changes in 2004, the responsibilities of FRA were transferred to

Transport Canada (TC), with HPSD remaining involved on aquaculture files. To assist with that
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transition, DFO and TC developed a Memorandum of Understanding (MOU) whereby it was
proposed that DFO help TC in the development of a Replacement Class Screening Report
(RCSR) under section 19 of the CEAA to implement a more coherent approach in Environmental
Assessment (EA) of these works. Rather than completing an EA for each project, the Act allows
for the EA of some repetitive projects to be streamlined through the use of a class screening
report. This signifies that if a project qualifies and meets the criteria set forth in the RCSR, it may
not need an individual EA. This kind of report is built on and uses the knowledge accumulated
through past environmental assessments of a given type of project. The class screening
approach is considered compatible with an earlier proposal made by DFO to the New Brunswick
Shellfish Aquaculture Environmental Coordination Committee (NBSAECC) operating under the
1995 Canada-New Brunswick MOU on aquaculture to develop an integrated shellfish
aquaculture planning exercise. The Bay-by-Bay planning approach for aquaculture development
was proposed to the Province of New Brunswick (aquaculture leasing and licensing is managed
by the Province), in order to pre-define suitable areas for aquaculture based on an analysis of
conservation and regulatory concerns of provincial and federal departments. It was presented to
federal expert departments as a means to address cumulative impacts and inter-governmental

regulatory concerns. The concept was accepted by the NBSAECC.

An initial pilot-project for the bays of Tabusintac and Richibucto was initiated in 2004. GIS
databases were used to identify Valued Ecosystem Components (VECs) as well as potential
conflicts with aquaculture works. Ecological reviews of the bays and layers of information, such
as locations of bird colonies, avian species at risk, migrating and staging areas for waterfowl,
fish habitat, wetlands, dunes, salt marshes, fisheries etc. were presented on maps. Potential use
scenarios in conjunction with various management options were evaluated. This approach
combined a number of GIS databases with current knowledge on user impacts to create an
analytical tool to guide towards sustainable development. Zones were subsequently defined
where shellfish leases could be best located to avoid potential spatio-temporal interactions with
VECs. After a review of the pilot project results, the New Brunswick Department of Agriculture
and Aquaculture (NBDAA) decided to continue the planning project, in collaboration with DFO

and TC, for the remaining bays on the eastern coast of the Province.

1.3 Risk Analysis initiation

The current Risk Assessment expands on the scope of the evaluation of this activity and

integrates the regulatory context which was required to support decision-makers in their review
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of water column oyster aquaculture works as they relate to fish and fish habitat. This is also
compatible within the larger context of a Bay Management Framework developed in
collaboration with the Province of New Brunswick. The geographic area for which the risk
assessment was needed is Gulf New Brunswick (N.B.), but could also apply to Prince Edward
Island (P.E.l.) and Gulf Nova Scotia (N.S.). In order to alleviate the remaining text, oyster
aquaculture in N.B will refer to the Gulf portion along the eastern shore of N.B. and exclude the
Bay of Fundy. The risk assessment was conducted to provide information to habitat managers

about the potential effects of oyster aquaculture works and management options.

The format used for this assessment was inspired in part by the US Environmental
Protection Agency Guidelines for Ecological Risk Assessment (ERA) (US EPA 1998). These
types of tools are used to identify and characterize potential risks of the activity and to make a
determination as to their significance as they relate to the productive capacity of fish habitat. In
the HMP Risk Management Framework, this assessment is important for qualifying the residual
negative risks after mitigation measures as well as subsequently determining options to manage

the risks specific to the activity.

Additionally, because oysters in nature are recognized as providing beneficial ecological
services and are often used as a compensation option for other works, a Net Environmental
Benefits Analysis (NEBA) approach, as proposed by the US Department of Energy, was used to
look at the potential gains minus the potential environmental costs of this activity (US
Department of Energy 2003). Although the NEBA is not factored in to the HMP Risk
Management Framework, we believe that a NEBA is consistent with the “Net Gain of Habitat for
Canada’s Fisheries Resources” in the Policy for the Management of Fish Habitat. The policy
states that the objective is to: “Increase the natural productive capacity of habitats for the
nation's fisheries resources, to benefit present and future generations of Canadians”. We also
believe that a NEBA can play a valuable role in considering the development of integrated

management plans and in moving towards to DFO’s emphasis on an ecosystem approach.

The following diagram (Figure 1) illustrates how the two frameworks are used in parallel in

this risk assessment on water column oyster aquaculture.
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2 DESCRIPTION OF WATER COLUMN OYSTER AQUACULTURE

In the Maritimes, oyster culture is an activity which is usually practiced on a technically
simple small-scale level. This activity is spread throughout coastal areas along the southern Gulf
of St. Lawrence. In N.B, operations are mainly family owned; with a single proprietor for whom
this is not their main occupation (75-90% of their income originates from other sources). The
majority of these operations employ fewer than six employees, on a seasonal basis, but this
number may range from one to sixteen employees. Most owners operate only one or two leases
(Bastien-Daigle & Friolet 2006).

Procedures and activities associated with oyster culture in N.B. estuaries have a
substantial history and record of development. Oyster aquaculture projects in New Brunswick
have similar design, construction, operation and decommissioning characteristics. The following
section summarizes the nature of the industry; the reader can consult Doiron (2006) for more
detailed descriptions. Prince Edward Island and Nova Scotia use similar water column growing
techniques. Prior to completing this risk assessment, a phone survey was conducted with
individual growers to obtain an accurate picture of equipment and techniques currently in use
(Bastien-Daigle & Friolet 2006).

2.1 Culture techniques

Unlike many parts of the world and the western region of Canada, where the exploitation
of native species contributes little to commercial production (FAO 2005), the harvest and
aquaculture of oysters along the Atlantic coast of Canada and the United States of America
relies on a native species, the eastern oyster Crassostrea virginica. This species is found along
the entire Northwest Atlantic seaboard, from Louisiana to N.B. with a large population in the
southern Gulf of St. Lawrence (sGSL) (Kennedy et al. 1996).

In water column aquaculture, oysters are floated or suspended in the subtidal zones.
Raising oysters above the substrate and placing them in bags or cages serves to enhance water
circulation, water temperatures, and food availability. This in turn improves growth and
decreases predation rates. Oysters grown in this manner are generally kept at low densities to
help ensure that they can reach market-size within 3 to 4 years, rather than the 5 to 8 years

normally required when grown on the substrate (DFO 2003Db).
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Presently, a variety of water column culture methods are used in N.B for growing oysters.;
these include longline culture using bags, trays, or rope strings, or cages, and off-bottom culture
using bags on French tables or on trestles. Provincial authorities define suspended culture as a
form of aquaculture conducted in the water column or at the water’s surface, where the
structures are anchored but can float or move with the tides. They define off-bottom culture as
being conducted in the water column where the structures are fixed in place on the substrate
and do not move with the tides. The present risk assessment covers these two categories of
techniques, commonly referred to as water column oyster culture. It does not include bottom

culture, which is conducted directly on, or in, the substrate of an aquaculture site.

2.1.1 Suspended culture
Grow-out bags made of high density, UV-resistant polymer mesh (often referred to by the

manufacturer’s name, such as Vexar™ or Durethene® bags) are used to contain the oysters.
The bags are either equipped with individual floats and attached to a longline system or inserted
in a cage structure equipped with floats. Bags measure 85 cm (long) by 40 cm (wide) by 10 cm
(high). The density of oysters in the bags is progressively reduced over the 3-4 year grow-out
period as the oysters grow (Doiron 2006). Initially, 15-25 mm oysters are placed at densities of
1000-1500 oysters per bag (2-3 kg). In the final year of production, oysters typically measure
50-75 mm and are held at densities of 200-250 per bag (4-6 kg) to ensure adequate growth and

a desirable shape (i.e. choice or fancy grade rather than commercial or standard) (Doiron 2006).

In the longline system, grow-out bags are lie flat on the surface of the water with one buoy
on each side and secured by parallel lines anchored to the bottom (Figure 2). The most common
design usually consists of two rows of approximately 50 floating bags, but many variations of this
system can be observed. Two main anchors maintain the longline in a fixed location; these
consist of concrete blocks, metal anchors or screw anchors. The lines are kept separated by
spreader bars installed approximately every ten bags. Growers can adjust the buoyancy of the
grow-out bags by changing the location of the buoys on the bags. Each longline system
measures approximately 60 m from anchor to anchor, and is spaced 6-10 m from other longlines
to provide water circulation around the bags and boat access for regular maintenance. Growers
typically install 15 to 20 longlines per hectare. Longlines are usually oriented along the most

appropriate axis to reduce wear from tides and currents on equipment.

Cages are made of a plastic coated wire-meshed material (similar to the Aquamesh used

in many lobster traps) and are designed to contain between 2 to 6 grow-out bags; six being the
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most common configuration. The grow-out bags are placed in divided sections of the cage,
which function as drawers. In order to ensure adequate water circulation, no more than two bags
are placed over one another. Each cage is equipped on the upper side with two buoys allowing it
to float immediately below the water surface. Buoys can be made of a variety of materials,
including Styrofoam and PVC. The cages are secured either by using single anchors or by
attaching them to longlines. Generally, growers will install 12 cages per 50 m longline with a
maximum of 20 lines per hectare (240 cages/ha). As above, lines are separated by a corridor to

allow boat access.

60 metres

Tension
line

Figure 2 - Description of the longline structures used in N.B. (modified from Doiron 2006)

A less common suspended technique is known as rope culture, whereby clusters of
oysters are attached directly to a rope at regular intervals (without any housing). Ropes are
suspended in the water column or floated at the water surface level using specifically designed
supports, which function similar to longline systems. Oysters cultured on rope remain

submerged at all times.
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2.1.2 Off-bottom culture

Oyster tables, also known as French tables, consist of a metal rod structure on which
grow-out bags containing the oysters are supported. This platform raises the bags sufficiently to
ensure water circulation around the oysters. Depending on the site, oysters can be uncovered
during each tidal cycle or remain constantly submerged. Another off-bottom technique consists
of raising the oyster bags on runners or pipes placed on the sediment. Both of these techniques
typically require setting the structures in sections of the lease with little or no eelgrass to ensure
proper water circulation. Oyster tables and runners are removed at the end of the growing

season to avoid ice damage.

2.1.3 Site preparation

Unlike some types of on-bottom shellfish aquaculture that require extensive bottom
preparation (e.g. dragging, additions of gravel, dredging, removal of vegetation, etc.), no specific
site preparation activities are required for water column oyster aquaculture sites other than

installing the equipment and anchors.

2.2 Installation

The installation of structures is generally done from a boat or from the ice surface during
winter. For longlines, anchors are installed either directly on the marine sediment (concrete
blocks) or driven into the sediments (anchors). In general, the anchoring system is designed to
be permanent. French tables and runners are installed directly on the substrate but are

removed seasonally.

2.3 Operation

Maintenance of the inventory includes stock rotation and reducing the density of oysters to
ensure optimum growth and quality; this may occur 2 to 3 times during the growing season. As
the bags float at the surface of the water, with one side submerged and the other exposed to air,
fouling by epifaunal plants and animals can be removed simply by turning the bag (180°) to
allow the attached organisms to desiccate or by pressure washing. The frequency of this
maintenance depends on the growth of epifauna which varies during the season; being more
pronounced in the summer and less so in the fall. In general, air drying takes a few days. Oyster
culture does not require food supplements, treatment with pharmaceuticals, disinfectants, or

hormones.
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2.4 Oyster spat collection

Oyster spat or oyster seed can be collected by the producer or can be purchased from
other local growers. Oyster seed can only be collected from approved oyster collection areas or
on private leases. Oysters typically spawn between early and mid-July depending on latitude
and annual conditions. A variety of collectors are used to attract oyster larvae, which
preferentially settle on clean and textured surfaces. It is critical to deploy these collectors in the
appropriate areas at the correct time. After approximately two to three weeks of drifting in the
currents, competent larvae cement themselves to the collector’s surface. Afterwards, when
oyster seed reach a sufficient size, the collectors are transferred to the lease (if seed are not
collected from the lease area itself). Depending on their size, the seed oysters are stripped from
the collectors in the fall or the following spring, sorted by size and transferred to the grow-out

bags.

2.5 Overwintering

In much of gulf N.B., the upper water column freezes in winter. In order to protect the
oysters, structures must be overwintered in below the depth to which the ice can extend or in
areas that are not prone to ice jams, or frequent ice movement. Typically, oysters are moved to
the deepest portion of the aquaculture site and sunk to the bottom during the winter months.
This period corresponds to a period of dormancy for the oysters, where filtration and feeding

effectively stop.

Oysters are overwintered in bags or cages. The longlines can be either submerged below
the surface, deep enough to avoid the ice, but not touch the seabed (using weights to counter
the buoyancy of the equipment), or the floats are removed from the bags/cages and the
structures are allowed to lie on the substrate. Sunken lines are located by GPS or by
triangulation to facilitate retrieval during winter harvesting or for re-suspension. Oysters are re-
deployed to the grow-out site the following spring; re-suspension is carried out as soon as

possible after ice break-up.

2.6 Harvesting

Harvesting occurs when oysters reach marketable size. During the ice-free period,
harvesting is generally done by boat; grow-out bags are light enough to be removed by hand

from the structures and loaded onto vessels. The heavier cages may require a winch to hoist
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them onto the boat. The transport boat typically unloads the bags and product at a landing from

where it is delivered by truck to a processing facility.

During the winter harvesting, the overwintering sites are typically accessed by all terrain
vehicles or snowmobiles. An access hole is cut through the ice with a chain saw or auger and a
portion of the stock is retrieved manually or with the use of manually-operated hydraulic

equipment. Divers may be required to assist in retrieval of the stock.

2.7 Predator Control

Predators are of greatest concern during the spat collection phase when oysters are small
and not protected within the grow-out bags. In some cases, predators such as crabs and starfish
are controlled by dipping the collectors for a few seconds in a freshwater or diluted lime bath.
Competitors or predators found within the grow-out bags are manually removed during regular

maintenance activities.

In gulf N.B. oyster culture, there are no control measures which could harm marine life
such as birds or mammals (i.e. anti-predator nets, acoustic scaring devices, etc.). The need for
predator removal is rare in the case of off-bottom oyster culture, because the stock is protected

within the grow-out structure.

2.8 Decommissioning

Within 90 days of cessation of aquaculture activities, the holder of the aquaculture
occupation permit or the aquaculture lease is required under provincial jurisdiction (N.B.
Aquaculture Act, 1988, c. A-9.2, and 91 158 of the N.B. Regulation under the Aquaculture Act) to
restore the site to the satisfaction of the Minister. If the holder does not restore the aquaculture
site within the prescribed time or in a manner considered satisfactory by that authority, NBDAA

will have the site restored, and the holder will be liable for all restoration costs.
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3 RISK MANAGEMENT FRAMEWORK

The Risk Management Framework is intended to provide a structured approach to decision-
making that takes into account the concepts of risk, uncertainty and precaution. A Risk
Assessment is a process used to determine the level of risk that residual effects pose to fish and
fish habitat based on the information currently available. Risk Assessments are used to

determine the technical parameters that are useful and feasible for risk management.

To assess risk to fish and fish habitat, one must consider the severity of the effects in the
context of the sensitivity of fish and fish habitat being affected by the activity. The Risk
Assessment Matrix (Figure 3) incorporates these two factors in order to characterize the level of
risk posed by the development proposal on the productive capacity of fish habitat. The rationale
used to locate the residual effects on the matrix forms the basis for decision-making.

Scale of Sensitivity of fish and fish habitat

Negative
Effect

Highly sensitive Moderately sensitive Low sensitivity T‘:L?t::‘

g
4

High

Medium

Low

None

Figure 3 - DFO Habitat Management Program’s Risk Assessment Matrix
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The following attributes are used to scale residual effects on the y-axis of the risk

assessment matrix (Table 1) and are adapted to aquaculture. Ratings are assigned to evaluate

the predicted effect of the activity. For every effect, the degree of adversity of each attribute is

assessed and this helps to determine the overall residual effect significance.

Table 1 - Attributes used to describe the scale of negative effects to fish habitat

Criteria Importance level rating
Low Medium High
Magnitude Localized effect on ~ Portion of a Affecting a whole
specific group, population or stock, populations,
habitat, or habitat, or habitat or
ecosystem, returns  ecosystem, returns  ecosystem, outside
to pre-Project levels  to pre-Projectlevels the range of natural
in one generation or  in one generation or  variation, such that
less, within natural less, rapid and communities do not
variation unpredictable return to pre-Project
change, temporarily levels for multiple
outside range of generations
natural variability
Geographic Extent | imjted to Limited to Extends beyond the
aquaculture aquaculture lease aquaculture lease
footprint and vicinity and vicinity area

Duration of Effect

Less than one

Less than one year

A year or longer

season
Frequency of Occurs on a Occursonaweekly  Occurs on a daily
Effects monthly basis or basis basis or more

less frequently frequently
Reversibility Effects are Effects are Effects are

reversible over
short term without
active management

reversible over
short term with
active management

reversible over
extended term with
active management
or effects are
irreversible
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3.2 Sensitivity of fish and fish habitat.

The sensitivity of fish and fish habitat (represented by the x-axis of the matrix) can be
defined in relation to the degree and duration of damage caused by a specified external factor.
Sensitivity may refer to the structural fragility of the entire habitat in relation to a physical impact,
or to the intolerance of individual species comprising the habitat to environmental factors, such

as exposure, salinity fluctuations or temperature variation.

Habitat can be defined as "the structural component of the environment that attracts
organisms and serves as a center of biological activity" (Peters & Cross 1992 cited in Auster &
Langton 1998). In this example, habitat would include the range of sediment types (e.g. mud,
sand, pebble, etc.); and bed forms (e.g. sand waves and ripples, mudflats, etc.) as well as the
co-occurring biological structures (e.g. shell, burrows, submerged aquatic vegetation, etc.).
Defining sensitivity for all these components is problematic. Ideally, models of sensitivity indices
for specific habitats, communities, and key taxa-based on the effects of specific activities, levels
of effort, and life history patterns (of both fish and taxa which serve a habitat function) would be
developed (Auster & Langton 1998). Such indices are not currently available; as a substitute, the
Habitat Management Policy recommends the use of a matrix analysis to determine the

sensitivity of fish and fish habitat.

This matrix uses general qualifiers to describe fish and fish habitat attributes (summarized
in Table 2). Sensitivity is defined in terms of species or habitat susceptibility to changes and
perturbations as result of an activity or modifications in environmental conditions, such as
suspended sediments, water temperature or salinity. Dependence is defined in terms of the use
of habitat by fish species; for example, some species may be able to spawn in a wide range of
habitats, while others may have very specific habitat requirements. Rarity is defined in terms of
the relative strength (abundance within a range) of a fish population or the prevalence
(ecological redundancy) of a particular type of habitat in a community. Resilience refers to the

ability of an aquatic ecosystem to recover from changes in environmental conditions.



Table 2 - Attributes used to define sensitivity of Fish Habitat
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Criteria Importance level rating
Low sensitivity Moderately sensitivity Highly sensitivity
Sensitivity Species/habitat Species/habitat Species/habitat
present are not present are moderately present are highly
sensitive to change sensitive to change sensitive to change
and perturbation and perturbation and perturbation
Dependence  Not used as habitat; or  Used as feeding, Habitat critical to
used as migratory rearing, and/or survival of species
habitat only spawning habitat
Rarity Habitat/species is Habitat/species has Habitat/species is rare;
abundant within its limited distribution; is ecological redundancy
range or community; confined to small is absent
ecological redundancy  areas; ecological
is widely present redundancy is present
Resiliency Species/habitat is Species/habitat is Species/habitat is

stable and resilient to
change and
perturbation

stable and can sustain
moderate level of
change and
perturbation

unstable and not
resilient to change and
perturbation
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4 [ECOLOGICAL RISK ASSESSMENT

Ecological risk assessment is based on the characterization of the potential effects and
characterization of exposure (US EPA 1998). Effects are linked to ecosystem receptors and
stressor-response profiles. Exposure is linked to potential pathways of effects, potential sources
and potential co-occurrence. Exposure is also related to the scale and intensity of activities.
The scope of this ecological risk assessment focuses on water column oyster aquaculture as it

relates to fish and fish habitat.

4.1 Effects characterization

4.1.1 Potential pathways of effects

The analysis of the potential pathways of effects is largely based on information contained
in the NAP documents ( Anderson et al. 2006, Chamberlain et al. 2006, Cranford et al. 2006,
DFO 2006, McKindsey et al. 2006a, Vandermeulen et al. 2006) as well as the Statement of
Knowledge (SoK) reports (DFO 2003a). These various papers, which undertook comprehensive
reviews of the science available, provide extensive details on shellfish aquaculture in general
and aid in the specific characterization of the potential effects of water column oyster
aquaculture. Consequently, the following sections only discuss some of the major points in a

cursory manner.

Many of the adverse effects and concerns in the conclusions from the NAP were linked to
studies conducted in Tracadie Bay, P.E.l. Much of the discussion and most of the modeling
results presented focused on the evaluation of carrying capacity for this bay, which is one of the
most intensively cultured and studied bays for shellfish aquaculture in the Gulf Region.
Approximately 40% of Tracadie Bay’s surface is leased for mussel cultivation, with an annual
mussel production of 2,000 t. From 1990 to 2001, the leased area grew from approximately 20%
to 40%, while the biomass of mussels increased by over 300%. This corresponds to an atypical
scenario and is not considered entirely representative of other bays or other types of shellfish
production in the region. Tracadie Bay has thus become a focal point for research on the
negative environmental effects of shellfish aquaculture. However, it remains unclear as to the
net effects of the culture on the overall productivity of the bay even in these circumstances.
Miron et al. (2005) found that the absence of a strong relationship between husbandry practices
and the studied benthic parameters might be related to the oceanographic characteristics and

land-based activities associated with the water system rather than direct and cumulative effects
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of mussel culture. Nonetheless, the NAP highlighted a series of concerns with regards to bivalve
aquaculture in general which are useful in this analysis. The reader may also refer to the

documents listed above for more information on benthic and water column effects.

Potential effects can be linked to the presence of oysters and the presence of structures in
the water. In the particular case of oyster aquaculture, one must also understand the functional
effects of natural oyster populations in an attempt to understand their role in aquaculture
operations. Interactions in the coastal zone between farmed bivalves and other organisms are
highly complex. Net habitat effects of bivalve aquaculture are difficult to disentangle from effects
of other anthropogenic activities (McKindsey et al. 2006a). In addition, net pathways of effects
on the environment can be both negative and positive. Figures 4 and 5 represent simplified
views of some of the complex ecological interactions that can occur in relation to bivalve
aquaculture. The scientific literature indicates a variety of levels of effects of bivalve farming

activities on the many compartments of estuarine ecosystems.
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Figure 4 - Conceptual diagram of the ecosystem effects of suspension-feeding bivalves. Solid
lines indicate transfer of materials; dashed lines indicate diffusion of materials; dotted lines
indicate microbially mediated reactions (Vandermeulen 2006 from Newell 2004).
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REMOVAL OF HUTAIENTS FROM INCREASED #IMARY PFRODUCTION PROYIDES FOOD SOURCE FOR
MARING ENVIAONMENTS BY PREDATORS {FISH, BIRDS)
HARVESTING *

RELEASE GF NUTRIENTS,
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DEGREASES PRYTOPLANKTON T PROVIDES ATTACHVENT + FCOD FOR

BOMASS + CHANGES COMPOSTION
O FILTER FEEDING — / LARGE EPIFAUNAL COMMUNITY
] ;
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INCREASED ORGANIC LOADING TQ

SEDIMENT COMPETITION WITH OTHER
NATURAL FILTER FEEDERS.
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Figure 5 - Potential pathways of effects from mussel culture systems; (FAO 2006)

4.1.2 Potential sources
Potential sources of effects that can be expected from shellfish aquaculture have been

identified by ICES (2004) and only the effects relevant to fish and fish habitat are summarized in
the table below (Table 3).

4.2 Exposure characterization

4.2.1 Adversity of exposure and effects

DFO used the lists of pathways of effects and endpoints of concerns to scope potential
interactions between oyster aquaculture and Valued Ecosystem Components (VECs). A
compilation of mitigation measures currently requested of the industry to protect fish habitat was
done and applied in the analysis of effects (Table 4). The information provided by the NAP,
scientific literature, and monitoring results was also used in the evaluation of the potential

residual negative effects to fish habitat.
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Table 3 - Summary of steps in bivalve aquaculture and their potential to influence fish habitat.

Based on ICES 2004 and adapted to N.B. water column oyster aquaculture.

1. Seed collection

a. artificial collectors
i removal of juveniles from wild population of target species
ii. increasing recruitment success of oysters or other species

iii. alteration of the hydrodynamic regime

iv. acting as fish attraction device (FAD)
2. Grow-out
a. effects common to all techniques

i organic enrichment of seafloor
ii. alteration of hydrodynamic regime (current speed, turbulence)

iii. food web effects: competition with other filter feeders, increasing recycling speed of nutrients

iv. providing food for predators of shellfish

V. control of predators and pests

vi. acting as artificial reef or FAD (attraction/displacement or enhancement of animals)
b. artificial structures (trestles, poles, rafts, longlines)

i risk of attraction of birds

ii. risk of damage to eelgrass

3. Harvesting
a. effects common to all techniques

i removal of biomass/nutrients

ii. removal of non-target species

iii. competition with predators

b. collection of off-bottom structures

i risk of trampling of substrate and vegetation
4. Processing

a. effects common to all techniques

i discard of epibionts

ii. discard of shells
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Table 4 - Review of potential ecological concerns of water column oyster aquaculture.

PATHWAY CONCERN POTENTIAL EFFECT DURATION OF | MITIGATION / OBSERVATIONS

OF EFFECT EFFECT

Addition of Changes in Physical structures can Grow-out e Site infrastructure is required to be aligned with dominant
physical physical modify the hydrodynamic period currents to minimize impacts on water flows.

structure in environment patterns of water . )

the water movements by impeding or o M|n|mal spacing recommended between structures of 3
column altering water flow. m (industry currently spaces structure 7-10 m apart)

Physical structures can
change flow patterns and
increase sedimentation
under the structures.

Physical structures may
become obstacles for the
movement or reproduction
of organisms.

o NWPA prohibits works in navigation channels.

e Structure is considered permeable to fish and marine
mammals, no leader, net or entrapment mechanism that
could impede migration or organism movement.

¢ No leader, lures, nets or other obstacles that could
impede movement, cause entanglement or attract
predators.

Overwintering of physical
structures may affect
benthic fauna or flora.

Overwintering
period

e Minimal concern as bags is typically overwintered during
the period of dormancy for most organisms.

e Overwintering is generally conducted in deeper waters
where presence of flora is limited.

¢ Re-suspension is done as early as possible after ice-out
to reduce losses.

Changes
affecting species
composition

Physical structures in the
water column may displace
certain organisms from the
footprint of the structure.

Physical structures in the
water column create habitat
for organisms by providing a
substrate similar to the
effect of an artificial reef.

Grow-out
period depends
on local
husbandry
methods and
faunal
community

¢ In water column oyster aquaculture, the footprint which
can exclude organisms from an area is considered minor.

¢ Oysters not available to predation within grow-out bags.

¢ No lures or bait that could attract predators or
scavengers. Oysters not within diet of large marine
predators, such as seals.

e Presence of epibionts on or falling off structures may
attract crustaceans, fish and birds.
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PATHWAY CONCERN POTENTIAL EFFECT DURATION OF | MITIGATION / OBSERVATIONS
OF EFFECT EFFECT

Structures provide a hard ¢ Preliminary studies suggest that species diversity near

substrate for opportunistic structures appears to be maintained although the species

organisms or also for composition may be altered.

colonizing organisms which o .

can serve as food for fish -dProtponernt r:ia? t%se:;acr:éts S|tre, ctiieplo%/ |tr?]isr,]tirnL:<i:zture and

and invertebrates. adopt appropriate husbandry practices to ©
colonization of other organisms.

Structures may affect Grow-out ¢ No species currently listed in N.B. estuaries.

aquatic Species At Risk Act | period . , , ,

(SARA). ¢ Potential risk of spatio-temporal interaction between
water column oyster aquaculture and aquatic SAR is not
significant given the spatial area where culture occurs.

Changesinlight | Physical structures in the Tidal e Siting of off-bottom aquaculture in eelgrass-free areas.
penetration water column may reduce dependant . )

the light availability to flora ¢ Minimal spacing of off-bottom aquaculture works at

. : minimum of 3 m, not to exceed 50% coverage of the site.

(i.e. eelgrass) directly under .

the structures. (industry currently spaces structure 7-10 m apart)

e Suspended aquaculture is to be anchored to allow
swaying with each tidal cycle and to avoid continuous
shading of the same area of eelgrass.
e Structures are to be designed and installed to maximize
opening to increase light penetration.
¢ The footprint of structures on the benthos is small.
Addition of Changes in The oysters maintained in Spawning ¢ Not a concern given that the oysters are recruited yearly
filter feeding population water column aquaculture period from wild sources and not from hatcheries.
bivalves interactions may reproduce with wild

populations of oysters.

The addition of oysters may | Grow-out Not expected to be an issue given that oysters are held in

cause a competition for period the artificial structures in the water column which create

space with other organisms.

additional space.
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PATHWAY CONCERN POTENTIAL EFFECT DURATION OF | MITIGATION / OBSERVATIONS
OF EFFECT EFFECT
The addition of filter feeding | Sporadic, ¢ Not expected to be an issue given that C. virginica is the
bivalves in the water column | duringeggand | native species of oyster and population interactions with
may cause removal of eggs | larval stages — | that species are expected to be similar in aquaculture as
and larvae of fish and within size they are under natural conditions.
benthic organisms. reference for
g gysters e Demonstrated preference by oysters for
microzooplankton as opposed to mesozooplankton.
e Narrow range of opportunity if within immediate vicinity of
feeding current vs. total surface of estuaries.
¢ Adaptation mechanisms within bivalve populations to
limit egg and larval predation of con-specifics.
e Observed presence of higher diversity of species within
natural oyster beds (including other bivalves).
The addition of oysters to Seasonal e Oysters are protected within the grow-out bags, except
the water column may for a limited time while on collectors.
attract predators.
ractp ¢ Fouling organism fall-off from growing structure may add
food to benthos.
¢ Additional gametes and larvae may contribute to food
web.
¢ No documented evidence of large predators near these
sites.
¢ Not a preferred food-source for large predators.
Changes in The additional biomass of Grow-out ¢ Not expected to be an issue given that C. virginica is the
plankton filter feeding bivalves to the period native species of oyster and population interactions with
abundance water column may cause a that species are expected to be similar in aquaculture as

depletion of plankton.

they are under natural conditions.

e Current densities are lower than historical densities
found in natural populations throughout the region.




N
-
o

PATHWAY CONCERN POTENTIAL EFFECT DURATION OF | MITIGATION / OBSERVATIONS
OF EFFECT EFFECT
Changes in water | The addition of filter feeding | Grow-out ¢ This effect is largely considered to be beneficial by
quality bivalves to the water column | period reducing turbidity, thus favouring the growth of aquatic
may remove significant vegetation.
quantities of particles from
the water column that can
reduce turbidity.
Changes in The addition of filter feeding | Grow-out o This effect is largely considered to be beneficial by
nutrient cycles bivalves to the water column | period removing excess nutrients through bivalve feeding as well
may play a significant role in as harvesting.
recycling nutrient and
benthic/pelagic coupling.
Changesiin Biodeposition from faeces Grow-out ¢ Not expected to be an issue under current stocking
organic and pseudofaeces may period oyster densities and given seasonal nature of operations.
enrichment increase sedimentation and Bays where water column oyster aquaculture sites occur in
enrich the benthos which N.B. are characterised as dynamic shallow water systems
could affect benthic with frequent resuspension of upper layers of sediment by
geochemistry and wind, wave, tides, storm-events and ice-scour which likely
organisms. reduce the effect of biodeposition.
Husbandry Changes caused | Equipment installation and Sporadic, e Access to the intertidal zone by motor vehicles other than
Activities by equipment regular maintenance during boats is prohibited under provincial regulations, unless

installation activities at the site may installation and | operating such vehicle on ice or frozen ground that is
temporarily increase maintenance completely covered by snow.
turbidity activities
May cause physical damage ¢ Anchors are to be sized and installed to minimize
to the eelgrass. dragging, preferably during winter (eelgrass dormant
period).
e Trampling, anchoring in eelgrass, are to be minimized.
Discard of Discards of epibionts during | Sporadic during | e Air-drying of the equipment through bag turning is the
epibionts maintenance may be maintenance recommended method of removal in the aquatic
deposited to the benthos. activities environment.

¢ Disposal and recycling of waste on land is controlled by
provincial and municipal regulations
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PATHWAY CONCERN POTENTIAL EFFECT DURATION OF | MITIGATION / OBSERVATIONS
OF EFFECT EFFECT
Discard of shells | Discards of shells during Sporadic during | e Not expected to be a significant issue, discouraged by
maintenance may be maintenance industry to prevent spread of boring sponge (Cliona celata)
deposited to the benthos. activities . e , .
¢ Incidental loss of small quantities is considered positive
for habitat creation
Use of artificial Potential to release Grow-out ¢ Bivalve aquaculture does not require the use of artificial
food, undesirable compound into period food, pharmaceuticals or chemicals for production

pharmaceuticals
or chemicals

the environment during
production or cleaning
activities.

purposes.

¢ Air drying is the typical method for cleaning equipment in
the aquatic environment. Pressure washing with water is
also used although less frequently. These methods do not
require chemical cleaning agents.

¢ Use of lime bath to remove predators on collectors is
sporadic.
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4.2.2 Scale and intensity of exposure

Concerns with regards to the adverse effects of bivalve aquaculture appear to be linked to
the scale and intensity of aquaculture rather than the type of culture or infrastructure used
(McKindsey et al. 2006b). In aquaculture, the scale and intensity is typically related to the
rearing density of the animals (numbers per area) and to the extent of the activity (area
occupied) (i.e. the level of exposure). Exposure is a function of sources, distribution and co-
occurrence in space and time between an effect and the receiving environment. The following

sections attempt to characterize the scale and intensity of oyster aquaculture in the sGSL.

4.2.2.1 Oyster production in the Maritimes

It is difficult to obtain precise landing values from oyster aquaculture in the Maritimes
because of the way statistics on oyster production are collected and estimated. For instance,
DFO keeps records of oyster purchases, as reported on sales slips, including data on both
commercial wild-harvested and aquacultured oyster statistics and it is not currently possible to

disentangle the respective proportion of cultured versus fished oyster from the values reported.

The Province of N.B. estimates aquaculture production based on an assessment of the
number of oyster growing bags in use. In 2004, for example, the Province estimated that
165,000 oyster bags were in production, with an average of 500 oysters per bag, which would
have signified approximately 82.5 million oysters (Government of New Brunswick 2004). Only
one fourth of these would have been available for harvest (production time of 4 years), which
would amount to 20.6 million harvestable oysters (approximate size of 60 mm @ 39.10g/oyster
for an approximate total of 805t) (Government of New Brunswick 2004). Robichaud
(unpublished) conducted an audit of oyster aquaculture leases in N.B. in 2006 and arrived at a

slightly lower estimate of approximately 140,000 bags.

A comprehensive survey (interviews, boat and aerial photography) of oysters under
production in N.B. concluded that between 990 and 1,249 tonnes of oysters (all sizes included)
were under cultivation in 2005 (Comeau et al. 2006). The discrepancy in production estimates
between the three main sources of information (producers, government officials and sales slips)
illustrates some of the difficulty in quantifying actual production. Comeau et al. (2006) estimated
the actual production of marketable oysters in 2005 to have been 679 t from aquaculture and

75 t from commercial harvesting, which puts the estimated total landings at 754 t.
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4.2.2.2 Scale of oyster aquaculture production

According to Morse (1971) interest in oyster farming, characterized by an expansion in the
number of leases and the development of seed production facilities and assistance programs,
began in earnest in the Maritimes in the 1940’s. Twenty years later, in 1966, it was estimated
that 87% of the total landings of oysters could be attributed to the public fishery and 13% from

public lease production.

Attempts have been made to project future landings by Unic Marketing which estimated
that the future contribution of aquaculture would gradually begin to increase and that it would
equal the contribution from the wild fishery by 2010 (Unic Marketing Group Ltd 2003). However,
based on the numbers above, it appears that these predictions have failed to materialize and
that aquaculture production remains below expectations. Landings from aquaculture production
may only be gradually replacing commercial landings, perhaps because natural oyster reefs
continue to be depleted (C. Noris, personal communication) and/or the industry may not be

expanding as rapidly as initially predicted.

4.2.3 Relative intensity of aquaculture production
The intensity of aquaculture production has been equated with densities of bivalves under
production for a specific surface area, or annual yield. Moreover, the culture intensity and yields

speak in part to the concept of carrying capacity.

Comeau et al. (2006) calculated that average densities of oysters grown in N.B. were
seven times lower than densities used in Normandy, France. The biomass of oysters
(0.23 kg/m? of leased area) in N.B. by comparison to mussels or with oysters cultured in other
areas in the world (10 — 85 kg/m?) is considered to represent a low intensity production (Comeau
et al. 2006). In Spain’s Rias Bajas, one raft (average 19 x 16m) is estimated to produce 50
metric tons, or 164 kg/m? (Tenore et al. 1982). This is one of the highest reported protein yields
per unit area and is only possible given the nutrient-rich upwelling conditions and high primary
productivity observed in this region. To illustrate the range of densities used in oyster
aquaculture, the following table (Table 5) shows oyster densities reported in the literature, along
with reported environmental effects. By comparison to the scale and intensity of these
operations, oyster aquaculture densities used in the Maritime Provinces, which are among the

lowest described in the literature, constitute a low-intensity culture situation.
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The comparison of yields and reported effects also provides some indications of
thresholds of exploitation, as well as site-specific environmental conditions, that can occur and in
which detectable and significant negative impacts can be observed. We are unaware of any
study which can demonstrate significant adverse effects of bivalve culture at the densities

observed in New Brunswick water column oyster aquaculture.

It is also interesting to note that the transition to off-bottom culture resulted in an actual
reduction of stocking densities of oysters compared to on-bottom operations and natural oyster
reefs. Moreover, oyster densities in natural reefs are estimated to have been 17 to 530 times
greater than those currently measured in aquaculture (Comeau et al. 2006). Oysters in natural
and healthy oyster reefs (Table 6) occur at densities in excess of hundreds of oysters/m? (500 —
4,000 oysters/m? roughly equivalent to 25 to 55 kg/m?) (DeAlteris 1988; Paynter 2002; Harris
2003).
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Table 5 - Yields of oysters produced in aquaculture, from temperate ecosystems, converted when applicable to a standard equivalent
of metric tonnes per hectare per year (McKinnon et al. 2003)

Species Region, Average Method Reported environmental effects Reference
country t hy;ki,ﬁ Benthic infauna / epifauna Organic / inorganic Redox / sulphides
loading
C. gigas Tasmania, 20 Longlines No significant differences in No significant trends | No negative redox (Crawford et
(Australia) benthic infauna in organic carbon measurements found al. 2003)
along farm transects | beneath farms
C. gigas River Exe, Trestles Decreased abundance of Increased Reduction in depth of (Nugues et al.
(England) macrofauna (half) restricted to | sedimentation rate, oxygenated layer 1996)
footprint increased organic (footprint)
content (footprint)
C. gigas Arcachon 13 Tables Increase in meiofauna Elevated organic Elevated oxygen (Castel et al.
(France) abundance (3-4 times) and carbon levels demand and anoxic 1989)
decreased macrofaunal (footprint) conditions
abundance (half)
C. gigas Thau 10 Rafts, (Chapelle et
(France) “semi- al. 2000)
intensive”
C. gigas New 8 Racks No marked trend in More elevated No evidence of highly (Forrest &
Zeland macrofauna species richness, | sedimentation enriched conditions Creese 2006)
species composition and directly under racks
dominance patterns
C. gigas B. C. 4 http://www.agf
(Canada) .gov.bc.calfish
_stats/statistic
s-aqua.htm
C. virginica | NB 4 Tables Macrofauna biomass, No organic Seasonal variations but | (Mallet et al.
(Canada) abundance and number of enrichment no significant differences | 2006)
species higher or similar between control and
culture sites
C. virginica | NB 2 Longlines (Comeau et
(Canada) al. 2006)




Table 6 - Documented biomass of oysters and macrofauna at natural oyster reefs
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Author Location Oyster Oyster  No. species Total Total
densities size associated macrofauna macrofauna
(approx #-m=2) (cm) macrofauna (#-m?2)*  biomass
(g-m?)*
Dame et al. 1984; South 1,000 - 2,000 37 2,476-4,077 214
Dame 1979 Carolina
Bahr & Lanier Georgia 4,000 6+ 42 38,000 705
1981
Lehman 1974 Florida 3,800 All 31 6,200 253
cited in Bahr and sizes
Lanier 1981
DeAlteris 1988 Virginia 10 -1,000 5-7
Harris 2003 Chesapeake 500 -1,000 Spat 18
Bay on
(constructed) shell
Milewski & Caraquet 67 - 84 All 3-14 32-216
Chapman 2002 N.B. sizes
ibid Miramichi 16 - 164 All 15-25 360 -2,572
N.B. sizes
ibid Cocagne, 35-379 All 18 - 27 440 — 2,848
N.B. sizes
ibid Bouctouche, 60 — 1,603 All 19-29 504 — 6,448
N.B. sizes
Sephton & Bryan Caraquet 250 - 420 All
1989 N.B. sizes

* Min-Max reported, **soft tissue wet weight

4.2.4 Potential co-occurrence

Another element to consider is the potential for co-occurrence between the activity and the

environment (i.e. competition for space). A common proxy to help assess the potential impact of

aquaculture operations is to estimate the proportion of the total bay surface which is occupied by

leases. Shellfish aquaculture lease sizes in the Maritime Provinces are mostly small, averages

range from 3.51 ha to 15.71 ha (Table 7), but some leases can be considerably larger. In N.B.

approximately 60% of oyster leases are smaller than 4 ha (Figure 6). Of the total number of

lease sites not registered as vacant, an unknown number of sites essentially lie fallow with little

or no effective activity (C. Noris, pers. com.).



Table 7 - Number and surface area of active leases issued by area in the southern Gulf of St.

Lawrence, 2001-2002.
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Leases Total surface area  Average surface
of leases area per lease
AREA Number Hectares Hectares
Prince Edward Island 776 2,721 3.51
Eastern New Brunswick 624 2,513 4.03
Gulf Nova Scotia 33 518 15.71
TOTAL 1,433 5,752 4.01

Includes all estuaries in N.B. where oyster aquaculture is conducted, except Baie des Chaleurs.
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Figure 6 - Surface areas covered by active and vacant oyster leases in N.B. (data from NBDAA,

2007: n=658)
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A GIS analysis of the area of leases area to total estuarine waters surface area shows that
less than 5% of the surface of N.B. estuaries is defined as lease area, for all techniques included
(data from NBDAA). Within these leases, the effective coverage or actual footprint of the
aquaculture gear is limited by several factors (e.g. vacant space, navigation channels, unsuitable

water depths in the lease, etc.). Thus the effective coverage is calculated as follows:

For a lease with a total surface area of 1 hectare: 100 m X 100 m = 10,000 m? (x)

Longlines -10 per hectare
Total surface area occupied by longlines = (60 m X 2.0 m) X 10 = 1,200 m? (y)
Percentage of lease covered by gear=(y +x) X100 =12%
Cages -240 per hectare
Total surface area occupied by cages = (2 m? X 240) = 480 m? (y)
Percentage of lease covered by gear=(y +x) X100 = 4.8%

Therefore the aquaculture gear typically occupies between 5 to 15% of the surface area of
a lease; or less than 1% of most bays. The footprint associated to the gear should likely be
considered more representative of the affected area, in terms of fish habitat, rather than the total

surface of the lease of which much of the lease area is not utilized.

4.3 Sensitivity of fish habitat

4.3.1 Characteristics of estuaries in N.B.

The biological composition of fish habitats in estuaries is generally found to be dynamic,
constantly evolving and responsive to varying environmental gradients (Attrill & Rundle 2002;
Attrill & Power 2004). In general, estuaries in eastern N.B. share similar characteristics. They are
partially enclosed and protected from the open sea by systems of dunes and barrier islands. The
different combinations of freshwater and saltwater inflow, precipitation, temperature, tidal range,
dissolved oxygen, sediments loading and wave action lead to the development of a range of
connected fish habitats within the estuary. Spatial delimitation between these various fish
habitats is defined by nuances in physical, chemical and biological characteristics. These in turn
affect the sediment characteristics, nutrient and oxygen availability, desiccation and immersion
profiles, water temperature and salinity, etc. Current flow and wave action generally determine
the sorting of sands, gravels and silts and the formation of mud and sand flat areas, salt

marshes, sand or gravel beaches, shallow inlets and bays.

Eastern N.B. estuaries are generally shallow; as a result, the seasonal range in surface
water temperature is among the highest in Atlantic Canada. Typically, water temperatures will

reach 16-22°C in the summer; and -1°C to 5°C in the winter (DFO 1996). Seasonal ice generally
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covers these estuaries between December and March. Hence, overlap of boreal and temperate

fish species can be observed with a north-south gradient in species composition.

The sGSL is considered a biologically diverse region and an important spawning ground
and nursery area for a number of commercially important fish species (DFO 2001). N.B.’s
estuaries contribute significantly to the overall ecological richness and productivity of this region.
Two characteristics of this production is the large seasonal increase in plankton and the variety

and abundance of larval fish and invertebrate species (DFO 2001).

Intertidal and subtidal areas support pelagic, benthic and burrowing communities of
organisms. The location and composition of these communities is determined mainly by the suite
of physico-chemical variables. Plant and animal communities depend on ambient conditions for
providing nutrients, oxygen and carbon supplies. Another factor influencing the nature of these
communities is the bathymetry or depth profile and the degree of wave action. Wave action,
particularly during storms, ice-scouring (Robertson and Mann 1984) and exposure may in turn
affect intertidal communities. This is likely to be more observable in shallow waters and can

result in varying levels of sediment and biota transport and turbidity.

The salinity structure in estuaries is primarily determined by the seasonal freshwater
discharge. Attrill and Rundle (2002) suggested that estuarine compartments are mainly defined
by salinity which is a primary factor affecting the distribution of estuarine communities. Stable
groupings of species tend to follow thermal or salinity boundaries (Attrill & Rundle 2002). In
eastern N.B., the salinity gradient typically increases from low levels near the inshore freshwater
source to higher levels where the estuary opens into marine conditions of the sGSL. Salinity
stratification may occur in deeper regions of the estuary during certain seasons, but typically the
shallow periphery of the estuary is homogenous because of active wave and current mixing.

Relatively stable salinities are found near the freshwater tributaries and the estuary mouth.

4.3.2 Sensitivity characterization

The principal distinction between natural oyster populations and oyster aquaculture with
regards to its influence on the sensitivity of fish habitat is tied to the presence of physical
structures which have the potential to have localized affects on the physical characteristics of
estuaries, such as wave and tidal currents, turbidity and sediment mixing. When compared to
storm events, the influence of physical structures in the water appears minimal, and unlikely to

affect the sensitivity of fish habitat. Stochastic natural events are more likely to have significant
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and widespread impacts on estuarine plants and animal communities than aquaculture activities
(Mallet et al. 2006). These natural disturbances are believed to be necessary conditions for the
maintenance of stable biotic communities, since they promote the redistribution of resources

within the ecosystem (Rykiel 1985).

As seen above, variability is inherent to the physico-chemical and biological characteristics
of estuaries. Estuarine plant and animal communities need to be able to endure significant
seasonal and geographic variability in conditions. They have to be well adapted to survive the

physical stresses imposed by these extremes.

4.3.3 Sensitivity of fish species

Many species in the sGSL region are dependent on estuaries for at least a phase of their
life history as feeding, nursery, migration and/or spawning habitat. They are thus potentially
vulnerable to impacts from habitat alteration. Particularly susceptible are species or species
groups that require estuaries or freshwater tributaries as primary larval or post-larval habitat. In
the N.B. region, these species include anadromous fish such as striped bass, blueback herring,

alewife, American shad, sturgeons, rainbow smelt, Atlantic tomcod and winter flounder.

Other commercial fish species found in estuaries include various species of bivalves, such
as mussels, quahogs and clams and crustaceans, such as rock crab and lobster. The effect of
water column oyster aquaculture on these fish species is generally considered minimal as the
structures do not impede fish movement. In addition, Powers et al. (2007) and DeAlteris (2004)
demonstrate that aquaculture structures can provide biogenically structured habitats that

function as nursery and feeding habitats for juvenile fishes and mobile invertebrates.

4.3.4 Sensitivity of submerged aquatic vegetation

In N.B. the fish habitat most likely to co-occur and to be affected by oyster aquaculture is
eelgrass (Zostera marina) beds. Zostera is considered important in maintaining desirable
ecological properties of estuaries due to photosynthetic activity, its role in biomass accumulation
and in nutrient cycling. In addition, eelgrass plays a important role as a nursery habitat for a
variety of fish and invertebrate species (Locke & Hanson 2004) such as juvenile white hake and

small cunners (Joseph-Haché et al. 2006).

Several factors are known to affect potential eelgrass growth and recovery (UK Marine
special areas of conservation 2006), such as: the removal of habitat; the creation of unstable

substrata; the fragmentation and destabilization of Zostera beds caused by factors such as
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changes to coastal processes; physical damage or stochastic weather events; reduced rhizome
growth and seed production; reduced light penetration caused by increased turbidity, changes in
salinity, pollution or epiphyte smothering; nutrient enrichment; declines in epiphyte grazer
populations; unusual increases in waterfowl grazing pressure; non-native macrophyte species,

exposure to extreme temperatures, which may increase the susceptibility to disease.

Worldwide, two of the most important threats to submerged aquatic vegetation are disease
and anthropogenically induced eutrophication (Short et al. 2001). Nutrient pollution effects on
eelgrass and nitrogen loading from a variety of sources such as agriculture run-off, sewage, and
fish plants are described to varying degrees in N.B. estuaries (Conservation Council of New
Brunswick 2004, Lozte et al. 2004).

In oyster aquaculture, eelgrass may be affected principally by incidental removal (mooring,
boat wash, trampling, etc.), by biodeposition or by shading. This effect is variable in spatial
distribution and severity and appears tied to the equipment’s footprint. Table 8 describes some
impacts of different activities on Zostera populations and observations about its resilience. It
shows that in general, Zostera is not overly sensitive to changes and perturbations. Auster &
Langton (1998) observe a consistent pattern of resilience of Zostera populations in studies of the
impacts of fishing activities. Table 8 also lists pre and post impacts from a number of activities,
such as oil spill, herbicide application and wildlife grazing. Other than those cases of intense

removal of stems and meristems, effects on Zostera appear to have minimal long term impacts.

At present, rarity is generally not a concern in N.B., as Zostera meadows are ubiquitous
throughout the region and eelgrass is the dominant attached vegetation in these estuaries
(Joseph-Haché et al. 2006). There are signs, however, that cumulative human activities are
having growing impact on these meadows. Increased shoreline developments, recreational and

touristic activities are having notable physical impacts.

Globally, studies show that increased nutrient loading to estuaries can lead to eelgrass
disappearance (Hauxwell et al. 2001,Lotze et al. 2003, Cardoso et al. 2004). Locke (2005) has
observed that the above-ground biomass and percent cover of eelgrass in estuaries along the
Northumberland Strait are showing signs of decline; disturbance by the introduced green crab
and global environmental changes are mentioned as possible explanations (Locke 2005). Thom
et al. (2003) suggest that climate variations can have profound effects on eelgrass. They found
that large-scale changes climate may strongly influence eelgrass abundance that can vary by as
much as 700% annually.



Table 8 - Summary of findings on Zostera sp. recovery and sensitivity to various impacts.

Habitat Source of Location Results References
effect
Eelgrass Scallop North Carolina | Comparison of reference quadrats with treatments of 15 and 30 dredging in Fonesca et
dredge hard sand and soft mud substrates within eelgrass meadows. Eelgrass biomass | al. 1984 in
was significantly greater in hard sand than soft mud sites. Increased dredging Auster &
resulted in significant reductions in eelgrass biomass and number of shoots. Langton
1998
Eelgrass Clam rake North Carolina | Comparison of effect of two fishing methods. Peterson et
and and “clam al. 1987 in
shoalgrass | kicking” Raking and “light” clam kicking treatments, biomass of seagrass was reduced Auster &
approximately 25% below reference sites but recovered within 1 year. Langton
1998
In “intense” clam kicking treatments, biomass of seagrass declined
approximately 65% below reference sites. Recovery did not begin until more
than 2 years after impact and biomass was still 35% below the level predicted
from controls.
Eelgrass Clam rakes North Carolina | Compared impacts of two clam rake types on removal of seagrass biomass. Peterson et
and (pea digger The bull rake removed 89% of shoots and 83% of roots and rhizomes in a al. 1987 in
shoalgrass | and bull completely raked 1 m2 area. The pea digger removed 55% of shoots and 37% Auster &
rake) of roots and rhizomes. Langton
1998
Seagrass | Trawl Western Noted loss of Posidonia meadows due to trawling; 45% of study area. Monitored | Guillen et
Mediterranean | recovery of the meadows after installing artificial reefs to stop trawling. al. 1994 in
Auster &
After 3 years plant density increased by a factor of 6. Langton

1998
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Eelgrass Recreational | Oregon Experimentally tested by raking or digging for clams in 1 m2 plots in eelgrass Boese 2002
clam meadows. After three monthly treatments, eelgrass measures of biomass,
harvesting primary production (leaf elongation), and percent cover were compared between
experimental and control (undisturbed) plots. Clam digging reduced eelgrass
cover, above-ground biomass and below-ground biomass in measurements
made 1 month after the last of three monthly treatments. 10 months after the
last clam digging treatment, differences between treatment and control were not
statistically significant.
Eelgrass Physical Danish sites Shallow eelgrass populations form characteristic landscapes with a Frederiksen
exposure configuration that is highly related to the level of physical exposure; the size and | et al. 2004
position of eelgrass beds changes substantially among years
Eelgrass Experimental | San Francisco | Eelgrass was removed from experimental plots. Substantial vegetative Fonsecal et
removal Bay + Puget recolonization (64.3 -81.8%) of test plots occurred within five months of al. 1983
Sound treatment. Rapid recolonization was explained by the presence of new shoots
migrating to excavated plots and reseeding.
Eelgrass Mussel Maine Aerial photography, underwater video, and eelgrass population- and shoot- Neckles et
dragging based measurements were used to quantify dragging impacts within 4 sites that | al. 2007

had been disturbed at different times over an approximate 7 year interval, and to
project eelgrass meadow recovery rates. Dragging had disturbed 10% of the
eelgrass cover. Dragging removed above- and belowground plant material from
the maijority of the bottom in the disturbed sites. One year following dragging,
eelgrass shoot density, shoot height and total biomass of disturbed sites
averaged respectively 2 to 3%, 46 to 61% and <1% relative to the reference
sites. Substantial differences in eelgrass biomass persisted between disturbed
and reference sites up to 7 year after dragging. The pattern and rate of eelgrass
bed recovery depended strongly on initial dragging intensity; areas of relatively
light dragging with many remnant eelgrass patches (i.e. patches that were
missed by the mussel dredge) showed considerable revegetation after 1 year.




Eelgrass Canada Maine A flock of Canada geese Branta canadensis L. over-wintered and grazed on Rivers &
geese eelgrass for 3 months. Before Canada geese were present, eelgrass Short 2007
grazing parameters demonstrated seasonal fluctuations typical of the region. During the

grazing event, eelgrass parameters declined drastically, and biomass losses
were significant. After the event, eelgrass recruitment via sexual reproduction
was minimal, and vegetative recovery was impeded by Canada goose
consumption of the plant meristems. Unlike studies in other locations, which
show seagrass quickly rebounding from annual grazing events, eelgrass in this
location showed little recovery from grazing 1 year after the event.

Eelgrass Wasting Delaware Eelgrass declined precipitously in the 1930s due to the pandemic wasting Orth et al.
disease USA disease and a destructive hurricane in 1933. Natural recovery of Z. marina, 2006

possibly deriving from either small remnant stands or undocumented transplant
projects was significant in four northern bays, with over 7319 ha reported
through 2003 compared to 2129 ha in 1986, an average expansion rate of 305
per year. This rapid spread was likely due to seeds and seed dispersal from
recovering beds.

Zostera sp. | Exposureto | Laboratory & Zostera capricorni was exposed to 10 and 100 pg herbicide solutions for 10h. Maclnnis &
herbicides Australia Laboratory samples exposed to these herbicides were severely impacted during | Ralph 2003
Atrazine, the exposure period and most treatments did not recover fully after 4 days. In
Diuron and situ samples were severely impacted by Irgarol and Diuron exposure whereas
Irgarol samples recovered completely after exposure to Atrazine at the same

concentrations as the laboratory experiments.

Zostera sp. | Brantgoose | Europe "Wasting disease" affecting Atlantic Zostera stocks during the 1930s was at Ganter

grazing least partly responsible for a steep decline in Brant goose population sizes on 2007

both sides of the Atlantic. While Zostera is of outstanding importance as food for
Brant geese, the impact of the geese on Zostera stocks seems to be less
important - at many sites, the geese consume only a small amount of the
available Zostera, or, if they consume more, the seagrass can regenerate fully
until the following season.
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Eelgrass Oil spill Alaska A year after the Exxon Valdez oil spill, eelgrass densities were 24% lower at Dean &
oiled sites compared to control sites. Recovery of eelgrass occurred by the Jewett 2001
second year, with no significant differences noted between oiled and control
sites in subsequent years.

Zostera sp. | 2-4-D New The industrial herbicide 2-4-D was used to clear eelgrass from oyster grounds in | Mallet pers.

herbicide Brunswick part of Baie Brulée in 1968. Surveys in 1986 showed that the area was densely | com.
vegetated with eelgrass; eelgrass beds covered 97.7% and 46.1% of the area of
the bay in St. Simon Sud and St. Simon Nord, respectively. SEnPAq
1990a
Zostera sp. | Oyster California Study plots were established to test the effect of oyster line spacing distances of | Rumrill &
aquaculture 1.5 ft (narrow), 2.5 ft (standard), 5 ft (wide) and 10 ft (very wide). They Poulton
examined the eelgrass, benthic infauna cores, deployed baited fish traps and 2004

measured water quality, sedimentation, light intensity, and oyster growth. After
two years, eelgrass spatial cover and shoot density were consistently high
within the control (reference areas) and lowest within the 1.5 ft oyster line
spacing plot. Eelgrass metrics generally scaled directly with oyster density, and
the spatial cover and density of eelgrass plants within the 10 ft spacing plot
were within the range of variability observed in the reference (control) study
plots.
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4.4 Significance of ecological risk

The concept of significance can not be separated from the concepts of "adversity" and
"likelihood" and must be considered by taking into account the implementation of mitigation
measures (CEAA 1994). The following definitions represent guidance for the determination of
significance and were elaborated based on the CEAA and the HMP Risk assessment

framework:

e Significant : A residual environmental effect is considered significant when it induces
frequent, major levels of disturbance and/or when the effects last longer than a year and
extend beyond the project boundary following the application of mitigation measures. It

is either reversible with active management over an extended term or irreversible.

e Not-significant : A residual environmental effect is considered not significant when it is
infrequent, minor or negligible levels of disturbance and/or damage and when the effects
last less than a year and are contained within the project boundary following the
application of mitigation measures. An effect that is not significant is reversible with or

without short-term active management.

The significance of the ecological risks associated with water column oyster aquaculture is
based on the best current available information in the context of our understanding of the
ecosystem dynamics. The following points discuss some of the more complex concerns that are
typically raised and where ongoing research occurs in regards to water column oyster

aquaculture effects on fish and fish habitat.

4.4.1 Biodeposition

One of the principal concerns with regards to the potential negative effects of bivalve
culture is related to the increased deposition of organic matter associated with the accumulation
of faeces and pseudofaeces as well as the deposition of shells and attached epifauna from the
structures and changes to the hydrodynamics of the site. The impact of these effects on the
benthos can range from significant, in the case of intensive Asian and European culture
practices, to minimal in the case of semi- to low-intensity operations; (Chamberlain et al. 2001,
Crawford 2003, McKindsey et al. 2006a). It would therefore appear that there is a potential for

localized negative effects on the ecosystem due to increased organic loading within the footprint
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of individual farms under certain conditions (e.g. heavy loading, low flushing rates, shallow water
depth, etc.).

Models can be used to predict the dispersion of biodeposits as they fall from the
aquaculture works and assess the extent of the activity’s footprint. Chamberlain et al. (2006)
show that in shallow depth sites, such as in water column oyster aquaculture, deposits are
expected to fall largely under the equipment. They also show that particle flux is correlated to
the stocking density of the cultured species and also that resuspension and mixing of these
particles are likely to occur in shallow systems. Thus, the impact of biodeposition depends
largely on the density of shellfish present at the site and extent to which water exchange will

disperse of the deposits.

In the case of water column oyster aquaculture, studies on sedimentation rates in St.
Simon Bay N.B. showed that deposition rates increased at culture sites possibly from the
oysters, fouling organisms and hydrodynamic effects of the equipment (Mallet et al. 2006).
However, the mean organic content of the sediment deposited at the Oyster Table site (20.2%)
was not significantly different from the Floating Bag (20.8%) or the Reference sites (21.8%)
(Mallet et al. 2006). The authors suggested that the lack of enrichment of the sediments
indicated that the organic matter in the biodeposits was not being incorporated into the

sediments and was either washed away and/or rapidly processed by the benthic community.

When organic enrichment occurs, as seen in intense finfish aquaculture, it can cause
alterations in the benthic community; reducing species diversity and richness as the impact
accentuates (Pearson and Rosenberg 1978; Rosenberg 2001). Mallet et al. (2006) concluded
that, the number of species and macrofaunal abundance was similar at the culture and the
reference sites, and there was no evidence of opportunistic species typically associated to highly

disturbed areas.

The use of Eh/Sulphide analyses of the sediments was developed for finfish aquaculture
as a quantitatively index of organic enrichment and the formation of anoxic sediments and levels
were correlated with the composition of the benthic community (Wildish et al. 2001). This
technique has been applied elsewhere but to date no significant impact was detected for the
analyses of the sediments under oyster sites (Mallet et al. 2006) in Baie St. Simon N.B., one of
the most intensively cultured bays in the Province. Mallet et al. (2006) found that Eh/Sulphide
levels at oyster sites were not significantly different from reference sites. Additionally, as part of

an MOU with the N.B. provincial government, the NBDAA has initiated surveys to measure
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Eh/Sulphide levels in and around oyster aquaculture sites. In 2006, sites within two bays which
are considered important oyster aquaculture areas were assessed on and off leases. They
found that in Baie St. Simon and in Richibucto, levels of sulphides in the sediments averaged
314 uM and 159 pM, respectively (data from NBDAA). The maximum levels observed 1410 uM
and 1165 uM for Baie St. Simon and Richibucto respectively, occurred outside the leases in the
deeper areas of the navigation channels (data from NBDAA). Hypoxic conditions in the
sediments occur at sulphide values of 1,500-3,000 uM while anoxic conditions correspond with
levels of 3,000-6,000 uM or more (e.g. Wildish et al. 2001, Holmer et al. 2005).

Therefore, there is no indication to date of significant or adverse effects associated with

the increase in biodeposition under water column oyster aquaculture sites in N.B.

4.4.2 Carrying capacity
There is concern over to the potential effect of increasing the oyster biomass on the
carrying capacity of estuaries. As shown in section 4.2, the intensity observed in water column

oyster aquaculture in N.B. differs significantly from other regions in the world.

Several attempts have been made internationally to determine the carrying capacity of
estuaries for shellfish production. One of the main obstacles is the lack of clarity in the definition
of carrying capacity. For shellfish culture, McKindsey et al. (2006b) favour the use of “ecological
carrying capacity” which represents the point where the stocking density on the farm is high
enough that it can cause unacceptable environmental impacts. Typically, the carrying capacity
for shellfish is based on the biomass which can be supported in a given bay in terms of food,
habitat, water quality and other necessary parameters. Research in this area has been limited
by the complexity of seasonal and size related changes in energy requirements of shellfish,
seasonal changes in productivity, trophic characteristics of estuarine communities and
hydrodynamics of many areas. Various problems have been reported in the literature about
models used to determine carrying capacity and their requirement for long term environmental
data collection. Newell (2007) highlights the shortcomings of current models in accurately
representing conditions observed in shellfish aquaculture and lists the steps required to improve
these efforts; including a better account for ecosystem functions provided by bivalves which
have desirable (e.g. economic, environmental remediation and nutrient trading scheme)
outcomes. In particular, these models need to take into consideration the cumulative effects of

neighbouring human activities (e.g. nutrient run-off, sedimentation, etc.) (ICES 2003).
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The carrying capacity of a given system is not at a static or unchanging level. Seasonal
changes in temperature, food supply or other factors can affect the capacity of a bay or estuary
to support the organisms within it (Carver and Mallet 1990). Bivalve culture is strongly
influenced be the quantity of food (i.e. plankton and organic particles) which is available in the
water column. The Aquatic Ecosystem Section of DFO in the Gulf region initiated the Shellfish
Monitoring Network (DFO 2007) (https://www.glf.dfo-mpo.gc.ca/sci-sci/smn-rmm/intro-e.jsp) in order
to examine spatial and temporal variations in shellfish productivity using standardized cage
systems in bays with oyster or mussel culture in the sGSL. For example, differences in growth
rates of bivalves in different bays between years are often more important than differences
between bays despite varying intensities of bivalve culture within the bays. This suggests that
productivity is linked more strongly to broad annual changes in nutrient inputs, plankton blooms
or temperatures than to grower interventions within a given bay. This monitoring of shellfish
productivity is ongoing and will continue to provide a baseline of shellfish growth so as to provide

an indication of ecosystem effects if changes outside of the natural variability are observed.

Given historical levels of natural oysters within N.B. estuaries (see section 5.2 Historical
state of oyster populations) as well as the comparisons with bivalve production in other regions
of the world, it appears that the ecological carrying capacity of these systems is not likely to be

adversely affected by the anticipated level of water column oyster aquaculture.

4.4.3 Nutrients

The effect of nutrient releases such as nitrogen and phosphorous from farmed oysters in
the form of faeces and pseudofaeces is generally considered of lower importance compared to
the regional inflow of nutrients in open water masses (Folke & Kautsky 1989, Kirby & Miller
2005, Ferreira et al. 2007). Generally, the excretions that oysters do produce are thought to be
rapidly assimilated by plankton in the water column (Pietros and Rice 2003). Shellfish in culture
consume ambient plankton and are not artificially fed. Thus they do not add nutrients but rather
can alter the nutrient dynamics and concentrate nutrients in the farm’s immediate surroundings
(McKindsey et al. 2006a). This concentration of nutrients can be difficult to assess in the water
column and explains why appreciable efforts are made to study benthic enrichment and

biodeposition, as discussed above.

Unlike finfish aquaculture, where one of the main ecosystem stressors is related to the
addition of nutrients, chemicals and pharmaceuticals in the form of fish food, bivalve aquaculture

represents an extractive activity, by which the bivalves filter food out of the water column and


https://www.glf.dfo-mpo.gc.ca/sci-sci/smn-rmm/intro-e.jsp
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these nutrients are removed from the ecosystem entirely at harvest. Sara (2006) conducted a
meta-analysis on the ecological effects of aquaculture on nutrients by comparing shrimp, fish,
bivalve culture as well as polyculture. The author concluded that the effect of aquaculture on
nutrients was highest in freshwater and lowest in marine water. Moreover, the author found that
bivalves appeared to have no significant influence on the dissolved nutrients and their “mean
size of effect” was negative (-0.03) unlike the positive values seen in shrimp (+0.71), fish (+1.10)
and polyculture (+1.80) (Sara 2006).

That said, although oysters are known to have been highly abundant historically, the role
of shellfish aquaculture in influencing the nutrient dynamics in estuaries, as well as in selective

grazing of plankton, remains an ongoing research topic.

4.4.4 Submerged aquatic vegetation

Another common concern relates to the potential damage to submerged aquatic
vegetation which is considered valuable habitat for several fish species (e.g. Chambers et al.
1999; Joseph et al. 2006; Vandermeulen et al. 2006 ). Marine plants such as eelgrass are
considered critical habitat in many parts of the world because they serve important ecological
functions, are often considered rare, and thus are often the subject of monitoring programs
(Short et al. 2001). It is important for many fish and invertebrates and contributes to the
ecological richness of the region. In N.B. estuaries, the eelgrass (Zostera marina) is considered
abundant in many bays. Surveys have shown that eelgrass beds can represent appreciable
portions of N.B. estuaries (SEnPAq 1990ab). For example, in Baie St. Simon Sud and in
Richibucto Bay 98% and 78% of the surface area of the bays, respectively, was covered by
eelgrass beds; these values do not exclude sediment types unsuitable for eelgrass. The
SEnPAq (1990ab) study is currently being used as a baseline with which to compare eelgrass
distribution. A DFO working group is presently assessing eelgrass as a potential indicator for
evaluating bay health in N.B. in collaboration with Environment Canada, Parks Canada and

universities.

Eutrophication remains the main concern to eelgrass productivity and is recognized as a
threat by increasing epiphytes on the leaves, and reducing water clarity which cause shifts in the
primary productivity from benthic vegetation towards phytoplankton. It is clear from the scientific
literature that shellfish filtration plays a critical role in improving water clarity which increases
light availability and enhances bioavailability of nutrients and thereby stimulating eelgrass growth
(e.g. Kennedy V.S. 1996; Newell & Koch 2004; Kirby & Miller 2005; Newell et al. 2005). This
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positive interaction can apparently be reduced in certain highly eutrophic settings such as in the

Thau Lagoon in France (e.g. DeCasabianca et al. 1997 and 2003).

Other concerns may relate to physical disruptions as eelgrass can be dislodged by
aquaculture activities such as trampling, anchoring, and powerboat wash. Past practices,
whereby oyster culture was conducted by partial removing of eelgrass in order to facilitate
removal of oysters and increase water flow, are no longer carried out. Vandermeulen et al.
(2006) state that the preservation of habitat can be achieved by ensuring adequate spacing
between lines and by minimizing physical impacts. Rumrill and Poulton (2004) found that oyster
aquaculture gear placed line-spacing at 3m exhibited eelgrass metrics that fell within the range
of variation observed in a series of reference areas while significant impacts occurred at smaller
line spacing. The current space left for boat navigation (typically >7 m) is typically greater than
the (>3 m) minimum spacing which was recommended by the NAP (Vandermeulen et al. 2006).
Dumbauld (2005 cited in Vandermeulen et al. 2006) states that eelgrass can recover in 1-2

years if left undisturbed.

Stephan et al. (2000) compiled results on the effects of impacts of fishing gear (i.e.
dredging, trawling, raking, etc.) on submerged aquatic vegetation and qualified the “injury
recovery potential” of eelgrass Zostera marina as “moderate” in comparison to ten other species
marine vegetation. Peterson et al. (1987) evaluated the effect of different intensities of
mechanical harvesting of clams (Mercenaria mercenaria) including the “clam-kicking” technique
which involves directing the propeller wash downward with sufficient force into the sediment to
displace the sediments thus exposing the clams for easy collection with a trawl. They found that
“intense kicking” had significant effects in reducing eelgrass biomass while “light-kicking” and
raking had much lower impacts. Eelgrass in the “light-kicking” and raking treatments recovered

to the level of the controls within 1-year.

Based on the studies of eelgrass resilience to anthropogenic activities presented above
and natural disruptions (e.g. grazing, ice-scours, annual variability with environmental
conditions), the potential effect of these physical disruptions associated to water column oyster

aquaculture is likely to affect a limited area and to be fully reversible.

4.4.5 Species interactions
Concerns with regards to species interactions typically relate to the presence of additional

oysters in the water column. Abgrall et al. (in prep.) completed a review of intra and inter-specific
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interactions between the oyster and softshell clam (Mya arenaria). Although cultured and wild
population interactions, such as predation, competition, etc. are likely to occur, there is no
indication that these interactions differ significantly from those occurring between wild
populations. Oysters cultured in the sGSL are native to this region and have co-existed with
other native species; therefore they are expected to retain similar biological interactions with

existing populations.

Other concerns relate to the structures in the water column. The study of the effects of
these types of structures has evolved into a research field which refers to them as Fish
Aggregation Devices (FAD) (e.g. Castro et al. 2002). Some authors have proposed that the
aquaculture equipment itself, and other structures, may contribute to estuarine productivity by
creating a hard substrate; availability of these surface areas can limit the colonization of certain
organisms (McKindsey et al. 2006a). Passing from an essentially two-dimensional sand-mud
habitat to a three-dimensional hard surfaced habitat can dramatically alter the surface area

available.

DeAlteris et al. (2004) conducted a study to compare the relative habitat value of
aquaculture gear (rack and bag), submerged aquatic vegetation (Zostera marina), and shallow
non-vegetated seabed. They found that the ecological value of aquaculture gear was significant
based on an assessment of resident and transient marine organism’s abundance and diversity in
the respective habitats. Aquaculture gear increased habitat complexity and supported higher
abundances of organisms than non-vegetated seabed; this was determined to be particularly
beneficial to recreational and commercial fish and invertebrate species in their early life stages.
DeAlteris et al. (2004) concluded that the relative habitat value of aquaculture gear is at least
equivalent to submerged aquatic vegetation. Powers et al. (2007) demonstrated that flora and
fauna associated to clam aquaculture gear (netting) was significant and that community structure
of mobile invertebrates and juvenile fishes utilizing leases was more similar to that of seagrass
than sandflat habitats. They found that the utilization by juvenile fishes was 3 times greater in

seagrass and 3 to 7 times greater in epibiota on mesh in clam leases than on sandflat habitat.

Similarly, a study done in the sGSL in 2006 monitored levels and types of epifauna found
on floating oyster bags (Mallet et al. in preparation). Undisturbed oyster aquaculture bags can
accumulate 500 g to 1500 g (wet weight) of epifauna (e.g. amphipods, algae, arthropods,
molluscs, etc.) per bag in one season. This can have important ramifications for the food web.

For example, the estimated abundance of the tube amphipod Jassa sp. reached over 185,000
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individuals per bag in the fall. This may represent an abundant food source for small fish (e.g.
sticklebacks, silversides, cunner, etc) which appeared to be feeding on the surface of the bags

(Mallet et al. in preparation).

In addition, the epibenthic fauna community was assessed in areas of suspended bag
oyster aquaculture in three N.B. bays in 2006. Trawls were collected within leases (0 m) and at
subsequent distances of 25 m, 100 m and 500 m away from lease edge (Skinner et al. in
preparation). In general, it was found that the total organism abundance and species richness
was significantly higher at lease sites than off-lease; lease site communities were generally
dominated by shrimp species and blue mussels. The contribution of aquaculture gear to habitat
value is explained in part by the fact that oyster culture creates several compartments (hard and
soft substrata, foraging, refuge and nursery habitat) and trophic levels (primary producers, filter-
feeders, deposit-feeders) within the water column (Mazouni et al. 2001). However, opportunistic
predators such as sea stars and rock crab (Cancer irroratus), which can be abundant in mussel
aquaculture sites and seen feeding on mussel fall-off, were only observed infrequently at the

oyster aquaculture sites (Hardy, unpublished data).

4.5 Conclusion of Ecological Risk Assessment

This Ecological Risk Assessment identifies and characterizes many of the risks to fish and
fish habitat relating to water column oyster aquaculture and discusses them in the context of the
scientific literature and ecosystem dynamics. It is important to note that this assessment should
be considered by habitat managers as a starting point and be revisited as new information

becomes available.

The research priorities identified in the NAP as well as others, once completed, will further
enhance and clarify some of the uncertainties involved with this activity. Moreover, we
recognize that uncertainties exist and will continue to exist as these are complex ecosystems

and more scientific research in this field is encouraged.

Itis clear that the “scale and intensity” of the shellfish aquaculture operation is the main
driver leading to potential negative effects. Culture of the native oyster in N.B. is practiced at
densities much lower than other regions in the world and the potential effects are considered
reversible and generally limited to site footprint. Based on the risk assessment matrix, our view
is that the residual “scale of negative effects” associated with water column oyster aquaculture,

as practiced in N.B., is low.
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In terms of sensitivity, eelgrass beds are the principal driver in the risk matrix as they are
considered important but are ubiquitous in many N.B. bays. Eelgrass also appears to be
resilient to severe impacts, provided water quality is maintained. Eutrophication and turbidity
appear to be the main factors affecting water quality and thus eelgrass sensitivity. Ensuring
water quality should likely be the focus for eelgrass health. Because of concerns with water
quality in general, our view is that level of “sensitivity of fish and fish habitat”, based on the risk

assessment matrix, is moderate.

In our view, the potential residual negative effects associated to this activity can likely be
managed with appropriate planning and mitigation measures. Water column oyster aquaculture,
as practiced in Gulf N.B., is not considered likely to significantly harm the productive capacity or
the integrity of the fish habitat in these ecosystems. Therefore, overall based on the current
state of knowledge and the scale of water column oyster aquaculture, we conclude that the
potential residual risk for significant adverse impacts on fish and fish habitat to occur is low and

that this constitutes a low-risk activity.

This view is also consistent with a DFO’s Aquatic Ecosystem Section advice on water
column oyster aquaculture as practiced in Gulf N.B., with a broader view on the role of
aquaculture (similar to NEBA considered in the following section). They concluded that this

activity represents a low risk to cause negative effects on fish habitat based on:

o the current husbandry practices (and the Code of Practice) employed by the oyster
aquaculture industry;

o the relatively low biomass of oysters on an aquaculture lease;

o the existence of naturally occurring reefs at densities in excess of the biomass
used in aquaculture;

e the high historical landings of oysters in N.B. which suggests a high natural
carrying capacity;

e the nature of shellfish as filter feeders in consuming and recycling nutrients;

o the problem of increasing nutrient load of estuaries associated with human
activities and the ability of filter feeders to help mitigate these effects;

e the harvesting of the shellfish on a yearly basis which can remove tonnes of
organic and inorganic matter from the bays; and

e the culture of oysters over the past decades in N.B. without significant

demonstrable adverse effects.
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5 NET EcoLOGICAL BENEFIT ANALYSIS

In the above risk assessment, the potential for environmental impacts of aquaculture
works were considered, here we consider the potential remediation role that oysters can play.
The NAP concluded that bivalves in culture appear to fill many of the same ecological roles as
natural bivalve communities, a role considered generally beneficial for a number of components

of temperate estuarine ecosystems.

Although oysters in aquaculture differ from reefs in their structural form, it is useful, in the
current assessment, to consider the ecological services played by oysters. Coastal ecosystems
and estuaries dominated by bivalves exhibit complex responses that are not easily explained by
linear dynamics (Dame et al. 2002). Net environmental benefit analysis (NEBA) is an elaboration
upon the conclusions of an ecological risk assessment which considers benefits, along with

risks, which can help managers in their decisions (US Department of Energy 2003).

5.1 Historical state of oyster populations

Milewski and Chapman (2002) provided a synopsis of the history of oysters in the province
as well as their ecological function and the challenges they face. A relatively complete time
series of oyster landings spanning between 1876 and today can be reconstructed from
published information allowing us to retrace the evolution and trends in landings for the last 130
years. This gives a relatively reliable chronological series for the evolution of the oyster
harvesting industry prior to the arrival of aquaculture. Newell (1988) proposed the use of this
kind of time-series as a means to infer information about past standing stocks of oyster reefs.
Based on Newell’'s example, data for landings were obtained from a number of sources; from
1876 to 1969 data obtained from Morse (1971); from 1971-1984 data obtained from Jenkins
(1987) in imperial pounds was converted to metric tonnes; from 1984 — 2004 data was compiled
by DFO from statistics obtained via sales slips, shown in the following graph (Figure 7). This
data demonstrates the general trends in the exploitation of natural stock of oysters. It also helps

to illustrate the scale of natural populations prior to current harvests.

At their highest in N.B., reported landings reached a peak in the order of 4,000 t, around
the end of the 1940’s. They had remained between the 1,000 to 1,500 t in the 75 years prior to
that. Since then, NB landings have remained consistently below the 500 t mark, with no

indication of commercial landings returning to pre-Malpeque numbers (Table 10).
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Figure 7 - Reported landings of oysters from commercial harvest 1876-2004 (Morse
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oyster biomass

10 161

35912

130 565

176 638

Estimated total

232

1857

2849

4 939
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Table 9 - Estimated historical quantities of oysters in the Maritime Provinces (based on Newell,
1988) compared to present aquaculture and fishery levels.

aquaculture
production (NBDAA,
2006; DFO statistics)

Estimated total 1249
aquaculture
production —all sizes

(Comeau, 2006)

Estimated oyster fishery 75
landings 65 mm +
(Comeau, 2006)

From these values, and based on Newell's (1988) approach, we can estimate that there
would have been a standing stock in the order of 176,000 t of oysters in all three Maritime
Provinces prior to the 1900’s; 10,161t for N.S; 35,912 t for N.B. and 130,565 t for P.E.I.
Considering the fact that landings are generally under-reported and that by the turn of the 20th
Century, a number of oyster beds in the Maritimes were already considered depleted (Morse,

1971) it is fair to assume that these numbers would represent a conservative estimate.

Based on the provincial estimates and the Comeau et al. (2006) survey, current
commercial and aquaculture productions combined would represent less than five percent of the
historical biomass of oysters. Therefore, this suggests that the combined standing stock of
oysters found in N.B. estuaries is significantly lower than the biomass that would have been
observed at the turn of the 20th Century. This is consistent with trends reported elsewhere in the
literature (Kirby, 2004).

This historical data of oysters in the Maritime Provinces suggest a high natural carrying

capacity and a natural dominance of oysters in these estuarine ecosystems.
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5.2 Characterization of reference state

Reference states are typically established based on pre-activity levels (i.e. before the
introduction of aquaculture). However, as shown above, the “baseline” by which we typically
compare the development of these activities have already shifted drastically from historical
levels. Determining where to locate the benchmark for comparisons and assessing what is a
“natural and productive ecosystem” is difficult given that our current viewpoint is already far
removed from previous levels. The reference state of many estuaries in N.B., as in many areas
on the Atlantic coast of North America, was characterized by an abundance of oysters at a level
which is now difficult to imagine (Gosling, 2003, Kennedy, 1996). The exercise above of
examining historical levels does provide a better perspective for evaluating the scale current
changes in our ecosystems and assessing the role of the oyster as a key component to what

was presumably a diverse, functional and productive ecosystem.

5.3 Ecological benefit characterization

McKindsey et al. (2006) describes effects of shellfish aquaculture on fish habitat. The
report provides detailed information on the role of bivalves in the ecosystem under natural
conditions, describes various shellfish culture methods, and evaluates whether those roles are
mimicked under aquaculture conditions. Their review of literature shows that bivalves are key

components of healthy fish habitat.

Moreover, several of authors have argued that oyster reefs can play a critical role in the
dynamics and resiliency of temperate estuaries. The reader can refer to the extensive review by
Dame (1996): The ecology of marine bivalves, an ecosystem approach. They make the
argument that oysters and their reefs contribute to the robustness of temperate estuaries; for
that reason, they have been termed keystone meta-populations (Dame et al. 1984,Ray et al.
1997); biogenic habitats (Kennedy V.S. 1996,Lenihan 1999,Cranfield et al. 2004,Kirby & Miller
2005); ecosystem engineers (Coen et al. 1999,Gutierrez et al. 2003); essential fish habitat
(DeAlteris et al. 2004); and critical estuarine habitats (Coen et al. 1997,McCormick-Ray 2005).

These ecological roles are summarized in Table 10.
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Table 10 - Summary of the functional effects of natural oyster populations on estuarine
components (based on Ray et al. 1997; Kennedy V.S. 1996; Ruesink et al. 2005; McCormick-

Ray 2005)

ESTUARINE ECOLOGICAL SERVICES PROVIDED BY OYSTERS

FUNCTION

Benthic Adds nutrients and precipitates faeces and pseudofaeces to benthos to feed

productivity demersal feeders, including lobster, crabs and endobenthic organisms. May depress
the ratio of centric diatoms (planktonic and eutrophic waters) in favour of pennate
diatoms (benthic and clear waters).

Biodiversity Provides increased niche space for ecological complexity and faunal abundance;
supports stenohaline species along a salinity gradient; sustains epizoan diversity;
modulate estuarine population structure toward desirable equilibrium. Provide
substrate attachment for plants and invertebrates.

Coupling of Benthic-pelagic coupling of nutrient. Consumption of phytoplankton containing

nutrients to
other habitats

Estuarine
resilience and
ecosystem
robustness

Filtration
capacity

Habitat
structure

Light regime

Metabolic
conversion

Shoreline and
sediment
processes

organic nitrogen NH,". Enhances N releases by sediment to atmosphere. NH ; re-
uptake by phytoplankton. Enhances composition of nutrient readily available to SAV.

Forms meta-populations and contribute to other communities as sources to restock
disturbed areas; long-term life span of oysters contribute to biomass stability in
estuaries. Increase habitat heterogeneity in the system and increase habitat
redundancy, which can add optional choices in species survival.

Permanent presence of long-lived bivalves exerts effective grazing control on
phytoplankton. High turnover rate potential of estuarine waters. Preferential sorting of
organisms by size, limits impacts on zooplankton; dampens algal blooms; filters
bacteria from water column.

Reefs form discrete hard substrate islands which provide limiting substrate. Shells
provide 3D substrate to other organisms for spawning, nursery and refuge habitats.
1 m? of shell bottom represents 50 m?2 of surface area for epifauna. These organisms
act as food sources for a variety of predators. Reefs provide migration and feeding
halts, creates matrix of seascape habitats which connects resource patches to the
benthos, marshes and other estuarine habitats. Dead shells can help stabilize
benthos, substrate for spat settlement and are recycled over time. Provide refuge
from extreme environmental conditions.

Removes POM/PIM from water column and enhances depth of Photosynthetically
Active Radiation (PAR).

Feeds on phytoplankton and converts energy into secondary production; release
gametes and larvae which feed other organisms, including zooplankton and other
filter-feeders. Forms spatial nodes of biological activity and couples benthic
heterotrophic activity to intense predator-prey interactions. This helps make
temperate estuaries among the most productive natural systems known (1 514 gCm-

2y ).

Reefs buffer against moderate storms and wave actions. Prevent the erosion of
channel banks, stabilize and protect the edges of salt marshes. Mucus-bound
biodeposits have enhanced particle cohesion and can resist erosion. Water flow
patterns. Alters benthic boundary layer and water column hydrodynamics which
enhances particle movements, feeding opportunities and particle dispersions.
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5.4 Comparison of alternate states

The critical role of oyster reefs is made the more apparent when they disappear from
estuaries, such has been the case in the eastern United States (Kirby 2004). Rothschild et al.
(1994), for instance, estimated that total oyster habitat in the Maryland portion of Chesapeake
Bay is probably 50% or less of what it was a century ago, that the remaining habitat is of
substantially poorer quality on average, and that the biomass per unit habitat is about 1% of that

at the turn of the century.

Such dramatic reductions in oyster populations are believed to have lead to cascades of
undesirable effects on community and ecosystem dynamics, such as the loss of top-down
control mechanisms on phytoplankton, which may have resulted in increases in nuisance and
toxic algal blooms, reduced water clarity, loss of submerged aquatic vegetation and loss of fish
populations (Kennedy V.S. 1996,Kirby & Miller 2005). It is reasonable to assume that a
comparable state of reduced contribution of the oysters to estuarine ecology exists in our region,
as that historical trend of systematic reef depletion has followed a similar course along the
eastern seaboard (Kirby 2004). This would represent a significant loss to the productivity and

function of these ecosystems as well as a likely reduction in water quality.

The current state is one of depleted natural oyster populations. It is estimated that
populations diminished by more than 90% following the Malpeque disease. In some regions a
100 to 1,000 fold increase in population would be required to restore the desired services
provided by oysters (Luckenbach 2004). Bivalve aquaculture is increasingly recognized as being
critical in providing important ecosystem services and public benefits, such as mitigating water

quality degradation (Powers et al., 2007).

5.5 Significance of ecological benefits

The significance of the ecological benefits of oysters can be observed in the decisions to
invest a great deal of resources in the restoration and reintroduction of oysters. In particular, the
rehabilitation of oyster reefs in temperate estuaries is considered critical in promoting a desirable
state of equilibrium, characterized by a production of fish species considered useful to society
(Ulanowicz & Tuttle 1992, Peterson et al. 2003). They conclude that increasing the number of
oysters, naturally or via aquaculture, would result in increased benthic primary productivity, fish

stocks, and zooplankton densities.
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Bivalve shellfish are increasingly considered for their role in restoration programs and their
use in mitigating negative impacts of land use activities (Landry 2002). Over the past years,
DFO-HPSD has issued several Fisheries Act subsection 35(2) Authorizations on projects
located in the estuarine and marine environment. Because these projects (e.g. wharfs, bridges,
etc.) were determined to cause harmful alteration, disruption or destruction (HADD) of fish
habitat, the proponents were required to compensate for lost fish habitat. In the Gulf Region,
most of the marine fish habitat compensation projects are related to reef creation because of
their positive ecological functions (Godin pers. com.). Restoration of oyster reefs is typically
recommended as compensation to offset the damages to fish habitat in other regions of the
world as well, and the net environmental benefits of such interventions are considered positive
(Newell 2004, Kirby & Miller 2005, Newell et al. 2005). Restoration of natural oyster reefs is
recognized as having significant ecological benefit and is often recommended as the preferable

option because of the overall gains in habitat structure and function.

In the United States, the National Oceanic & Atmospheric Administration (NOAA) is
actively involved and making significant investments in the restoration of oyster populations: in
Chesapeake Bay alone, this funding represented 5.4$ million in 2006 (http://chesapeakebay
.noaa.gov/RestorationMain.aspx). They state that: “At one time, oysters were so abundant in the
Chesapeake Bay that their reefs posed a navigational hazard to ships sailing up the Bay. Now,
because of disease, poor water quality, and decades of overharvest, the oyster population in the
Bay is at about 1% of what it once was. Federal and state agencies, industry, academic
institutions, and nonprofit groups have all been working hard to restore the native oyster
population to levels that will once again provide the level of ecological and economic services
that it once did.”

As shown above (e.g. Dealteris 2004; Powers et al. 2007), shellfish aquaculture equipment
can also serve as significant biogenic reefs which can increase the productivity of many
invertebrates and fishes. Although artificial means of increasing oyster populations through
aquaculture may not provide all functions of oyster reefs such as the 3-D habitat associated to
natural reefs (Coen et al. 1999), oysters aquaculture can be considered of significant ecological
benefit (Ulanowicz & Tuttle 1992). Aquaculture of the native oyster can also indirectly provide
broodstock sanctuaries as bottom oyster populations are re-established. There are anecdotal
reports of a number of bays where spawning and settlement of oysters have been restored, with
the presence of water column oyster culture, where none had occurred for a few decades (C.

Noris, personal communication).
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5.6 Conclusion on Net Ecological Benefit Analysis

Bivalve culture, by its very nature, is an extractive activity where success is tied directly to
environmental quality, natural supply of larvae and natural food availability. The FAO (2007)
states that the “Culture of molluscs is considered highly environmentally friendly as they do not
require any inputs for growth and utilizes nutrients from the surrounding waters”. In addition to
the value of the oysters themselves, the secondary productivity associated to the culture is also

likely of significant value to fisheries resources (e.g. Powers et al. 2007).

We estimate that the natural population of oysters in N.B. estuaries at the turn of the 20th
Century was approximately twenty times higher than current levels, including wild and
aquaculture levels. Removal of endemic habitat created by oyster reefs has likely resulted in
fragmentation, disturbance or elimination of ecosystem services, and net degradation of
desirable estuarine functions. Newell (1988) suggested that the loss of oysters in Chesapeake
Bay, due to disease and overfishing, contributed to undesirable ecosystem shifts in the food
webs leading to a rise in the biomass of predators such as ctenophores and jellyfish. The author
concluded that “an increase in the oyster population by management and aquaculture could

significantly improve water quality by removing large quantities of particulate carbon”.

There is mounting evidence that increasing the abundance of oysters is likely to restore
some of the ecological services such as water filtration, benthic-pelagic coupling, and top-down
control on phytoplankton once provided by natural stocks. These functions provide net benefits
beyond the provision of fish habitat over an extended time-frame. Oysters in aquaculture
structures are not considered different from oysters in nature. Thus, they can provide a number
of ecological services, which can potentially increase the functional and structural sustainability
of the ecosystem (Prins et al. 1997) and reduce the symptoms of ecosystem distress caused by
eutrophication (Newell 1988, Jackson et al. 2001, Newell & Koch 2004).

Habitat restoration plans increasingly recognize the role of shellfish in improving water
quality by assimilating and recycling large amounts of nutrients by feeding on plankton and thus
aiding to mitigate the effects of anthropogenic eutrophication (Officer et al. 1982). Ferreira et al.
(2007) discusses the economic potential for aquaculture operations as “nutrient sinks” to
essentially remove the nutrient pollution from other industries and profit from this clean-up;
similar to global emission trading mechanisms. In the U.S., in particular, where the loss of the
American oyster has resulted in dramatic shifts in ecosystem equilibrium, there is consensus

that restoration of oyster populations is critical in maintaining ecosystem health.
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This Net Ecological Benefit Analysis allowed us to gain a greater perspective on elements
which are not typically considered in an Ecological Risk Assessment. There remains a need to
better understand how distinct habitat types, such as oyster reefs, interact within landscapes in
order to better understand the contribution of aquaculture to supporting complex ecosystem
linkages (Duffy 2006). The exercise of examining both positive and negative effects of shellfish
aquaculture is informative, particularly in illustrating the challenge faced by managers in
weighing the effects of certain activities. This is particularly true when the dynamics of this
activity include non-linear relationships between multiple effects, both positive and negative,

such as the ones associated with increasing shellfish abundance (Figure 8).

We conclude that, when properly managed, oyster aquaculture is likely to provide positive
ecosystem services. This warrants further consideration as a key component in achieving

healthy ecosystem objectives.
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Figure 8 — Conceptual figure of relative effects associated to increased abundance of shellfish
(from Newell 2004)
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6 RISK MANAGEMENT ASSESSMENT

6.1 Identification of appropriate risk management options

The guiding principle for risk management is to achieve a reasonable degree of certainty
that significant adverse effects can be avoided through a rationalised and feasible approach
given the present knowledge limits, available options and resources. The HMP Risk
Management Framework identifies a number of mechanisms to address low risk projects.
Based on the framework and the perceived low risk associated with water column oyster
aquaculture activity through the Ecological Risk Assessment, DFO considered the use of
Operational Statements, letters of advice or Best Management Practices could have been

acceptable options as operational tools to address the level of risk.

However, given the projected growth of the water column aquaculture industry, DFO Gulf
Region favoured that EAs be managed by using the more rigorous Replacement Class
Screening Report (RCSR) approach for this activity. This approach is built on the knowledge of
the environmental effects of a given type of project while consolidating mitigation measures from
governmental federal authorities involved in the process. A RCSR typically includes mitigation
measures and Best Management Practices identical to those normally found in a site-by-site
evaluation and letter of advice. This approach is also favoured because of the heightened public
awareness and scrutiny surrounding aquaculture in general. The approach also implicitly
requires that the authorities reflect on the activity in the context of their longer-term planning and
bay-wide objectives as well as the acceptable levels of development that balance socio-

economic and ecological sustainability.

As explained earlier, a replacement class screening consists of a single comprehensive
report that defines the class of projects and describes the associated environmental effects,
design standards and mitigation measures for projects assessed within the report. It includes a
conclusion of significance of environmental effects for all projects assessed by the replacement
class screening. This type of report presents a summary of the accumulated knowledge on the
environmental effects of a given type of project and identifies measures that are known to
reduce or eliminate the likelihood of these adverse environmental effects. A RCSR is also
considered consistent with the more comprehensive Bay Management Framework (BMF), which
constitutes a broader integrated planning and regulatory framework. In addition, a RCSR is a

living document which includes provisions for revisions every five years, or whenever new
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information comes to light. Under a RCSR, yearly reporting of site review to the public registry is

also required.

6.2 Risk Communication

Management of oyster aquaculture will require communication of the findings of this risk
assessment. In N.B., like elsewhere in the world, the emergence of aquaculture as a relatively
new and growing resource use can be perceived to be a disruption of the long-established
status-quo between existing users (Burbridge et al. 2001,Shumway et al. 2003). The recent
growth of aquaculture has occurred along coastlines where there is already a high concentration
of other commercial, recreational and traditional resource users. This can provoke socio-
economic concerns relating to aesthetics, property value and boating access, which is not
unexpected, particularly in prime coastal real estate and recreational areas. In addition, the
utilization of maritime space for aquaculture purposes raises potentially complex property and

federal-provincial jurisdictional issues.

This risk assessment demonstrated that potential risks as they relate to fish and fish
habitat have been identified and that the assessment of likelihood, consequences and probability
of effects is based on reliable scientific evidence. The level of confidence in this approach is
high, particularly in the context of a Bay Management Framework (BMF) where spatio-temporal

interactions with ecological entities are reduced and/or avoided.

6.3 Risk monitoring, reporting and review

Research is being actively conducted by DFO, the Province of N.B., universities and the
aquaculture industry itself. In August 2000, DFO launched its Program for Sustainable
Aquaculture. The program reflects the federal government's commitment to increase scientific
knowledge to support decision-making, strengthen measures to protect human health, and make
the federal legislative and regulatory framework more responsive to public and industry needs.
Specifically, the program allocates $75 million over five years with $15 million each year
thereafter for: 1) environmental and biological science to improve the federal government's
capacity to assess and mitigate aquaculture's potential impacts on aquatic ecosystems; 2) the
Aquaculture Collaborative Research and Development Program, under which DFO partners with
industry by jointly funding R&D projects to enhance sector innovation and productivity; 3)

strengthening of the Canadian Shellfish Sanitation Program; 4) enhancement of the application
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of DFO's legislation, regulations and policies that govern aquaculture, particularly as they relate

to habitat management and navigation.

Additionally, monitoring programs are ongoing in order to collect baseline data. For
example, the Shellfish Monitoring Network has standardised cages housing mussels or oysters
in multiple bays in the Maritime Provinces to provide a baseline of shellfish productivity. Also the
Community Aquatic Monitoring Program’s (CAMP) is being conducted in 26 sites in the
Maritimes. CAMP is being used to build working relationships between DFO and community
environmental groups, academia and other interested parties as well as to collect information on
fish and invertebrate communities, water quality (e.g. temperature, pH, nutrients, etc.) and

aquatic vegetation with the collaboration of watershed groups in several bays.

The development of the bivalve aquaculture industry is being closely supervised in N.B.
The New Brunswick Shellfish Aquaculture Environmental Coordination Committee (NBSAECC)
provides a forum for inter-agency communication which tracks the continuously evolving
scientific and technical knowledge related to the activities of this sector and can recommend
changes in shellfish aquaculture management practices when needed. Representatives of DFO,
the Province of N.B., Transport Canada, Environment Canada as well as the New Brunswick

Professional Shellfish Growers Association (NBPSGA) sit on this committee.

Yearly, through the Canada-N.B. MOU for Aquaculture Development, the NBSAECC
meets to review the data resulting from field surveys and research conducted by academics,
federal and provincial agencies. If significant changes occur in the risk posed by the husbandry
methods (e.g. appreciable changes in intensity or techniques), the environmental conditions
(e.g. water quality), or in the state of knowledge concerning water column oyster aquaculture,
they are required to report updated assessments to senior managers of their respective
agencies. The Canada-N.B. Aquaculture Management Committee can thereafter make

decisions to address concerns.

Additionally, the BMF developed with the Province of N.B. is an example of a living tool
and is based on the premises of Adaptive Management to ensure the sustainable development
of the shellfish aquaculture sector. A management team has been established to regularly
review the outcome of the overall planning and regulatory framework to ensure it is regularly
adapted. The team will continue to evaluate the effectiveness of the BMF in regards to

integrated sustainable aquaculture development, based on sound planning and management.



7 CONCLUSIONS

The Habitat Management Program’s Risk Management Framework implicitly recognises
that all activities entail some risks which must be weighed in terms of the scale of negative effect
and the sensitivity of fish and fish habitat using the Risk Assessment Matrix (Figure 3). The
Ecological Risk Assessment characterizes many of the risks and assesses their significance in

the context of the scientific literature and ecosystem dynamics; in summary we conclude that:

e The overall scale of potential negative effects of water column oyster aquaculture in
N.B. is low. In general the sensitivity of fish and fish habitat is low, eelgrass which is
being affected by a number of anthropogenic impacts is considered moderately
sensitive. For that reason oyster aquaculture works in N.B correspond to a low-risk

activity on the HMP Risk Assessment Matrix;

¢ Given the low densities observed in water column oyster aquaculture in N.B., which
differ greatly from other regions in the world, for an activity where “most effects of bivalve
aquaculture seem to be related to the scale (intensity and extent) of aquaculture rather
than the type of infrastructure” (DFO 2006), the potential for significant residual effects

after mitigation is low;

e Thus the activity is considered unlikely to significantly harm the productive capacity or
the ecological integrity of fish habitat. The risks associated with water column oyster
aquaculture can be managed with adequate planning and mitigation measures through

an adaptive management approach.

The development of this risk assessment has lead to the evaluation of a number of
potential management tools available within DFO’s regulatory mandate. Given the conclusion on
the level of risk, the use of Operational Statements, Best Management Practices, etc is
considered adequate. Because of the heightened public awareness and scrutiny surrounding
aquaculture in general, the use of a RCSR is considered a prudent and appropriate operational
tool for integrating several regulatory and expert advices of federal departments to manage the

level of risk to fish and fish habitat posed by the oyster aquaculture industry.

Although the risk analysis framework generally focuses on negative effects and does not
presently integrate the Net Ecological Benefit Analysis into the decision-making process, we

found the exercise to be informative with regards to evaluating the complexities in ecosystem
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dynamics and in qualifying the overall effects of this activity. Accordingly, we believe that
shellfish aquaculture, when managed effectively, can provide many ecosystem benefits and can
contribute to the general environmental health of N.B. estuaries. The Net Ecological Benefit
Analysis also served to illustrate how our current view of temperate estuaries in our region is that
of an altered state (i.e. depleted oyster reefs) in comparison with the reference state which was
dominated by extensive bivalve meta-populations. This conclusion supports the general
approach taken by the HPSD of recommending the development of oyster reefs as
compensation projects for habitat losses. These types of considerations will likely become
increasingly important as governments continue to work towards planning and implementing a
more formal ecosystem approach to managing coastal activities based on regional objectives of

sustainable development.
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The objectives of this study were to compare the stocking density of suspended versus bottom oyster
(Crassostrea virginica) culture in Atlantic Canada and to estimate the capacity of these oysters to clear parti-
cles from the water column. Surveys of multiple leases indicated that stocking densities for floating bag and

floating cage culture techniques were on average 0.3 = 0.1 and 0.5 = 0.1 kg oysters m—2, respectively. Bot-
tom culture density was estimated at 1.0 = 0.1 kg oysters m~-2, whereas natural reef density was assessed at
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2.2+ 1.1 kg oysters m—2. In terms of grazing potential, suspended oysters had significantly lower gill areas

izltﬁ;m per unit dry tissue weight than bottom oysters. This result was consistent with power functions relating
Oyster clearance rate (CR, 1 h-1) to dry tissue weight (DTW, g). CR increases relative to DTW were significantly
Clearance lower in the suspended oyster category than in the bottom oyster category, as indicated by the exponent
Density in the relationships CR = 6.35 = 0.59 x DTW0.78+ 0.08 (hottom) and CR = 4.34 &= 0.32 x DTW0-41 + 0.08

(suspended). Based on this information it was calculated that CR per unit area (CRarea) in the most heavily
exploited leases was 66.5 = 8.5 (floating bags), 86.5 = 8.6 (floating cages), and 197.3 = 144.4 (bottom
culture) 1 h-! m-2. The CRarea for suspended techniques was on average 10 to 14 times lower than the CRarea
for healthy oyster reefs. A bay-scale assessment of an intensive culture site led to the conclusion that cultivated
oysters do not exert a dominant top-down control on phytoplankton abundance.

Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.

1. Introduction

The Eastern oyster, Crassostrea virginica (Gmelin 1791), has a re-
markable latitudinal distribution range along the Northwest Atlantic
seaboard. Native populations are found in the Gulf of Mexico (27°N)
and northward into the Gulf of St. Lawrence (48°N), Canada (Carriker
and Gaffney, 1996). In the two Canadian provinces of Prince Edward
Island (PEI) and New Brunswick (NB), oyster farming was first started
in 1865, when seed collected from natural reefs were transplanted to
leased bottom areas for the purpose of rearing oysters to commercial
size (Lavoie, 1995; Mathieson, 1912). However, since the early 1990s,
the traditional approach of relaying seed to bottom culture areas is
being progressively replaced by suspended culture. Novel suspension
techniques are being developed using various types of holding com-
partments. The most popular types are UV-resistant polymer mesh
bags often referred to as Vexar™ bags. These bags can be equipped
with individual floats (Fig. 1), or inserted into wire-mesh cage struc-
tures equipped with large floats (Fig. 2). Floating bags and cages are
attached to longlines deployed in the subtidal zone where they can be
flipped (180°) and temporarily exposed to the air to desiccate fouling
organisms (Mallet et al., 2009). Prior to the onset of winter and the
formation of a thick (~1 m) ice cover, entire longlines of bags or cages

* Tel.: +1 506 851 2723; fax: +1 506 851 2079.
E-mail address: luc.comeau@dfo-mpo.ge.ca.

are lowered onto the bottom either by removing the floats, or flooding
the flotation compartments.

From a farming perspective, there are several advantages to
suspending oyster stocks in the upper water column. This strategy
protects stocks from benthic predators and facilitates product grading
and harvesting procedures. Also, the relatively warm and elevated
food flux environment in the upper water column (Comeau et al.,
2010) enhances growth (Bataller et al., 1999) and shortens the pro-
duction cycle (Doiron, 2008). Oysters grown in suspension generally
reach market-size within 3 to 4 years, which is much faster than the
5 to 8 years normally required when grown on the substrate. Finally,
oysters grown in suspension are morphologically similar to those
growing at low densities on firm bottoms. They have a tendency to
develop round shells ornamented with radial ridges and foliated pro-
cesses (Galtsoff, 1964). By contrast, oysters grown on soft, muddy
bottoms tend to develop elongated and sparsely ornamented shells
(Fig. 3).

The first objective of this study was to gain a better empirical under-
standing of the stocking density of suspended oyster culture in Atlantic
Canada. Presently, information is lacking as to whether suspended
leases are exploited to their full capacity. Based on their dimensions
and mooring requirements, the floating bag technique allows a maxi-
mum deployment of 2000 bags ha-! (Doiron, 2008). Similarly, floating
cage mooring guidelines dictate a maximum stocking density of
approximately 1500 bags ha-!. However, it remains unclear how

0044-8486/$ - see front matter. Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.
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Fig. 1. Left: individual floating bags (45.7 cm X 88.9 ¢cm X 7.6 cm) holding cultivated oysters and attached to a longline system (modified from Doiron, 2008). Right: aerial view of

an entire lease (24,380 m? containing multiple longlines in the subtidal zone (modified from Comeau et al., 2006).

these suspended culture densities compare with those found in bottom
culture beds and natural reefs. Perhaps an impeding difficulty is that in-
formation on bottom oysters in eastern Canada is restricted to a grey lit-
erature that for the most part is difficult to trace.

The second objective of this study was to gauge the ability of cul-
tivated oysters to clear particles from the water column. It could be
postulated that suspended oysters have high clearance rates given
that they grow relatively fast. Over the past century, pumping rates
and clearance rates have been sporadically reported for wild C.
virginica collected in the intertidal or subtidal zone (Galtsoff, 1926;
Loosanoff, 1958; Palmer, 1980; Riisgard, 1988), with 101h-! g1
dry tissue weight documented as a maximum clearance rate (Eastern
Opyster Biological Review Team, 200’1731. To my knowledge, the clearance
rates of suspension-grown C. virginica were investigated in a single lab-
oratory study which reported a maximum rate of 4 1 h-1 g-1 dry tissue
weight (Pernet et al., 2007).

2. Methods
2.1. Suspended oyster survey
A total of 133 suspended leases were surveyed across 20 embay-

ments in NB and PEI in 2011-2012 (Fig. 4). All leases were surveyed
by boat in early autumn, prior to the lowering of the gear onto the

Distance between
each longline

am e ~ - = =,
s " e, O o, Y it O i Y it B s ST o, Vs i,

bottom to avoid winter ice. Floating bags, including those contained
in floating cages, were counted in each lease. Bag content in terms
of number and size of oysters was estimated based on standard hus-
bandry practices (Doiron, 2008). Suspended leases typically hold four
year classes distributed according to the proportions given in Table 1.
Using this information it was calculated that a normalized bag
contains 332 oysters, which weigh a total of 6.1 kg (see Table 1
caption for details). Lease-scale oyster density (OD) was calculated
as follows:

Np
1 ==bag
OD Area

6:1

where OD represents oyster biomass (kg) m—2, Ngag is the number of

bags counted within the lease, Area is the lease area (m?), and 6.1 is
the normalized oyster weight (kg) in each bag.

2.2. Bottom oyster survey

A total of 10 grey literature reports provided a detailed description
of natural oyster reefs and leased bottom areas in eastern NB
(Table 2). These surveys were conducted between 1974 and 2001,
and the number of sites investigated ranged from 1 to 11. In all
cases, live oysters within 0.12 to 1-m2 quadrats were removed by
hand, counted, and weighed (whole weight). When whole weight

FLOATING CAGES
SIDE VIEW

7 Floating cage

Water surface
. w—

Anchor

Anchor

Fig. 2. Left: wire-mesh OysterGro™ floating cage (147.3 cm x 91.4 cm % 15.2 cm) housing 6 individual Vexar bags (45.7 cm x 88.9 cm X 7.6 cm). Dented triangular structures on

top of buoys deter birds from roosting on the structure. Right (top): sketch of recommended mooring layout for floating cages (Bouctouche Bay Industries Ltd., Bouctouche, NB,

Canada). Right (bottom): photograph of floating cages in Foxley River, PEIL
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Suspended oyster

Bottom oyster

Fig. 3. Typical shape of suspended and bottom-grown oysters in eastern Canada. In this
example, shell height and shell length, defined according to Galtsoff, 1964, are 88 x
64 mm (suspended) and 84 X 39 mm (bottom).

information was lacking in the report, it was calculated using the
following allometry relationship (Landry et al., 2001):

whole weight in g V4 2:90 Logm?shell height in mmp
- 384 \,«z Va 0:97; n Y4 152

Since no report was available for PEI, 26 quadrats were sampled
across four bottom leases in Foxley River in July 2012. At each station,
a 0.5-m? quadrat was thrown over the side of the boat and a SCUBA
diver then collected all the live oysters within the quadrat. Oysters
were counted and measured for whole weight, shell height, and dry tis-
sue weight. Mean density in terms of oyster whole weight (kg m~2)
was calculated for each bottom lease.

2.3. Clearance rates
Clearance rate (CR) is defined as the volume of water cleared

of suspended particles per unit time. In this study, maximum CR
was measured as part of a controlled comparison of bottom and

Table 1
Typical year class distribution in a suspended culture lease (Doiron, 2008). A normal-
ized bag contains 332 oysters? and weighs 6.1 kgP.

Year Shell height Weight DTW Number Percent bags
class (mm) (@ (2 per bag in lease

Y1 b31 1.77 0.04 1000 8

Y2 31-50 8.80 0.14 500 17

Y3 51-65 22.80 0.36 250 33

Y4 N65 39.10 1.57 200 42

a (1000 x 0.08) + (500 x 0.17) + (250 x 0.33) + (200 x 0.42).
b ((1000 % 0.08 x 1.77) + (500 X 0.17 X 8.8) + (250 x 0.33 x 22.8) + (200 x
0.42 x 39.1))/1000.

suspended oysters fed a natural diet. On 28 September 2012, oysters
of varying sizes were collected in Foxley River PEI and brought to a
field laboratory in Georgetown PEI where they were held in a large
tank (250 L) continuously supplied with natural seawater (tempera-
ture ~ 16 °C). After a one-week acclimation period, 10 oysters (5
bottom and 5 suspended) were transferred to individual acrylic
chambers supplied with the same seawater as the holding tank. The
chamber volume selected (190, 670 or 1100 ml) was dependent on
the size of the oyster. Two additional chambers containing shells
only served as controls to measure gravitational settling of particles.
Particle mixing was promoted by fine bubble aeration, introduced in
a manner that minimized the resuspension of feces. Each chamber
was equipped with a fluorometer (CYCLOPS-7® submersible sensor,
Turner Designs, Sunnyvale, CA) connected to a data acquisition
controller with software (Microlink 751, Windmill Software Ltd,
Manchester, UK) that provided a quasi-real time (5 s delay) graphical
display of fluorescence. Following a 1-hour adaptation period, water
flow was halted and the decline in fluorescence over time was moni-
tored on the computer screen. Any oysters that expulsed chlorophyll
material into their chamber, creating major spikes in the fluorescence
readings, were excluded from the experiment. Only chambers that
showed a continuous exponential decrease in fluorescence over
time were included in the final analysis. This standardization ap-
proach minimized the potential underestimation of CR. Particle de-
pletion rates within the chambers were measured by counting
suspended particles at the start of the static incubation and approxi-
mately 10 min later. Water samples (10 mL) were extracted from
the chambers and aliquots (100 uL) were processed using a Beckman
Coulter Counter Z1™ fitted with a 100-um aperture tube. The instru-
ment was set to measure particles in the size range of 5-19 pm, which

0
United States a0 |
Atlantic Ocean p i Southern Gulf of St. Lawrence
2
.
New Brunswick By b Foxley River
D;J.‘ A,
0 e ind Prince Edward Island
' kilometers 0 oe -~ Georgetown

Fig. 4. Map of study area showing sampling locations for suspended culture (o), bottom culture (+) and natural reefs (¥¢).
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Table 2

Summary of the dataset that was built for the meta-analysis. n refers to the number of oyster leases or oyster reefs sampled.

Lease type Survey source Survey year n Survey sites
Suspended This study 2011 111 19 bays, NB
This study 2012 32 Foxley River, PEI
Bottom Ferguson (1983) 1983 11 St. Simon, NB
Ferguson (1985) 1984 5 Caraquet, NB
Meclver and Woo (1975) 1972 6 Bouctouche, NB
Doiron (1992) 1990 1 Spence Cove, NB
This study 2012 4 Foxley River, PEI
Natural reefs Milewski and Chapman (2002) 2001 10 4 bays, NB
SEnPAq (1990) 1990 2 Miramichi, NB
Landry et al. (2001) 1999 1 Caraquet, NB
Sephton and Bryan (1988) 1987 1 Caraquet, NB
Lavoie and Robert (1981) 1979 1 Caraquet, NB
Lavoie (1977) 1974 1 Caraquet, NB

are known to be completely retained by oysters (Riisgard, 1988;
Ward and Shumway, 2004). CR was calculated according to the
formula:

- co =
CR v X T

t

where V is the volume of the chamber, t is time elapsed between
measurements, and C, and C: are particle concentrations at times 0
and t, respectively (Riisgard, 1988, 2001). At the end of the incubation
period, oysters were removed from the chambers and replaced with
new specimens taken from the holding tank. These trials were repeat-
ed until CR was successfully measured on 39 bottom oysters and 29
suspended oysters. Shell height, whole weight, and dry tissue weight
(DTW) were determined for each individual.

Given that shell height and whole weight were poor predictors of
CR, power equations describing CR as a function of DTW were
established for bottom and suspended oysters. These equations
were used to calculate a CR per unit surface area (CRarea) for each of
the culture categories under investigation. For suspended culture,
CR was first scaled up to a normalized bag based on the number of
oysters, the year-class proportions and the DTW values provided in
Table 1. CRarea was then calculated as follows:

CRp,y X Ny,

CR Va
Area 7% Area

X 0:686

where CRarea represents CR per unit leased area (1 h-! m-2), CReag is
the normalized bag CR (1 h-1), Nag is the number of bags counted
within the lease, Area is the lease area (m?), and 0.686 represents
the proportion of time (68.6%) oysters have their valves open when
feeding on natural seston (Comeau et al., 2012).

Similar calculations were made for assessing CR in bottom culture
(I h-' m~?) and natural reefs (1 h-! m~-2). CR for each individual
collected in the survey quadrats was calculated based on the CR—
DTW relationship developed for bottom oysters. Where DTW was
lacking from survey datasets, a power equation was used to convert
reported shell heights into DTW. This relationship was based on a
sample of bottom oysters (DTW 0.4-3.7 g) collected in Foxley River
in September 2012.

( )
DTW % 0:0002 X shell height91%2  r2 Y4 0:75; n Y4 94

The sum of individual CR for each quadrat was normalized to a
single square meter and then multiplied by 0.686 to correct for the
proportion of time oysters are typically feeding (Comeau et al.,
2012). Results from individual sampling sites (quadrats) were aver-
age to produce lease or reef-scale estimates of CR (1 h-1 m~2).

2.4. Gill area

In September 2012, bottom and suspended oysters were collected
in Foxley River to investigate whether morphological differences
existed between the two categories, specifically in regards to the
size of their gills. Gills were excised from 24 bottom and 27
suspended oysters. Gill area (Gilla) was assessed by digital image
analysis following Honkoop et al. (2003). Once this analysis was com-
pleted, gills and other soft tissues were pooled to determine individ-
ual DTW. Shell height was also measured.

2.5. Statistics

All statistical analyses were conducted using SPSS v. 20 software
(IBM SPSS, Armonk, NY, USA). Regression analysis was used to ex-
plore relationships between lease area (ha) and farming activity
within leases, namely oyster biomass (tons) and oyster stocking den-
sity (kg m~2). Serial independence of the error terms was graphically
assessed and further tested using the Durbin—-Watson test; residuals
were screened for normality using expected normal probability
plots and the Kolmogorov-Smirnov test. Residuals were both graphi-
cally and quantitatively (Levene test) assessed for homogeneity of
variances. Data were sqrt-transformed or log-transformed where
heteroscedasticity was detected. When data transformations failed
to stabilize the variance, weighted-least square regression analysis
was applied, in which case, weights were estimated by examining
the relationship of the variance of the dependent variable to various
powers of values of the independent variable.

Homogeneity of regression slopes was tested on log-transformed
data using the SPSS GLM procedure. The oyster category (suspended,
bottom) was set as a fixed factor and the independent variable was
identified as a covariate. Where the homogeneity of regressions was
not rejected, an ANCOVA was performed to test whether oyster origin
had a significant effect on the dependent variable.

A mixed model analysis of variance (procedure GLM in SPSS) was
developed to test the effect of oyster category (C) on oyster stocking
densities (OD). C included four categories: natural reefs, bottom
culture, floating bag culture, and floating cage culture. In the model,
C was declared a main effect (C [i =1 to 4]) and the data source
(S) was set as a random effect (S [ = 1 to 10]). OD was rank-
transformed to stabilize the variance (Levene's test, P N 0.05).

OD;; Yau b Ci p SOCP b &

A second mixed model was developed to test the effect of C on the
CRarea. This analysis was restricted to leases that had the most oysters
per unit area, and therefore that were exploited at, or near their full
capacity. The same logic was applied to natural reefs by selecting
the most densely populated examples. In keeping with this rationale,
stocking density values above the 75th percentile for each category



264

L.A. Comeau / Aquaculture 410-411 (2013) 57-65 61
were selected for analysis. In the model, C was declared a main effect L a
(C [i = 1 to 4]) and the data source (S) was set as a random effect
(S [j = 1 to 10]). CRawea was rank-transformed to stabilize the vari- 12 ®
ance (Levene's test, P N 0.05).
CRuveasj 4 b Ci b SOC;P b e = 10
2 o
When the main effect, C, was significant, Tukey's HSD post hoc E g
tests were performed to determine homogeneous groups. In this '_g
paper, all measures of variability reported along with the mean values 5
represent 1 standard error of the mean (mean + 1 SEM). E 6
)
3. Results (§' 4 4
3.1. Oyster densities
2
Of the 133 suspended leases surveyed, 123 were classified as
being active, i.e., containing oysters that were suspended in the
. . 0 T T T T T
water column by some means. While a small proportion of these 0 1 2 3 4 5 6
oysters were suspended using strings, tables, racks or other means,
the bulk (95.4%) of the surveyed stock was contained in floating Sqrt lease area (ha)
bags or floating cages. 16
Further analyses were conducted on leases containing exclusively ’ b e
floating bags (n = 48 leases) or floating cages (n = 39 leases). It was .
first examined whether allocated lease area, a metric which is readily C}IE 1.4 4
available from licensing departments, is a good indicator of the farm- -
ing activity level within the lease, either in terms of total biomass or % 1.2 4 »
stocking density. No significant correlations were found between o
lease area and farming activity metrics for leases containing floating 2 4101
bags. However, for leases populated with floating cages, lease area :
was a weak but significant predictor of total biomass (Fig. 5a, r? = E 0.8 4
0.28, P b 0.01, weighted least squares) and stocking density (Fig. 5b, % ’
r2= 0.38, P b 0.01, ordinary least squares). In general, smaller leases o
tended to be more densely stocked than larger leases. 5 06 1
Stocking densities for floating bag and floating cage techniques 8
were respectively 0.3 = 0.1 and 0.5 + 0.1 kg oysters m—2 (Fig. 6); ‘f 0.4 1
the difference in stocking density between gear types was significant. %
It is also noteworthy that both average densities were below pre- 5* 0.2 -
scribed mooring deployment guidelines for suspended culture. In
relative terms, floating bag and floating cage densities were 77.2 + 0.0 4t -

3.7% and 47.6 &= 6.1% below the recommended level, respectively.

Based on the NB grey literature and the Foxley River data, bottom
culture density was estimated at 1.0 &= 0.1 kg oysters m~2. This esti-
mate is significantly higher than those for suspended techniques. Bot-
tom culture densities were statistically similar to those found in
natural reefs, which averaged 2.2 & 1.1 kg oysters m~2. The elevated
variance in the latter category is mainly attributable to two highly ag-
gregated reefs (8.4 and 14.3 kg oysters m—2).

3.2. Clearance rate (per unit body weight)

Power functions relating CR (1 h-1) to DTW (g) were calculated for
bottom (CR = 6.35 % 0.59 x DTWO0.78= 008 y = (.85, P b 0.001) and
suspended (CR = 4.34 & 0.32 x DTWO0-41 =008 y = (.71, Pb 0.001)
oysters (Fig. 7a). The exponent describes how fast CR increases relative
to body weight. The hypothesis of equal slopes (exponent) between the
two oyster categories was rejected (P = 0.002). CR increases relative to
body size were significantly lower in the suspended category than in
the bottom category, starting at a dry tissue weight of approximately
0.25 g. The equations predict that a 1 g DTW bottom oyster has a CR
of 6.3 1 h-! whereas a suspended oyster of comparable DTW has a CR
of 4.31h-1.

CR results are consistent with gill measurements taken on a sam-
ple of large oysters (Fig. 7b). The relationship between gill area (cm?2)
and DTW (g) was best described as Gilla = 12.27 x DTW0:59 = 0.06
(r=0.90, Pb 0.001) and Gilla = 9.93 x DTW061 005 (r = 0,92,

Lease area (ha)

Fig. 5. Oyster biomass (a) and oyster stocking density (b) as a function of floating-cage
lease area.
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Fig. 7. Clearance rate (a) and gill area (b) in relation to dry tissue weight of bottom and
suspended oysters. Note that gill area was measured on samples containing only large
oysters.

P b 0.001) for bottom and suspended oysters, respectively. The
hypothesis of equal slopes was not rejected (P = 0.77). However,
suspended and bottom oysters had significantly different gill areas
per unit body weight (ANCOVA, P b 0.001). Gill area standardized to
an oyster of 1 g DTW was 12.3 cm? for the bottom category and
9.9 cm? for the suspended category.

Suspended oysters were in good physiological condition, i.e., they
had elevated DTW values. This observation became evident after plot-
ting DTW against shell height, a size indicator commonly used by field
observers. The plot shows large suspended oysters (N 60 mm) having
higher DTW values than bottom oysters of comparable shell height
(Fig. 8). The hypothesis of equal slopes (exponent) between the two
oyster categories was rejected (P b 0.001): DTW increases relative
to shell height were significantly higher in the suspended category
than in the bottom category.

3.3. Clearance rate (per unit area)

Fig. 9 shows CRarea for the most densely populated (N 75th percen-
tile) leases and natural reefs contained in the dataset. CRaea for the

4
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@® Suspended o

Dry tissue weight (g)
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0 20 40 60 80 100 120 140 160 180

Shell height (mm)

Fig. 8. Measured dry tissue weight in relation to shell height of bottom and suspended
oysters.

floating-bag leases was 66.5 &= 8.5 1 h-! m~2, or approximately
42% below the CRarea expected for this technique assuming full ex-
ploitation (based on mooring guidelines). CRarea for floating-cage
leases was 86.5 = 8.6 ] h-! m~2, consistent with a full exploitation
of this technique (84.5 1 h-* m~2). The CRarea calculated for suspended
techniques was on average 10 to 14 times lower than the CRarea for
natural oyster reefs.

The range of possible CRarea values for suspended culture was calcu-
lated by assuming all bags contain one of four year classes (Table 3).
It was found that CRares ranges from 41.3 = 5.21 h-! m~2 where
all floating bags contain small (b 31 mm) oysters, to 108.5 &=
10.8 1 h-1 m~2 where all floating cages contain large (N 65 mm)
oysters.

4. Discussion
4.1. Oyster stocking densities

Opyster tables in France's Normandy area support approximately 6 kg
oysters m—2 (Crassostrea gigas), assuming a restrained deployment of
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Fig. 9. Clearance rate (mean == SEM) for the most densely populated (N 75th percen-
tile) leases and natural reefs. Dotted lines represent theoretical maximum for the float-
ing bag (—) and floating cage () techniques based on mooring guidelines from gear
manufacturers. Tukey's HSD test, P b 0.05.
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Table 3

CRarea (mean = SEM) for the most densely populated (N 75th percentile) suspended
leases. Results show scenarios where all bags in leases contain a single year class (Y1,
Y2, Y3 or Y4), and also the average scenario (Y1-Y4) based on year class proportions
indicated in Table 1.

Year Shell Number CRpag Floating bag Floating cage
class height oysters dh-1) CRavea CRavea

(mm) per bag (1h-1m-2) (1h-1m-2)
Y1 b31 1000 515.6 41.3+5.2 53.7+5.3
Y2 31-50 500 685.3 54.8+ 7.0 71.3+7.1
Y3 51-65 250 714.2 57.2+17.3 74.3+7.4
Y4 N65 200 1042.9 83.5+ 10.6 108.5+10.8
Y1-Y4 various 332 831.4 66.5+ 8.5 86.5+ 8.6

5000 bags ha-! x 12 kg oysters bag=! (Kopp et al., 2001). Here it is
reported that densities for floating bag and floating cage culture tech-
niques in eastern Canada were on average < 0.5 kg oysters m-2, Inter-
estingly, the recent transition to suspended culture resulted in an
actual reduction in stocking density compared to traditional bottom cul-
ture operations. Densities of 0.3 0.1 and 0.5 + 0.1 kg oysters m—2
were recorded for floating bags and floating cages, compared to 1.0 +
0.1 kg oysters m~2 for the more traditional bottom culture. Suspended
culture densities were generally well below technical guidelines pre-
scribed by gear developers, suggesting that leases were underexploited
and that the industry was still undergoing a developmental phase.
Only a fully exploited suspended lease, one containing floating gear
moored according to guidelines throughout its entire area, would com-
pare with a bottom lease in terms of stocking density.

The reported densities for suspended culture are comparable to
natural populations identified as being in a precarious state, which are
presently being targeted for repletion and restoration. In Chesapeake
Bay, for example, median values for live oyster abundance were 0.3
(Southworth et al., 2010) and 0.7 (Mann et al., 2009) kg m~2 from
1993 to 2009. Maximal abundance was approximately 8 kg m-2
for the 30 reefs surveyed in these two papers and 14.3 kg per m?
for the dozen reefs reported in the present study. Unfortunately,
absolute oyster densities prior to the degradation of natural reefs by
destructive fishing practices, siltation, diseases and other habitat distur-
bances are poorly quantified. At the turn of the 20th century, when a
number of oyster reefs were already considered depleted over the
continental margin of North America (Kirby, 2004; Morse, 1971),
Bastien-Daigle et al. (2007) estimated that there would have been a
standing stock in the order of 35,912 t in NB. In 2005, the standing
stock of cultured oysters in this province was evaluated at 1,249 t
(Comeau et al., 2006), or approximately 3.5% of the historical standing
stock of oyster reefs.

4.2. Clearance rate (per unit body weight)

Estimates of CR for C. virginica were summarized in Grizzle et al.
(2008). CR standardized to an oyster of 1 g DTW was reportedly
6.79 L h-' (Riisgard, 1988), 6.40 1 h-! (Newell and Koch, 2004),
and 7.46 to 9.62 1 h-1 (Newell et al., 2005). These values were de-
rived from wild oysters primarily feeding on laboratory diets under
optimal conditions (20-29 °C). CR for bottom-cultivated oysters ac-
climated to 16 °C and grazing on natural seston were consistent
with this literature. A 1 g DTW bottom-cultivated oyster had a CR of
6.31 h-1. The CR equation developed for bottom-cultivated oysters
(CR = 6.35=0.59 x DTW0.78 008) was very similar to the one
reported by Riisgard (1988): CR = 6.79 = 1.41 X DTW0.73 = 0.22,

For suspended oysters, a low exponent in the equation CR =
4.34 4+ 0.32 X DTW041+ 008 ipdicated that CR increases relative to
body size were lower than in bottom cultured oysters. Filgueira et
al. (2008) reported that low exponents in CR power functions are
expected when the condition index increases with body size. In keep-
ing with this information, a significant and linear correlation between

CI and DTW was found for the suspended category only (r = 0.81,
P b 0.001, not shown in results). The low exponent is also consistent
with the observation that gill size per unit DTW was relatively low in
large suspended oysters. Gills in oysters not only serve in respiration;
they contain cilia that create complex water flow patterns to capture
food particles and transport them to the mouth (Newell and Langdon,
1996). It seems that suspended oysters direct most of their dietary
supplement, derived from the high food flux environment in which
they reside (Comeau et al., 2010), towards the buildup of energy
stores and somatic growth, without proportional investments in gill
development. My results predict that a 1 g DTW suspended oyster
has a CR of 4.3 1 h-1. This rate is very similar to the 4.01 h-1 g-!
reported by Pernet et al. (2007). Oysters in their laboratory investiga-

tion also originated from suspension culture.

4.3. Clearance rate (per unit area)

CRarea In the most active floating bag leases was 66.5 =+
8.5 1 h-! m~2 Depending on oyster size class distribution, this
estimate could range from 41.3 = 5.2 1 h-! m~2 (all bags contain
oysters b 31 mm) to 83.5+ 10.6 1 h-' m~2 (all bags contain oysters
N65 mm). The elevated exponent value in the CR-DTW equation for
bottom oysters would have amplified, incorrectly, this upper range
estimate by 73% (i.e., from 83.5 + 10.6 to 144.4 = 18.3  h-1). Regard-
less of the calculation protocol, it is concluded that suspended oysters
process small volumes of water compared to healthy natural reefs.
Ermgassen et al. (2013) estimated the historical (ca. 1880-1910)
CRarea for natural reefs in 13 US estuaries. They reported rates up to
574 1 h-1! m~2 The estimate for the most highly-populated natural
reefs in eastern NB was 901.3 = 435.5 1 h-1 m~2 (this study).

4.4. Bay-scale impact

The dataset was sufficiently detailed to conduct a bay-scale impact
assessment in Foxley River, an intensive culture site where leases
cover 22% of the bay area (1354 ha). An index of seston depletion
(In = CT/RT) was calculated following Dame (1996). Ip provides an
indication of how important seston uptake may be in relation to estu-
arine volume and tidal flushing. Clearance time (CT), the number
of days required for the combined bottom and suspended stocks to
filter the total estuarine volume (22.24 x 108 m3), was estimated at
9.8 days. This estimate takes into account a total standing stock of
1095 t distributed among 32 suspended (100 ha) and 98 bottom
(196 ha) leases. The estimate assumes that oysters were feeding
68.6% of the time (Comeau et al., 2012). Residence time (RT) is the
number of days required for tidal action to replace the total estuarine
volume. The deployment of a tidal gauge in 2012 and calculation of
the tidal prism indicated an RT of 2.1 and 4.6 days during spring
and neap tides, respectively (Thomas Guyondet, DFO, pers. comm.,
2013). In keeping with these values, the Ip (CT/RT) estimate for
Foxley River ranges between 2.13 (neap tide) and 4.65 (spring tide),
meaning that the bay-scale food renewal rate by tidal action is on
average 3.39 times faster than the filtration rate by cultivated oysters.
Converting all bottom leases into suspended leases would increase
the Ip to 4.94, consequently reducing the grazing pressure in the
system. All of these Ip estimates fall in the upper range of Ip values
reported for 11 other aquaculture bays (Dame and Prins, 1997). In
intensive culture areas, it was found that grazing pressure has
exceeded water renewal rates (I b 1). Such is the case for oyster
table culture (Ip ~ 0.38) in Marennes-Oléron France (Dame and
Prins, 1997), mussel raft culture (Ip ~ 0.54) in the Ria de Arosa Spain
(Dame and Prins, 1997), and longline mussel culture (Ip ~ 0.34) in
Tracadie Bay, PEI (Comeau et al., 2008). There is also evidence that
bivalves naturally exerted a dominant effect in some coastal systems
prior to the development of aquaculture. Historical (c. 1880-1910)
baselines for North American oyster reefs suggest Ip values < 1 for
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six of eight estuaries in the Gulf of Mexico (Ermgassen et al., 2013). In
Foxley River, raising the suspended lease coverage from 22 to 100% of
the bay area would reduce the Ip from its present 3.39 value to 1.17.
Although these calculations do not take into account natural reefs,
which are poorly documented, they suggest that cultivated oysters
do not exert a dominant top-down control on phytoplankton abun-
dance in the Foxley River system.

Finally, as the industry embraces suspended culture, coastal resi-
dents and recreational boaters tend to oppose the technique on the
basis of visual or leisure amenity values. Others oppose suspended
culture on the basis of perceived negative environmental impacts.
At first glance, multiple floating structures distributed over large
estuarine areas seem disruptive to ecological health. Yet, often
overlooked are the positive ecological effects of suspended oyster
culture. By making available a 3-dimensional substrate, suspended
structures provide habitat for native fish and invertebrate species
(DeAlteris et al., 2004; Marenghi and Ozbay, 2010; O'Beirn et al.,
2004; Tallman and Forrester, 2007). Moreover, floating bags or
cages in Atlantic Canada contain native oysters that were historically
thriving in pre-colonial times (Kirby, 2004; Kirby and Miller, 2005),
but have since been decimated by disease, overfishing, and deterio-
rating bottom habitats. There is compelling evidence that oysters
improve estuarine water quality by filtering suspended particulate
matter from the water column (Forrest et al., 2009); they may also
serve as a top-down control of phytoplankton blooms in eutrophic
systems. Such positive services are vital to the ecological integrity of
estuaries and provide the impetus for oyster restoration projects
worldwide.

5. Conclusion

This investigation provides one of the first numerical assessments
of suspended oyster culture in eastern Canada. It was found that the
present transition from bottom to suspended culture results in an
actual reduction in oyster stocking density. Moreover, it was reported
that suspended oysters have a weak grazing potential per unit body
weight when compared to bottom oysters. A bay-scale assessment
of an intensive culture site led to the conclusion that cultivated oys-
ters do not exert a dominant top-down control on phytoplankton
abundance.
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An ornithological survey was conducted along the eastern coastline of New Brunswick, Canada, where
oysters are cultivated in suspension using PVC bags and wire-mesh cages. Thirteen bird species and a
variety of unidentified shorebirds were observed roosting on the floating oyster gear. The double-crested
cormorant (Phalacrocorax auritus) was the most common species observed (47.6% of all counts), closely
followed by herring gulls (Larus argentatus) and common terns (Sterna hirundo) at 18.7% and 13.0%,
respectively. Birds were densely aggregated where few cages or bags had been deployed. A gear-type
Opyster effect was also detected: birds were more abundant on floating cages (mean = 47.9/100 m?2 of exposed
ggzla:;l;::ax auritus area, S.E. = 5.8) than on floating bags (mean = 32.8/100 m?2, S.E. = 1.9). The survey was followed by two

experiments designed to test the effects of gear modifications on bird abundance and diversity. For bags,
Roosting results indicated that shallow immersion ( 6 cm below surface) and floater instability were effective
Birds deterrents to P. auritus, reducing its abundance by a 37-fold factor. For wire-mesh cages, a dented
triangular structure mounted on top of floaters was a harassing physical barrier to roosting behaviour,

Keywords:
Crassostrea virginica

Cormorant

consequently reducing bird abundances to null (or near null) values.

Crown Copyright © 2008 Published by Elsevier B.V. All rights reserved.

1. Introduction

Communal roosting is a common behaviour in several species of
social animals, including coastal birds (McGowan et al., 2006). This
behaviour has evolved independently numerous times (Beau-
champ, 1999; McGowan et al., 2006) and is thought to positively
impact several species of seabirds (Roycroft et al., 2007) by
enhancing the sharing of information (Ward and Zahavi, 1973;
Ydenberg and Prins, 1984; Dall, 2002) and by promoting
recruitment (Richner and Heeb, 1996; Dall, 2002). Roosting
behaviour can also increase foraging efficiency, reduce predation
risk and minimize thermoregulatory costs (Ydenberg and Prins,
1984; Beauchamp, 1999; McGowan et al., 2006). The behaviour has
been studied extensively from an ecological perspective, providing
a better understanding of roost choices (Lut's et al., 2001; Rogers,
2003; Rogers et al., 2006), species distribution (King, 1996; Bugoni
and Vooren, 2005; Dittman et al., 2005) and hierarchical
dominance in roosting populations.

* Corresponding author.
E-mail address: luc.comeau@dfo-mpo.gc.ca (L.A. Comeau).
1 Present address: IFREMER, Avenue Jean Monnet, 34200 Se’te, France.

From an aquaculture perspective, however, communal roosting
is considered a nuisance. Birds predate on cultured fish stocks
(Jenkins and Smith, 1998; Dorr et al., 2004; King, 2005), and their

presence also raises other concerns, such as water contamination
by faecal coliforms (Kirschner et al., 2004; Kuntz et al., 2004; Bucio
et al., 2006), propagation of pathogenic agents (Flowers et al.,
2004; Overstreet and Curran, 2004; Mitchell et al., 2005), and
organic enrichment of sediments (Powell et al., 1991). Several bird-
deterring techniques have been suggested in the literature (see
review by Mott and Boyd, 1995). These methods include scaring
effigies (Stickley et al., 1995; Seamans, 2004), repelling chemicals
(Cotterill et al., 2004; McWilliam and Cheke, 2004; Harpaz and
Clark, 2006), fencing and netting (Mott and Flynt, 1995; Nemtzov
and Olsvig-Whittaker, 2003), harassment devices (Mott et al.,
1998; Tobin et al., 2002), and the more-drastic solution of hunting
(Bechard and Marquez-Reyes, 2003; McWilliam and Cheke, 2004).
In New Brunswick, Canada, oyster (Crassostrea virginica) farm-
ing is carried out in approximately 15 embayments (Fig. 1).
Suspended culture, in which oysters are held inside floating PVC
bags or floating cages (Fig. 2), is the predominant farming
technique. In winter floaters are removed to lower stocks onto
the bottom where they are protected from the thick ice. At other
times, however, stocks are suspended at the surface in a relatively

0144-8609/$ - see front matter. Crown Copyright © 2008 Published by Elsevier B.V. All rights reserved.
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Fig. 1. Map of study area showing oyster farming sites in New Brunswick.

warm and phytoplankton-abundant environment, thereby enhan-
cing shell growth and shortening the production cycle. When at the
surface, stocks are easily accessible to growers for harvesting and
grading procedures; moreover, the suspended bags or cages can be
flipped and temporarily exposed to air, thereby desiccating
biofoulers. The entire technique for suspending and flipping bags
and cages has been developed in New Brunswick in the late 1990s.
Floating gear, on the other hand, provides substantial roosting
areas for coastal birds. In 2004, Canadian food safety and fisheries
agencies have requested that all oysters contained in floating bags
or cages be depurated prior to harvest. The precautionary
depuration procedure requires the transfer of suspended stocks

onto the bottom 30 days prior to harvest (14 days if stocks are
subsequently tested for coliforms as required by the Canadian
Shellfish Sanitation Program, 2005). The new regulation increases
both labour and time needed to complete the production cycle.
Consequently, there is a growing interest in developing new
floating gear designs that could prevent birds from roosting in
oyster farms. The underlying rational is that effective bird-
deterring designs would ultimately be exempted from the
regulation pertaining to depuration.

In this paper, we begin by reporting results from an
ornithological survey conducted in NB oyster farms. We identify
bird species and report on their abundance in relation to current
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Fig. 2. Floating gear types currently present in New Brunswick oyster farms. The trademark for the floating cage is OysterGro !, manufactured by Bouctouche Bay Industries

Ltd. in New Brunswick.

floating gear designs. The survey was followed by two field
experiments examining the effects of gear modifications on bird
abundance and diversity.

2. Methods
2.1. Survey

In September and October 2005, 15 embayments along the
eastern coastline of New Brunswick were visited. The location of
each embayment is identified in Fig. 1. A total of 22,600 floating
bags and 4609 floating cages were examined for the presence of
birds. Bird observations were carried out either from land or from a
kayak using binoculars and a spotting scope. Only birds perching
on oyster gear and any associated buoys were identified and
counted. Bird counts reflect the maximum number of individuals
seen at any one time during a disturbance-free period of 15 min. All
counts were carried out between 10 a.m. and 4 p.m. A subsequent
analysis indicated that the time of day had no significant effect on
bird counts.

It is also important to note that the surface areas available for
roosting differ according to gear type. For a floating bag, which has
two small floaters and one PVC bag that are exposed and available
for roosting, this area is approximately 0.35 m?2. For a floating cage,
the available roosting area provided by the two large floaters is
0.45 m?; the wire-mesh cage itself is too deep—12 cm below
surface—to provide a roosting surface. In keeping with this
information, counts were standardized as the number of birds
per 100 m? of available (exposed) roosting area.

2.2. Floating bag experiment

In 2006, three different types of floating bags were deployed
within an experimental setting. The first type consisted of standard
bags (S) with lateral floaters typical of those in current use by most
growers (Fig. 3a). For the second type, the S configuration was
modified by positioning the two side floaters onto the top of the
bag, thereby allowing the bag to sink approximately 3 cm below
the water surface (Fig. 3b). While the two floaters remain a
potential perching platform for birds, the area they offer to birds is
less than 20% that of the unmodified bag. This modification was

termed M1. In a second modification (M2), the S configuration was
modified by positioning the two side floaters on top of the bag, but
the bag itself was lowered approximately 6 cm below the surface
using loose rope (Fig. 3c). The loose rope between the floaters and
the bag rendered the floaters unstable.

The experimental bags were deployed in three embayments:
Chiasson Office, Ne'guac, and Richibucto (see Fig. 1). At each of
these sites, three longlines were deployed equidistantly (6.1 m) as
illustrated in Fig. 4. Each longline held 11 floating bags per type (S,
M1 and M2), which were dispersed in groups of three bags (except
at the end of the longline where space was lacking and where
grouping was limited to two bags). Details regarding bag layout are
of no consequence since the entire longline itself was considered
the statistical unit. For that reason, a single bird count (per bag
type) was performed for each experimental longline. Bird counts
represent the maximum number of individuals seen at any one
time during a 1-h period. Counts were standardized to the number
of birds per 100 bags. Species richness represents the number of
different species observed during the count period. All observa-
tions were carried out at bi-monthly intervals between August 28
and November 7, 2006.

Data were partitioned into five 2-week intervals. Factors for each
variable were analysed using a complete randomized block design
with repeated measures according to gear type (fixed between-
subjects factor with three levels [M1, M2 and Sj), sites (fixed
between-subjects factor with three levels [Chiasson Office, Ne'guac,
and Richibucto]), sampling time (random factor with five levels of
repeated measurements) and all their mutual interactions.
Mauchly’s test (a=0.05) was used to assess whether datasets
conformed to the sphericity assumption required for a repeated
measure analysis. When the sphericity assumption was not met, the
degrees of freedom were adjusted accordingly using the Huynh-
Feldt correction. Significant differences between all possible
combinations of sample means for gear type were also assessed
using Tukey’s HSD test (a = 0.05). All analyses were performed with
SPSS 10.0 for Windows® (SPSS Inc., Chicago, IL, USA).

2.3. Floating cage experiment

Bouctouche Bay Industries Ltd. has developed the AntiCormo
(AC), a bird-deterrent structure that can be fitted easily onto
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(d) Standard floating cage
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152(\?\.‘ |

(e) Cage with functional AC

AC structure (147.3 cm X 15.2cm X 13.2 cm)

(f) Flipped cage with inoperative AC

Flipped floating cage
(width view)

Flipped floating cage
(length view)
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Fig. 3. Floating gear prototypes tested in the present study.

floating cages as illustrated in Fig. 3e. Taking into account the
ability of birds to adapt over time, our goal in this experiment was
to assess the effectiveness of the AC in deterring birds over an
extended period. Our experimental approach was based on the full
conversion of two farms and monitoring of bird abundance over an
18-week period (July 1 to November 3, 2007). One farm was
located in Shediac Bay and contained a total of 140 floating cages
(14 longlines of 10 cages); the second farm was located in
Bouctouche Bay and held 100 cages (10 longlines of 10 cages). The
two farms were selected because they were isolated, with the
closest commercial aquaculture activities located at a distance of
5-10 km. The presence of bird colonies near the experimental
farms was verified using two approaches: (1) by removing the AC
devices at the start and completion of the experiment, and (2) by
occasionally flipping cages and rendering the AC non-functional
(i.e., underwater, as illustrated in Fig. 3f).

Once a week, bird counts were performed from land using a
spotting scope. Counts were limited to four randomly selected
longlines (the statistical unit). The count period consisted of four
consecutive 15-min intervals. Data corresponding to the interval
with the maximum number of individuals of the same species were
kept for analysis. Descriptive statistics, including the standardized

bird abundance per 100 floating cages, were computed for each
experimental site.

3. Results
3.1. Survey

Thirteen bird species and a variety of unidentified shorebirds
were observed roosting on floating oyster gear (Table 1). The most
common species was the double-crested cormorant (Phalacrocorax
auritus), representing almost half (47.6%) of all counts. Behaviou-
rally, P. auritus was observed perching and preening, as well as
drying its wings. Herring gulls (Larus argentatus) and common
terns (Sterna hirundo) were also often spotted (18.7% and 13.0% of
all counts).

Bird abundance was inversely correlated with the total roosting
area made available by the floating gear (Fig. 5). The highest
abundances, indicating a high degree of aggregation, were
recorded at sites containing relatively few bags or cages. In
keeping with these results, bird abundances were normalized to
remove the effect of available roosting area. Following this
correction, we found that birds were more abundant on floating
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(2)
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Fig. 4. Example layout of three experimental longlines holding three types of floating oyster bags: standard (S), first modification (M1) and second modification (M2). (a)
Group of three bags of the same gear type. (b) Nine groups of three bags laid out in a random order. (c) End of experimental culture line with three groups of two bags laid out

in a random order.
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Table 1 31 A
Bird species surveyed at commercial oyster farming sites in New Brunswick. ( )
Common name Latin name Total counts % Total count
w
a
Double-crested cormorant  Phalacrocorax auritus 1588 47.6 § B
Herring gull Larus argentatus 624 18.7 —§ ]
Common tern Sterna hirundo 435 13.0 o
Black-bellied plover Pluvialis squatarola 160 4.8 .8
Dunlin Caldris alpina 146 4.4 &
Greater black-backed gull Larus marinus 117 3.5 : 1 ab
Immature gull Larus spp. 70 2.1 &
Bonaparte’s gull Larus philadelphia 52 1.6 =]
Ringed-billed gull Larus delawarensis 51 1.5
Shorebirds spp. Caldris spp. 28 0.8 b
Red-breasted merganser Mergus serrator 23 0.7
Black duck Anas rubripes 9 0.3 0 Nlll N‘[Z é
Greater yellowlegs Tringa melanoleuca 8 0.2
Great blue heron Ardea herodias 6 0.2 40 -
(B) g
Lesser yellowlegs Tringa flavipes 1 0.0
w
All species 3318 100.0 &b
=
8 30 4
o
g
-]
T2
cages (mean=47.9/100m?, S.E.=5.8) than on floating bags EE 204
. L 3
(mean =32.8/100 m?, S.E. = 1.9) (P < 0.001, Mann-Whitney). 7 E ab
g 2
£ 3
3.2. Floating bag experiment g 10
o
Table 2 summarizes the outcome of the floating bag experi- k=
ment. Gear type, which is the key factor of interest in the present 0 . ,L, ‘
investigation, was the only factor that yielded a significant effect M1 M2 S
on species richness in the main effects category. Moreover, gear gear type

type showed no interactions with sampling time, indicating that
the effect on species richness was consistent through time. Similar
effects were detected on bird abundance. Gear type exerted a
significant influence on abundance and there was no interaction
between gear type and sampling time. The same outcome was
obtained whether all species were grouped or P. auritus was
analysed separately. By contrast, no gear effect was found when
analysing other species (e.g., Larus spp.) separately.

Fig. 6 shows mean species richness (panel A) and abundance
(panel B) in relation to gear type. Post hoc analyses (Tukey’s HSD)
indicated that gear-type effects were attributable to differences
between S and M2 bags. On average, species richness for S bags was
approximately seven times higher than for M2 bags. A total of nine

70
e

60
504|®

mean abundance of birds on
the floating gear (number / 100n1)

0 v

T T T T T |
0 500 1000 1500 2000 2500 3000
total roosting area (mz)

made available by the floating gear

Fig. 5. Relationship between bird abundance and the roosting area made available
by floating oyster gear. The solid line is a power-fit to the following function:
y = 1388.5x70:8487 (2 = 0.82, P < 0.001). Data points represent the mean values of
several sampling dates for individual sites.

Fig. 6. Mean species richness (a) and abundance (b) of birds roosting on floating
bags of type S (standard), M1 (first modification) and M2 (second modification).
Means are presented with a single error bar provided by the standard model error
(SME). Bars with different letters differ significantly from each other (Tukey’s HSD).

species were seen roosting on S bags throughout the duration of
the experiment compared to only two species for M2 bags (P.
auritus and Larus marinus). S bags also attracted a greater number
of P. auritus compared to M2 bags. Average standardized
abundance of P. auritus was approximately 37 times greater on
S bags than on M2 bags.

3.3. Floating cage experiment

Fig. 7 shows the abundance time-series for the two experi-
mental sites. At the Shediac site, AC structures were absent on
several occasions (weeks 1-4, 15, 17 and 18); during these periods,
abundance varied between 100 and nearly 500 birds per 100
floating cages. Abundance was also elevated at times when AC
devices were inoperative due to the flipping of cages. Similar
results were obtained at the Bouctouche site, with the exception
that no birds were spotted in week 4 when the AC structures were
absent. A total of 2195 individuals and 5 species (P. auritus, L.
argentatus, L. marinus, S. hirundo and Ardea herodias) were
identified at the two experimental sites; P. auritus was the
dominant species, accounting for nearly 85% of all counts; S.
hirundo and L. argentatus were also regularly spotted, with each
species accounting for approximately 7% of all counts. Together
these observations indicate that the two experimental sites were
appropriate for testing the AC device.

Floating cages equipped with functioning AC devices attracted
fewer birds. Weekly abundance estimates varied between O and
1.25 (S.E. = 0.72) birds per 100 floating cages at the Shediac site.
During a 13-week period, only two individual birds, one P. auritus
and one L. argentatus, were seen at this site. A total of 146 birds
were spotted at the Bouctouche site, and weekly abundance
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Table 2
Summary of a complete randomized block with repeated measures carried out on four variables: species richness, abundance of all species, abundance of P. auritus, and
abundance of Larus spp.

Source of variation d.f. SS Adjusted d.f.2 MSP F P°

(a) Species richness

Site (S) 2 591 = 2.96 2.08 0.241
Gear type (G) 1 26.31 = 13.16 9.25 0.032
Between-subjects error 4 5.69 — 1.42 — —
Time of sampling (T) 4 1.47 — 0.37 0.82 0.534
Tx G 8 0.80 = 0.10 0.22 0.981
TXS 8 6.53 = 0.82 1.82 0.148
Within-subjects error 16 7.20 - 0.45 - -
Total 44 53.91 — — — -
(b) Abundance all species
Site (S) 2 6019.38 3009.69 4.38 0.098
Gear type (G) 2 14181.00 = 7090.50 10.32 0.026
Between-subjects error 4 2745.84 = 686.46 = =
Time of sampling (T) 4 4018.77 = 1004.69 5.33 0.006
Tx G 8 2549.94 = 318.74 1.69 0.176
TxS 8 4730.53 591.31 3.13 0.025
Within-subjects error 16 3014.79 = 188.42 = =
Total 44 37260.25 = = = =
(c) Abundance of P. auritus
Site (S) 2 4150.17 = 2075.08 4.00 0.111
Gear type (G) 2 10280.67 = 5140.33 9.91 0.028
Between-subjects error 4 2074.46 — 518.61 — —
Time of sampling (T) 4 4878.04 3.24 1503.75 3.35 0.050
TXG 8 4317.36 6.49 665.46 1.48 0.257
TxS 8 8493.23 6.49 1309.10 2.92 0.048
Within-subjects error 16 5817.84 12.98 448.37 — —
Total 44 40011.77 = = = =
(d) Abundance of Larus spp.
Site (S) 2 880.13 — 440.07 1.39 0.348
Gear type (G) 2 1846.76 = 923.38 2.92 0.165
Between-subjects error 4 1264.04 = 316.01 = =
Time of sampling (T) 4 71.36 3.37 21.17 0.58 0.654
TXxG 8 76.06 6.74 11.28 0.31 0.933
TxS 8 255.65 6.74 37.92 1.05 0.444
Within-subjects error 16 489.10 13.48 36.28 — —
Total 44 4883.10 — — — -

a Adjusted degrees of freedom (Huynh-Feldt correction) where the sphericity assumption is not met, & = 0.05.
b Computed with adjusted degrees of freedom where available.
¢ Bold font indicates significance, a = 0.05.

estimates ranged from O to 41.9 (S.E. = 15.9) birds per 100 floating

5001 (A) Shédiac Bay gages. Tbere Werf{ no indications that jblI‘dS progreSS{vely adapted
© | —s—functional AC (i.e., no increase in abundance over time) to AC devices at either
—o— absent AC .
400 —v— inoperative AC site.
300 {

4. Discussion
200

4.1. Survey
100 {

An extensive ornithological survey indicated the presence of 13

w
g o
a5
T o
c B 0l -
E g bird species roosting on floating oyster gear along the eastern
'E é‘ 5 coastline of New Brunswick. Three species—P. auritus, L. argentatus
B (B) Bouctouche Bay and S. hirundo—which together were responsible for 79% of all
E E 400 counts, clearly dominated. These species have well-established
g g \ breeding areas along the eastern coastline of New Brunswick
£ 300

(Erskine, 1992). They prey mainly on fish and small marine
invertebrates such as zooplankton. There are previous reports on
bird interference with aquaculture operations, although these
100 studies have focused exclusively on predation of cultured stocks,
such as P. auritus preying on farm-raised channel catfish (Ictalurus

% i punctatus) in the southern United States (King, 1996). In our study,
012345678 9101112131415161718 it was apparent that birds used floating oyster gear as roosting
week of sampling platforms.

Fig. 7. Mean abundance (£S.E.) of birds roosting on experimental cages in Shediac (A) Regardlng abundances’ the survey indicated that birds were

and Bouctouche (B). The time-series extends from July 1, 2007 (week 1) to November 3, densely aggregated where few culture units had been deployed (as
2007 (week 18). per the relationship presented in Fig. 5). This result implies that the
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bird nuisance perception is function of the farming activity level.
For example, in New Brunswick, the number of floating bags within
individual leases varies from approximately 100 to 12,481 units
(Comeau et al., 2006). We estimate, based upon the relationship
shown in Fig. 5, that the lower end of activity (100 bags) could
attract approximately 24 birds over a small body of water
(~700 m?), whereas the peak activity level (12,481 bags) may
attract 49 birds dispersed over a much larger body of water
(150,000 m?). In keeping with this comparison, the amount of
floating gear within a culture lease is perhaps a key parameter to
consider when modelling the potential risks of water contamina-
tion by birds.

Another factor that seems relevant is gear type. Our survey
suggests that birds have a preference for floating cages. This result
may be attributable to cage design: compared to floating bags,
floating cages are relatively stable and offer a large roosting area,
attributes that are compatible with the large size and gregarious
nature of P. auritus (Hatch and Weseloh, 1999). Also, floating cages
provide an elevated platform (~17 cm above the waterline)
compared to floating bags (~2 cm above the waterline). After
diving, P. auritus usually looks for an elevated spot to perch, where
it can spread its wings to dry its feathers (Hatch and Weseloh,
1999).

4.2. Floating bag experiment

The goal of this experiment was to compare bird diversity and
abundance in relation to three bag deployment strategies: (1)
standard (S) deployment, with the top portion of bags floating
above surface; (2) modified (M1) deployment, with bags com-
pletely submerged ~3 cm under the surface; and (3) modified (M2)
deployment, with bags submerged ~6 cm under the surface.
Significant differences in bird diversity were found only between S
and M2 bags; of the nine species observed on S bags during the
experiment, only two (P. auritus and L. marinus) were seen on M2
bags. Three factors likely contributed to the decrease in diversity
on M2 bags: depth (6 cm) at which the bag itself was maintained,
floater instability, and interactions with floating organic debris. In
terms of bag depth, it is noteworthy that both P. auritus and L.
marinus have long tarsi, averaging approximately 8 and 9 cm,
respectively (The New Brunswick Museum); species that avoided
M2 have comparatively short tarsi. An influence of depth is
consistent with reports of coastal birds changing their roost
location with rising tides (e.g., Lui’s et al., 2001; Rogers, 2003; Rosa
et al., 2006). The M2 modification also increased floater instability.
Our field notes indicate that the roosting time was very short
(seconds) when P. auritus and L. marinus successfully landed on the
M2 floaters; it was also noted that other species attempted to roost
on M2 floaters but failed and immediately flew away. Lastly, S and
M2 bags interacted differently with floating debris. S bags were
often covered with common eelgrass (Zostera marina), which can
be uprooted following storm events; M2 bags were generally free
of this marine plant. This observation appears relevant because S.
hirundo was occasionally seen feeding on small invertebrates
entangled within Z. marina.

With respect to abundance, the total counts on S bags were
dominated by P. auritus and Larus spp. The experiment showed that
M2 bags attracted significantly fewer P. auritus. The reason(s) for
M2 selecting against P. auritus cannot be determined with
certainty. As indicated above, it is known that P. auritus has a
marked preference for elevated perches where it can spread its
wings to dry its feathers (Hatch and Weseloh, 1999). Floater
instability and the depth of M2 bags probably prevented this
behaviour. Gulls, on the other hand, do not exhibit this behaviour,
which may explain why none of the experimental bag types
significantly reduced the abundance of Larus spp.

4.2.1. Floating cages experiment

In this experiment, the effectiveness of a bird-deterrent device,
the AntiCormo developed by Bouctouche Bay Industries Ltd., was
evaluated at two sites over an 18-week period. The AC can be fitted
onto existing floating cages as shown in Fig. 3e. In the absence of
the AC device, floating cages generally attracted several birds as
was expected from earlier survey results. This outcome indicates
that local breeding populations, essential for the testing of the AC
device, were present at the two experimental sites.

The AC device considerably reduced the number of birds
roosting on floating cages at both experimental sites, with mean
abundance falling from several hundred birds per 100 cages to null
(or near null) values. Field notes indicate that the highest
abundances at the Bouctouche site (e.g., mean of 41.9 birds/100
cages, week 9) were mainly associated with improperly installed
AC devices. There were no indications that the birds adapted to
properly installed AC devices. Therefore it appears that the AC was
a harassing physical barrier, comparable to metal spikes or prongs
commonly mounted, for example, on top of navigation buoys, park
lights and gutters.

It is noteworthy that floating cages are occasionally flipped to
control biofoulers as part of normal husbandry procedures. Once
flipped, AC structures are submerged and the entire wire-mesh
cage is exposed to air, thereby desiccating biofoulers. In our study,
birds quickly resumed their roosting activities at times when cages
were flipped. In New Brunswick, growers flip cages three to five
times per year, and the desiccation of biofoulers normally occurs
over 48 h, after which cages are returned to their normal position
and the AC devices resume their full functionality. Evidently, cage
flipping should be avoided some time prior to oyster harvesting.
The “no-flip” period could be as short as 14 days in cases where
there is follow-up testing for coliforms (Canadian Shellfish
Sanitation Program, 2005).

5. Conclusion

This report presented possible mitigation measures to prevent
the roosting of birds in oyster farms along the eastern coastline of
New Brunswick. For floating bags, results suggested that floater
instability coupled with an immersion depth of approximately

6 cm (for the bag itself) were effective deterrents to birds. Depth

and floater instability were achieved simply by attaching loose
ropes between floaters and bags. However, we recognize that this
deployment scheme may not represent a practical option for the
industry, given that bags must occasionally be flipped and exposed
to air in order to control (desiccate) fouling organisms. Hence it is
unlikely that the bag prototypes tested in the present investigation
will be adopted by the industry. To date, no practical design has
been found for floating bags, although the reported information on
bird behaviour in the present report is useful for ongoing research.

For floating cages, a dented triangular structure (AC) mounted
on top of each floater was an effective deterrent to birds. Moreover,
from a practical perspective, the AC does not interfere with normal
husbandry procedures. New floaters, commercially produced by
Bouctouche Bay Industries Ltd. (New Brunswick, Canada), incor-
porate the AC (USA Patent No. D578,424 and Canadian Registration
No. 125146).
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A COMPARATIVE EVALUATION OF THE HABITAT VALUE OF SHELLFISH AQUACULTURE

GEAR, SUBMERGED AQUATIC VEGETATION AND A NON-VEGETATED SEABED

JOSEPH T. DEALTERIS, BRIAN D. KILPATRICK, AND ROBERT B. RHEAULT
Department of Fisheries and Aquaculture, University of Rhode Island, Kingston, RI 02881

ABSTRACT The habitat value of modified rack and bag, shellfish aquaculture gear (SAG) used for the grow-out phase of the
American oyster, Crassostrea virginica, submerged aquatic vegetation (SAV), Zostera marina, and a shallow nonvegetated seabed
(NVSB) was comparatively evaluated over a 1-year period in Pt. Judith Pond, a tidal estuary in Southern Rhode Island. Enclosure gear
was used to sample the three ecotypes, and organisms (>5 mm) were identified, enumerated, and measured to the nearest millimeter.
Abundances of marine organisms and species diversity indices were used as measures of the habitat value of these ecotypes within each
season. Environmental and geological parameters were not significantly different between the habitats. Emergent surface area (cm? m
of seabed) within each ecotype was estimated, and used to evaluate its role in providing habitat. The SAG habitat had a significantly
greater surface area than either the SAV or NVSB habitats during all seasons. The physical structure of the SAG habitat protects
juvenile fish from predators and provides substrate for sessile invertebrates that serve as forage for fish and invertebrates. The SAG
habitat supported a significantly higher abundance of organisms per m* of seabed throughout the year. Species richness was also
significantly greater in the SAG habitat compared with the SAV and NVSB habitats. A 2-way ANOVA indicated significant
differences in species diversity (Shannon-Weiner index) between habitats. Tukey’s HSD test indicated that the SAG habitat had
significantly higher species diversity than the NVSB habitat, but no significant difference in species diversity was found between the
SAG and SAV habitats. These findings indicate that shellfish aquaculture gear provides habitat for many organisms throughout the
year, and is especially beneficial to ecosystems that support native species of recreationally and commercially important fish and
invertebrates in their early life history stages. Therefore, we conclude that shellfish aquaculture gear has substantially greater habitat
value than a shallow nonvegetated seabed, and has habitat value at least equal to and possibly superior to submerged aquatic vegetation.

KEY WORDS:

INTRODUCTION

Habitat is the place where an organism lives (Odum 1971). This
simple definition is the basis for most ecologic studies involving
habitat quality or value. Other considerations regarding the defi-
nition of habitat are that an organism at any particular life stage has
only one habitat and that an organism’s spatial distribution defines
its habitat (Minello 1999). The characteristics of habitat that have
been identified as being beneficial to organisms include physical
structure, provision of food, substrate, hydrodynamics, and hydrol-
ogy, and these must be specified to quantify habitat utilization by
a particular species (Minello 1999). Physical structure is provided
by submerged aquatic vegetation (SAV) or man-made structures
like artificial reefs. The terms habitat “value” or “quality” when
pertaining to fishery resources is defined as a habitat’s ability to
support a fishery resource (finfish, crustaceans, molluscs, and all
other forms of marine animal and plant life). Studies that describe
fishery resource habitat value primarily use species density or
abundance data (Able, 1999). The purpose of this study is to com-
paratively evaluate the habitat value of modified rack and bag,
shellfish aquaculture gear (SAG) used for the grow-out phase
(Rheault & Rice 1995) of the American oyster, Crassostrea vir-
ginica, submerged aquatic vegetation (SAV), Zostera marina, and
a shallow nonvegetated seabed (NVSB) over a 1-year period in
Pt. Judith Pond, a tidal estuary in southern Rhode Island. The SAG
habitat uniquely supplies an abundance of substrate due to the wire
racks and rigid, plastic bags, in addition to the shell of the culti-
vated oyster.

In a study designed to estimate relative habitat value, Smith et
al. (1989) used mark-recapture data and estimated densities of
scallops (Argopectin irradians) to compare a recently transplanted
eelgrass (Zostera marina) bed to a natural eelgrass bed. In a similar
study, Fonseca et al. (1996) used abundances of shrimp, fish, and
crab species to assess habitat value of the replanted eelgrass as
compared with nonvegetated areas and naturally occurring eel-
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grass meadows. Recent studies involving oyster reefs have used
similar criteria to determine relative habitat value by sampling
nekton densities within the reefs. Coen et al. (1999a) conducted a
long-term study comparing the habitat value of oyster reefs in the
southeastern United States by measuring several parameters, in-
cluding water quality and abundances, of resident and transient
fauna. Faunal densities were used to compare species richness
between natural and experimental reefs. Carr and Hixon (1997)
compared fish assemblages and abundances to determine species
richness on natural and artificial reefs. O’Beirn et al. (2001) in-
vestigated the organisms associated with oysters cultured in float-
ing systems by measuring the number of macro-faunal species
inhabiting these floating culture systems, so as to determine the
species richness of this unique habitat.

Natural oyster reefs have been identified as essential fish habi-
tat because not only do they support the oysters themselves but a
myriad of other fishery resources. There is abundant evidence that
indicates these reef communities are extremely diverse and show
differences in species abundances as compared with adjacent non-
vegetated, sand flat habitats. Oyster reef habitats are not only
highly diverse but include species absent in adjacent soft-bottom
environments (Coen et al. 1999b). In addition to obligate oyster
reef residents, a variety of transient species occupy the reef in a
facultative way (Posey et al. 1999). Grass shrimp, blue crabs, and
other fish were observed utilizing the reefs possibly for foraging or
refuge purposes. Breitburg and Miller (1998) reported that resident
finfish populations are dependent on oyster reef habitats due to the
physical extent of the reefs, their suitability as refuges from preda-
tors, and abundance of prey for consumption. These characteristics
influence the abundance, growth, and reproduction of these resi-
dent finfish, thus demonstrating that oyster reefs enhance fish pro-
duction. There is evidence that the 3-dimensional structure of oys-
ter reefs affect the spatial distribution of various fish and perhaps
the overall abundances. Striped bass and other predatory fish have
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been observed to hover near reefs utilizing them as foraging sites
Breitburg 1999).

Habitats that exhibit structural complexity have been shown to
support higher numbers of species as compared with barren non-
vegetated bottom types (Orth & Heck 1980). Orth et al. (1984)
concluded that an increase in habitat complexity due to eelgrass
density should increase refuges for prey species. Man-made struc-
tures have also been shown to increase abundances of fishery
resources (Carr & Hixon 1997). Man-made structures or “artificial
reefs” may be specially constructed and consist of concrete rubble
(Kelch et al. 1999) used for the purposes of creating habitat for
fish. Grossman et al. (1997) hypothesized that if habitat is limiting,
new artificial reefs can potentially increase fish production through
3 mechanisms: (1) an increase of foraging habitat for adult, juve-
nile, and/or newly recruited fishes; (2) an increase in breeding
habitat; and (3) an increase in predator refuge or resting habitat.
Therefore, shellfish aquaculture gear may serve as an artificial reef
habitat by virtue of its inherent structural complexity and extensive
time spent on the seafloor throughout the year, thereby increasing
the fish production in the ecosystem.

MATERIALS AND METHODS

Study Area

Three habitats (SAG, SAV, and NVSB) were sampled in
Pt. Judith Pond, Rhode Island, a shallow 6 km tidal estuary that
discharges into Block Island Sound. The 1.0 h aquaculture lease
site contained over 600 oyster cages, each consisting of a 1.8 m X
0.6 m x 0.6 m wire cage that held 12 mesh bags of shellfish on
shelves. The oyster cages were placed 2.4-6.1 m apart on the
seabed in 2.4-3.0 m of water. The SAV and NVSB habitats were
located approximately 1.5 km south of the aquaculture lease in Pt.
Judith Pond at similar depths of water.

Experimental Design

The research design was a four (season) by three (habitat type)
factorial design with three replicates within each habitat. Three
habitats (SAG, SAV, and NVSB) were seasonally sampled in rep-
licate between December 2000 and October 2001 so as to evaluate
the following habitat characteristics: macro-epibenthic fauna com-
munity structure, and the physical, chemical, and geological envi-
ronmental conditions. All three habitats sampled using enclosure
type gears to maximize the efficiency and consistency of sampling
(Rozas & Minello 1997).

Field and Laboratory Methods

Moonstone Oyster Company cultivates the American Oyster
(Crassostrea virginica) in cages that are cleaned every 4-6
months. We selected cages for sampling that had been cleaned 4-6
weeks prior to each seasonal sampling so that they would have a
representative seasonal fouling population. Lift-nets (2.1 m x 0.9
m with a 2-mm mesh) were placed beneath three randomly se-
lected SAG units 2 weeks before sampling to allow sufficient time
for swimming organisms to return to the cages following the dis-
turbance of lifting the cage to place the lift nets underneath.

A scuba diver deployed the lift-net so that it completely en-
closed the oyster cage during recovery. All free swimming epi-
fauna >5 mm were recovered from the lift net enclosure along with
three randomly selected oyster bags, and were taken back to the
laboratory for analysis. Each oyster cage was also randomly
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sampled in five locations with a 0.022 m? (15 ¢m x 15 c¢m) quadrat
to assess sessile invertebrate growth. The oyster cages are con-

structed of 5.1 cm mesh, vinyl-coated, 2 mm diameter wire. Per-
cent cover of each biofouling organism within each quadrat sample
was assessed to the nearest class and/or phylum. The percent cover
of sessile invertebrate growth on the oyster bags was determined in
a similar fashion. Total biomass of sessile invertebrates on the
cages and bags was estimated for the entire surface area of the

cages and bags by extrapolating mean sample values to the total

surface area. A random subsample of 10 oysters was taken from
each of three bags taken from each cage. Oyster length and width
was measured to the nearest millimeter using vernier calipers and

the surface area of the oysters and sessile invertebrate growth on
both sides was estimated to the nearest square centimeter. Results
were averaged within seasons and extrapolated over an average of

200 oysters per bag or 2,400 oysters per cage. The total surface

area and sessile invertebrate coverage (cm?) for each oyster cage
consisted of the sum of the surface area of the oyster cage, the 12
oyster bags, and the seasonal average surface area of the 2,400
oysters. These sums were divided by the area enclosed by the lift
net used to sample the SAG habitat (1.95 m?). Thus, surface area
and invertebrate growth are referenced to area (m?) of the seabed.
The SAV and NVSB habitats were sampled on the same day
within a few hours of noontime during each of the seasons. These
habitats were randomly sampled using a 2-mm mesh drop-net
(2.13 m % 0.92 m) and a venturi-driven suction dredge deployed
from a small skiff. The animals were collected in a 2 mm-mesh
catch bag and returned to the laboratory for analysis. The emergent
portion of the SAV habitat was randomly subsampled with a 0.25
m? quadrat (3 replicates) each season. The eelgrass blades within
each quadrat were clipped at the base and measured to the nearest
100 cm using vernier calipers. Sessile invertebrate growth (cm?)
on the SAV was similarly estimated. The NVSB habitat was de-
void of emergent substrate and attached sessile invertebrates.

All free swimming organisms >5 mm in length collected from
each of the three habitats were identified to the genus and species,
and measured to the nearest millimeter using vernier calipers.
Temperature, salinity, and dissolved oxygen were seasonally mea-
sured during each sampling event in each habitat. Sediment from
each habitat was collected seasonally using a 7.5-cm diameter
x15.2-cm deep corer. Mean sediment grain size was determined by
dry sieve analysis (Folk 1968).

Data Analysis

Seasonal environmental parameters (temperature, salinity, and
dissolved oxygen) were analyzed by 2-way analysis of variance
(ANOVA) without replication (EXCEL 1997) between habitat and
season. The environmental dependent variables for each season
were also analyzed using 1-way analysis of variance (ANOVA).
Tukey’s honest significant difference (HSD) test was used to com-
pare treatment means when an F-test indicated significant treat-
ment effects (SPSS vs.10 1999). Sediment type data for each habi-
tat was characterized according to percent gravel, sand, and silt-
clay using a 2-way ANOVA without replication (EXCEL 1997)
between habitat and season. This analysis was repeated after sub-
tracting the gravel component from the oyster cage habitat to com-
pensate for the presence of shell hash from the aquaculture opera-
tions. Physical habitat complexity was measured in terms of emer-
gent surface area within each habitat. The average surface area
within each of the replicates for each habitat was log transformed
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(In(cm?)) to satisfy the homogeneity of variance assumption for an
analysis of variance (Zar 1984). The average surface area was
compared with a 2-way ANOVA (SPSS vs.10 1999) between habi-
tats and seasons, and Tukey’s HSD test (SPSS vs.10 1999) was
used to compare treatment means when an F-test indicated signifi-
cant treatment effects.
The community structure was analyzed using Ecological Meth-
odology (Krebs 1989) statistical software (Exeter Software 2000).
The raw data used in the statistical software consisted of species
abundances (3 replicates) within each habitat for each season.
Species richness was determined by the Jackknife method for
quadrat counts (Heltshe & Forrester 1983). Shannon-Weiner spe-
cies diversity and Smith and Wilson species evenness indices were
generated using Ecological Methodology statistical software
(Exeter Software 2000). The indices of species richness, diversity,
and evenness within each habitat were each analyzed using a
2-way ANOVA (SPSS vs.10 1999) between habitat and season.
Tukey’s HSD test (SPSS vs.10 1999) was used to compare treat-
ment means when an F-test indicated significant treatment effects.
Species abundance data within each habitat were compiled into
5 categories for analysis; total abundances of all organisms
sampled, fish, crustacean, mollusk abundances, and total surface
covered by sessile invertebrates. The abundance data were log
transformed (In(X)) to satisfy the homogeneity of variances as-
sumption (Zar 1984) and analyzed using a 2-way ANOVAs (SPSS
vs.10 1999) between habitat and season for each abundance cat-
egory. Tukey’s HSD test (SPSS vs.10 1999) was used to compare
treatment means when an F-test indicated significant treatment
effects. Correlation analysis (EXCEL 1997) was used to investi-
gate the relationship between the total abundance of animals ob-
served in each habitat and season, and the emergent surface area
found in each habitat and season.

RESULTS

Environmental Parameters and Sediment Characteristics

There were no significant differences in temperature, dissolved
oxygen, or salinity between sites (P < 0.05) in any given season.
Temperature varied seasonally from 3.0 to 23.7 °C; salinity was
influenced by rainfall and ranged from 25.0 ppt to 34.6 ppt; and
dissolved oxygen peaked in winter/spring at 11.9 mg/L and was
lowest in spring/summer at 6.4 mg/L. The three sampling sites had
a similar grain size composition, dominated by sand (mean 93.5%)
and silt-clay (mean 6.5%), however there was a substantial gravel
component (4.27%) in the SAG site that was comprised primarily
of oyster shell fragments. After removing this fraction, the sedi-
ments from the three sites were not significantly different from
each other (P <0.05).

Habitat Structure

Habitat structure, described in terms of emergent surface area
(cm?) per m? of seabed, varied as a function of habitat type and
season (Fig. 1). The log transformed average emergent surface
area varied significantly both between sites and between seasons
(P <0.001). There were significant differences (P < 0.05) between
each of the 3 habitats (SAG>SAV>NVSB), and significant differ-
ences (P < 0.01) between each of the seasons (except between
spring/summer and winter/spring). The SAG habitat, due to the
cages, bags, and oysters, provided an average of more than 60
times the emergent surface area per square meter over the course
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Figure 1. Emergent surface area (cm”m? of seabed) for each habitat
and season.

of the year than the SAV habitat. The SAV habitat had mean shoot
densities of 554/m? in the spring/summer and summer/fall seasons
and 224/m? in the fall/winter and winter/spring seasons. The
NVSB habitat was devoid of emergent surface area during all
seasons.

Community Structure

Species richness was also consistently higher in the SAG habi-
tat (Fig. 2a). There were significant differences (P <0.01) between
habitats, and between seasons (P < 0.05). Species richness was
significantly different between each habitat (SAG>SAV>NVSB)
and between fall/winter and summer/fall seasons. The mean
Shannon-Weiner Index values of species diversity were highly
significantly different between habitats (P < 0.001) and between
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Figure 2. A. Species richness values for each habitat and season, B.
Mean Shannon-Weiner values for each habitat and season, C. Mean
Smith and Wilson measure of evenness values for each habitat and
season.
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seasons (P <0.01). The SAG habitat was not significantly different
from the SAV habitat (P > 0.05), however both of these habitats
were highly significantly different (P < 0.01) from the NVSB (see
Fig. 2b). Significant differences (P < 0.05) in species diversity
were also found between the fall/winter and winter/spring sam-
pling and between fall/winter and spring/summer. The SAG habi-
tat showed consistently lower Smith and Wilson species evenness
values than either the SAV or NVSB because a few species tended
to dominate this habitat (see Fig. 2¢). There were highly significant
differences in species evenness between habitats (P < 0.001), but
not between seasons (P > 0.05). The SAG habitat was significantly
lower in species evenness than either the SAV or NVSB habitats
(P <0.05).

Species Abundances

The SAG habitat consistently supported far greater abundances

of organisms than either the SAV or the NVSB habitats throughout
the year (Fig. 3). There were highly significant differences (P <
0.001) between habitat and seasons for the species abundance data.
There was a highly significant difference (P < 0.001) in species
abundance between each habitat (SAG>SAV>NVSB). There was
also a significant difference (P < 0.05) in species abundances
between all seasons except winter/spring and spring/summer sam-
pling periods showed no significant differences (P > 0.05). A
strong correlation (r  0.94) was found between the total abun-
dance of organisms in each habitat and season and the emergent
surface area available in corresponding habitat and season (Fig. 4).
Ten fish species were identified inhabiting one or more of the
three habitats sampled during the course of the study (Fig. 5), and
individual fish species abundances are shown for each habitat and
season in Figure 6. There were hig