Subaqueous Soils and Shellfish Aquaculture
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Aquaculture projects
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Shellfish Growth Experiment Locations
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Subaqueous Soil
Landscape Relationships
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Hard-shell Clam Growth

Aquaculture Site ID Fl::l:lln?; £ lﬁ':i:;ihl Rj:r:?; f:d
NWES 21 31.0 .
NWF 168" 18.3 1)
NMC 181" 21.4 115
NLB N/A A 0
QWES 1 ?.6}: 20.6 109
QWF 19.1° 243 126
QSMB 18.0 21.4 17
QLBY 159 16.3 043

Initial size
9mm

300
clams/plot

420 days



Oyster Growth Initial size 30 mm long in June 2008

October 2008 June 2009 October 2009

Aquaculture %>76mm %>76mm % >76 mm

Site ID

NWFS 0 20 731
NWF 0 30 44
NMC 0 13 45
NLB 0 0 I

"""" QWFS | 3 19 &

QWF 1 24 62
QSMB 2 16 61
QLB N/A 3 24




Oyster growth/day vs Sand Content

y=0.7192x + 33.937
R*=0.85

50 60 70
Grain Size > 0.05 mm (%)




5 growing seasons (2008 — 2009,
2011 — 2013)
— 3 replicate aquatrays/site
(250 oysters/m?)
— Sampled 30 oysters from
each tray
— Calculated growth rates

(mm/day)
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Growth Rate (mm/day)

Oyster Growth vs. Estuary Type
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Avg. Growth Rate (mmiday) (Standardized)

|

Avg Grewlh Rate (mmday) slandardized)

Oyster Growth (

- TR

o o

(U

-2 1

0.5

0.0

1.0 -5 III-C 0.5 1.0
Fercent Sand; & Honzon (Standardized)
Soil Classification

haplo PSAMMo
Soil Taxonomy: Great Group

ﬁ._;l'l

LMM

Avg. Growth Rate (mmiday) (Standardized

=]
=]

&
k]

&
£a

=]
{%

effects plots)

% Organic Matter
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G'I'H..'If‘lll: Makter: A Honzod

Chl-a, and Avg. start size, were also
significant in each candidate model,

and explained a greater proportion
of the variance in the growth data




Oyster Aquaculture in
Ninigret Pond, RI
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Oyster Aquaculture in
Potter Pond, RI
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Effects of oyster aquaculture on the benthic environment

Dissolved nitrogen
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Aquaculture sites were in continuous use from 5 to 21 years




Each site had a control not used for aquaculture

Soil Properties

Particle size

Electrical conductivity
Bulk density

Total N and C
Pore-water sulfide
SVES

Benthic Infauna
gst- <
* Species analysis
* Functional feeding
group analysis
Functional diversity of
infauna




Bulk Density (g cm)
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Total C (g kg'")
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Total N (g kg")
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Back of the envelope N budgets

N in the water column
N stored in the oyster tissue (6 to 10% of dry weight)
Denitrification in the oyster (maybe as much as 3%)

N in the biodeposits (1 to 2 g of N per day per aquaculture
rack)

N sequestered in the soil
Denitrification in the soil
N resuspened into the water column



Soil pore-water sulfides
Control Sltes Aquaculture Sites




Aquacultgre !)f/FG Counts

3%
32% = Deposit
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A Call to Actmn on Ocean Acidity s

By JOHM COLLINS RUDOLF IGT
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Ocean Acidification: It’s Time to Act
" How Climate Change I| EDTORIAL

B Oyster Business The Oceans’ Shifting Balance
Sufuly « UN: Oceans are 30 percent more acidic than
The Great (C before fossil fuels T v

Coral Cover Fosted by David Braun of Mational Geographic on December 15, 2008
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e Oyster Die-Offs
Countries Most Vulnerable to Ocean Acidification
FPosted by Michael Conathan of

2012 Acid In The Oceans: A Growing Threat To Sea Life

sl Is Your SUV Killing Ocean Coral
Scientists Reefs')

Posted by David BL _

van suenusn auapt to More Acidic Water?
by LAUREN SOMMER



Acidification and Commercial Bivalves

Negative responses to acidification
Low pH (< 7.6), Qar, saturation (< 1)

— Larval development
— Recruitment

— Growth

— Survival

— Shell dissolution

o ey

Ventral margin lost
P

Early Development Stages =

Green et al., 2009




Ocean vs. Coastal Acidification

Hofmann et al. 2011

pH in the coastal zone is much more | A
variable when compared to the open o= ===
ocean T

7.4 - Open Ocean

Temperate Eastern Pacifie (CCE1)
T2 Tropical Central Pacific (Kingman Reef)

Additional Sources of Acidity

: . 0 é 0 1l5 20 zls 30
* Nutrient enrichment Hof | 2011
ofmann et al.

* Freshwater inputs .
 Sediment biogeochemistry oo
— Sulfide chemistry rep
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Soil Depth (cm)

Soil pH Depth Profiles

= Haplowassents
(n = 15)

- Sulfiwassents
(n = 44)

- Psammowassents
(n = 25)

Still & Stolt, 2015
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In-situ Oyster Shell Dissolution

Shells were oven dried
at 105°C

Bags were deployed for
four weeks (August)

Shells were washed and
oven dried at 105°C

% shell loss was calculated




Shell Loss (%)

Shell loss across sites/treatment

1 Water Column

B Soil

Haplowassent

NP-MBGW1

Sulfiwassent

GB-BF

NP-LB

Site

Psammowassent
1T
-
-
GB-DS GB-P NP-WFF



Aquaculture Management in Rhode Island

CRMC Red Book
In the coastal salt ponds the area The State of Rhode Island
occupied by aquaculture shall not
. Coastal Resources
exceed five percent (5%) of the total Management Program

As Amended

open water surface area of the coastal
pond below MLW. (CRMC Red Book
300.11(E)(6)

The 5% rule



Data Layers

Source

Description

Docks/Piers

Mavigation Centerline

Moorng/Anchorage

Potential SAV areas

Recreational Shellfishing

RIDEM Spawner Sanctuary

RIDEM Shellfish

(Generated
(this study)

(senerated
(this study)

(Generated
(this study)

RIGIS

Rl SMF

RIDEM

RIGIS

23 ft buffer established around all doc/pier
structures within each pond

150 ft navigation comdor established for
heavily used areas of each pond.

Moonng/anchorage areas identified by
digitizing from summer period aeral imagery

Combined footprint of submerged aquatic
vegetation from 2009 and 2012 collected by
the Rl Eelgrass Mapping Taskforce

Recreational shellfishing areas identified on
the Rl Shellfish Management Plan user maps

Shellfish Spawner Sanctuanes designated by
Rl Department of Environmental Management

Data m::ludea areas
prohibited from the harvesting of shellfish

Uses
incompatible
with shellfish

aquaculture

Aquaculture
Restriction
Zone (ARZ)



Haplowassents

ARZ

- Psammowassents
- Sulfiwassents
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inigret Pond
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