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Presentation Notes
This presentation was in fulfillment of the Coastal Institute IGERT Program (CIIP) white paper project.
Presenter contact :   carriebyron@mail.uri.edu

For more information on CIIP and white paper expectations see:
http://www.ci.uri.edu/CIIP/default.html


Oyster production =
97% RI aquaculture
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2006 = 97% (Alves, D. (2006). Aquaculture in Rhode Island. 2006 Yearly Status Report. CRMC.)


2001 $300,000 18

2006  $1.3 million 28
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2006 = 99 acres
2008 = 123 acres (D. Alves, CRMC)
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Wild harvesters concerned about the potential loss of fishing grounds.
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Wild shellfish harvesters, aquaculture reps, academicians, NGOs, and managers (DEM & CRMC) meet every month to discuss whether any limits should be placed on shellfish aquaculture and suggest regulation changes to guide the growth of aquaculture in the state of RI. The working group requested a scientific review on science-based information on the limits to aquaculture development in Rhode Island which was completed by the biology subcommittee (available at: http://www.crmc.ri.gov/projects/aquaculture.html). The issue that received unanimous attention was carrying capacity. Everyone wanted to know the carrying capacity for shellfish, specifically oyster aquaculture, in RI salt ponds and in Narragansett Bay. 



»“Limit aquaculture to 5 percent of
R.l. waters, experts say

Providence Journal Sunday, March 2, 2008
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Public attention. Current consensus of working group = 5% limit. This number is a work in progress. First, we need to know carrying capacity for shellfish.


Carrying Capacity
Physical: total area of marine farms that can be

accommodated in the available physical space

Production: the stocking density of bivalves at which
harvests are maximized

Ecological: the stocking or farm density which causes
unacceptable ecological impacts

Social: the level of farm development that causes
unacceptable social impacts

Inglis et al. 2000
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4 types of carrying capacity that can be applied directly to bivalve aquaculture.

See:
Inglis, G. J., Barbara J. Hayden, Alex H. Ross (2002). An overview of factors affecting the carrying capacity of coastal embayments for mussel culture. C. C. R. C. v. p. NIWA.
McKinsey, C. W., H. Thetmeyer, T. Landry, W. Silvert. (2006). "Review of recent carrying capacity models for bivalve culture and recommendations for research and managment." Aquaculture 261(2): 451-462.
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Carrying Capacity

* Physical: total area of marine farms that can be
accommodated in the available physical space

* Production: the stocking density of bivalves at which
harvests are maximized

* Ecological: the stocking or farm density
which causes unacceptable ecological
impacts
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Focus = ecological carrying capacity which concerns the entire system – there are several ecosystem services we need to preserve or enhance – and there are many user groups that rely on these various services.


No fish

s an
Island

It zignifies that all living organismis are linked together,

In the oceans, for example,

_'_'_ despite our great impact,

: are only one of mmany predators.
Me must learn to behave responsibly in a realm
where we are the intruders,
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Determine carrying capacity by developing a mass-balance model using Ecopath with Ecosim (EwE).

For more information on EwE go to:  
http://www.ecopath.org/


W. Jiang, M.T. Gibbs / Aquaculture 244 (2005) 171-185

65 t km2yr?

Collingwood

Golden B
olden Bay stephenslsland/

Tarakohe

Greville Habour

wWv.westpacmussels.com

Fig. 1. Map showing Golden and Tasman Bays, northern end of the South Island of New Zealand.
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Jiang, W., Mark T. Gibbs (2005). "Predicting the carrying capacity of bivalve shellfish culture using a steady, linear food web model." Aquaculture 244: 171-185.

Study in New Zealand bay.
Concerned with rapid growth of mussel industry and impacts on other shellfisheries (Cockles 58%, Oysters 12%, Mussels 3%) and ecosystem.

Used Ecopath to create model of bay. Increased mussel biomass in model until saw changes in trophic structure of ecosystem = ecological carrying capacity  = 65 t km2 yr -1. Continued to increase mussel biomass until reduced system to detritus-nutrient-phytoplankton-mussel system = production carrying capacity  = 310 t km2 yr -1.
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Determine ecological carrying capacity
using Ecopath model

b

What do we know &

need to know
to build the model ?
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% White Paper

Adapt Existing Model for
Narragansett Ba




% White Paper

Adapt Existing Model for Build New Model of
Narragansett Bay RI salt ponds
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Fig. 2. Average annual energy flow (mg C m™ yr ') and compartmental biomass (mg C m™?) in Narragansett Bay
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Monaco, M. E., Robert E. Ulanowicz (1997). "Comparative ecosystem trophic structure of three U.S. mid-Atlantic estuaries." Marine Ecology Progress Series 161: 239-254.

Narragansett Bay Ecopath Model
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Need to add ‘cultured oyster’ group to adapt existing model for our purpose of determining carrying capacity.



e

f Calculate Carrying Capacity
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Can now determine carrying capacity using methods outlined by Jiang and Gibbs (2005) using our adjusted Narr Bay model.
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1 approach = rescale Narr Bay model to be appropriate for salt pond physical characteristics. OR

2nd approach = build a new model.



Procedure

Identify Groups

Estimate Parameters

Estimate Confidence Intervals

Balance Equations

Ecosim: Solve Equations

Ecospace: Design Spatial Grid

Determine parameters at each grid point
Solve Ecosim equations at each grid point

Pfeiffer-Herbert 2007
Christensen & Walters 2004
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8 step procedure in developing new EwE model.


Procedure

Identify Groups
Estimate Parameters

. Estimate Confidence
. Balan
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1st step – determine spp groups
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Export / Extraction

Planktivorous Fish
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Piscivorous Fish
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Halozooplankton

Merozooplankton

Phytoplankton

Benthic Feeding Fish
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Eelgrass & Macroalgae
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Benthic Bacteria

Benthic Micoalgae
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Carrie Byron, Robert ‘Skid’ Rheault, David Alves, David Bengtson, Ivan Mateo, and Barry Costa-Pierce identified the important species groups (or functional groups) in the salt ponds.


FU®ctional Group

Detritus
Benthic Microalgae

Benthic Bacteria
Deposit Feeders

Eelgrass & Macroalgae

Species Common Name

Diatoms, dianoflagellates, cyanobacteria

Polychaete Worms

Benthic copepods
Eelgrass
Red algae
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Species included in each functional group (page 1 of 2)


Fif2r Feeders

Cultured Oysters
Phytoplankton
Halozooplankton
Merozooplankton

Oysters

Clam

Slipper limpet

Ascidians, Tunicates, Sea Squirts
Clam

Annelid worms

Oysters
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(page 2 of 2)


Procedure

v" Identify Groups
. Estimate Parameters

. Estimate Confidence Inte
. Bal:
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9 parameters need to be estimated for each species group.


e

2. Parameters
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2 ways to estimate biomass:
-Measured directly in the pond, or 
-Estimate from other systems
	need estimates of habitat type so can get total biomass in pond. Certain species associate with certain habitat types.


2. Parameters

1.  Biomass

Production/biomass ratio

2.
i
4.




2. Parameters

1. Bilomass
5. Production/biomass ratio
5. Consumption/biomass ratio

4.




2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio

Ecotrophi
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EE = value between 0-1. 
0 = no other species are preying on the group & 
1 = many species are preying on the group.



2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio

Ecotrophi
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extraction


2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio

Ecotrophi
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Treat migratory species as part of the system all the time (adjust EE low & set diet proportions as ‘import’ in diet composition matrix).

If treat speacies as migratory across boundaries, Ecopath severs life-cycle dependencies or life-stage linkages, such as stock-recruitment linkages, which would oversimplify the system.


2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio
Ecotrophic efficiency

Catch rate

Net migration rate into pond

Biomass accumulation rate


Presenter
Presentation Notes
Ecopath is NOT a steady state model. Biomass accumulation can be calculated as the difference between the biomass of a group at the beginning of a year and the beginning of the next year. Biomass accumulation is a production term that needs to be entered for all groups except detritus.



2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio
Ecotrophic efficiency

Catch rate

Net migration rate into pond
Biomass accumulation rate

Food assimilation rate
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Food assimilation is the percentage of consumption and can be calculated from other values needed in the basic input: biomass (B), consumption/biomass (Q/B), part of consumption that is not assimilated (GS) for group i.          Bi · (Q/B)i · (1 - GSi)
If no estimates are available for GS, a default value 0.2 is suggested for carnivorous fish or 80% of the consumption is assumed to be physiologically useful while the non-assimilated food is directed to the detritus. A higher proportion is appropriate for herbivores and zooplankton, up to 0.4.

In short, food assimilation is a measure of how much food consumed is used for physiological functions verses how much gets directed to the detritus pool.


2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio
Ecotrophic efficiency

Catch rate

Net migration rate into pond
Biomass accumulation rate
Food assimilation rate

Diet composition



2. Parameters

Biomass
Production/biomass ratio
Consumption/biomass ratio

Ecotrophic efficiency

Catch rate

Net migration rate into pond
Biomass accumulation rate
Food assimilation rate

Diet composition
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First four parameters essential in creating model – beginning point. Only need to input 3 of the 4 parameters and Ecopath will solve for the 4th. Typically, let Ecopath solve for EE, since that is the most difficult to define. 
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Data available in peer-reviewed literature on following parameters in the salt ponds.

http://www.pubs.usgs.gov/
http://www.horta.uac.pt/
http://www.cybercolloids.net/
http://www.solpugid.com/cabiota/ulva_lobata.jpg

" Pond Data

e DEM
e Larval fish : Quonnie, Pt. Judith, Ninigret, Winnapaug ,,
e Finfish : Quonnie, Pt. Judith & Potters
e Shellfish : RI aquaculture, Narr Bay Quohogs ;} ;

e Pond Watchers

\ e Productivity
p:E ® RI South Shore Sea Grant Project A |
e Physical g .:eg; X R\
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Ongoing data collection and pond monitoring. 

RI DEM:
http://www.dem.ri.gov/topics/mftopics.htm

Pond Watchers:
http://www.uri.edu/ce/wq/ww/Publications/SPCMonitoringManual.pdf
http://seagrant.gso.uri.edu/bookstore/saltpond.pdf

RI South Shore:
http://seagrant.gso.uri.edu/coasts/

MapCoast:
http://www.ci.uri.edu/projects/mapcoast/


Procedure

v" Identify Groups
v"  Estimate Parameters

5. Estimate Confidence Intervals
4. Balar




Procedure

v" Identify Groups
v"  Estimate Parameters
v" Estimate Confidence Intervals

4. Balar
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4. Balance Equations

Production: =
predation

+fishery
+ other mortality
+ DIGMASS/accum.

+ net migration:



P = g

4. Balance Equations

Production = Consumption =

predation production

+ other mortality,

+ PIomass accum.

+ net migration:
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f Calculate Carrying Capacity




Calculate Carrying Capacity

Sun & Nutrients
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After equations are balanced, base model is complete and can determine carrying capacity using methods of Jiang and Gibbs (2005), using salt pond model.


Procedure

v" Identify Groups
Estimate Parameters

Estimate Confidence Intervals
Balance F



Presenter
Presentation Notes
Ecosim = simulation component of Ecopath that models temporal variability.


5. Ecosim

Temporal variability in biomass
Repeated simulations
Forcing functions

Seasonal or 100+ years

Biomass

WA

Time



Procedure
Identify Groups

Estimate Parameters

Estimate Confidence Intervals
Balance Equations

Ecosim: Solve Equations

Ecospace: Design Spatial Grid
Determine parameters at each grid point
Solve Ecosim equations at each grid point
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Ecospace = simulation component that models spatial variability. Can look at variability at habitat scale, rather than ecosystem scale.
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3D-gaming engine driven by EwE
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Ecoseed = New simulation component being developed that produces 3D images. For details see: 
http://mgel.env.duke.edu/proj/mebm/funded-projects/ecoseed/index_html/


3D-gaming engine driven by EwE

www.touchthesea.org/clamlv2.jpg
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3D-gaming engine driven by EwE




Recommendations
Narragansett Bay Salt Ponds

Add ‘cultured oysters’ Rescale Narr Bay model
group

Build new model
Limited data in ponds

Cultured "\ A Infer parameters from
Oysters -3 other locations
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