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Suppositions

Supposition 1: aquaculture organic wastes are not
“wasted” or do environmental damage when farms
are optimally sited, sized and operated

But rather: aquatic and wildlife food webs may be
beneficiaries of these nutrients, but poorly described

Supposition 2: benthic effects are documented near
farms but standard techniques do not measure such
effects‘at much greater distancesfrom the pens.

Examination of food web linkages through
alternative types of measurement provides a means
to evaluate such farther field effects




What we usually measure....

e Sediment chemistry: surrogate for sea or river bottom biota. These can
be effective for defining adverse effects zones ....but static “snapshots” fail
to tell us what is happening further away

... Why is that?

Aquatic food webs are not divided into separate, exclusive
compartments but regulatory focus is appropriately near-field oriented

Higher organisms (macroinvertebrates, fish, marine mammals, sea
birds) are interlinked into the system as are lower level organisms such
as bacteria

The media and some eNGO’s have confused these issues by assuming
all nutrients are pollutants in all situations.

Earth’s aquatic food webs dependent on nutrients.... the open ocean is
actually becoming more nutrient and phytoplankton impoverished as
are many now impounded great rivers.




Conceptual Model:
Organic Carbon Enrichment or Pollution Continuum

OPPORTUNISTIC
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INCREASING ORGANIC INPUT

Source: Pearson and Rosenberg 1978
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Fish Farming in the Columbia River Example




No anadromous fish migration above
Chief Joseph Dam

No marine derived nitrogen upstream
except fish farm inputs

Unique experimental opportunities for
stable isotope tracing
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Grand Coulee Dam
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Pacific Aquaculture steelhead trout
(sterile) fish farming
3,000 MT Annual Production
All new cages, equipment, processing plant
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- » Eutrophic to Oligotrophic in 30 years

e ~74% decline (1976-79 to 2004-10)
e River nutrient spiraling greatly diminished
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2 Minute Stable Isotope Primer

* Are fish wastes being taken up by the biota downstream or just feeding bacteria and
using oxygen for respiration? Stable isotope tracing of food source to consumer

» Stable isotopes are variants of atoms of specific elements with differing numbers of
neutrons. (not radioactive): For example:

12Carbon-13Carbon; 14Nitrogen -15Nitrogen

e Higher organisms consume and concentrate the heavy isotopes preferentially

e Respire the lighter carbon as CO2 and excrete the lighter nitrogen as urine

e Fish farms produce particulate C but mostly dissolved N, profound effect on results.




Percent Nitrogen

Percent Carbon

For Comparison to Stable Isotope Results
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Sculpin Stable Isotope 3Carbon
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e Sculpin as a sentinel species for biomonitoring:
e Small home range
e Consume waste feed and fish feces!




Crayfish Stable Isotope 3Carbon
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Omnivores (multiple food sources)
More complex food web
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* Significant increase in 15N for sediment, snails,
sculpins, sponge but not crayfish.




Dual Isotope (N and C) Analysis: One Food Source Example
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Dual Isotope (N and C) Analysis: Multiple Food Source

Periphyton = highly variable mixture of sources, not single source. |
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Image U.S GeologicalSurvey.
© 2011 Google




Rufus Woods Lake 3C x >N Mixing Model Results

Sculpin: Reference Area
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Rufus Woods Lake 2009 Sculpin
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e Qverfeeding with prior, short-term :
ownership & management! (e

e Prickly sculpin serve as excellent e
biomonitoring (and prey) species

e Small home range and relatively easy to
capture with slurp gun
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Temperature (°C)

Puget Sound Net Pen Examples

2010 Average Monthly Water Temperature Ran kI ng Of

| nutrient
\/\ sensitivity:
Nutrient &

subsurface
—Clam Bay d|SSO|V€d
—Cypress Island Oxygen

monitoring

FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC

Rensel (1991)

Highly scrutinized and for U.S. EPA

regulated industry

But science-based permit &
appeals system

The result of extensive research
in 1980s & 1990s




1969-85 Pens: Nutrient Sensitive Areas
1969 85 Pens Non- Nutrlent Sensitive Areas
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~ Phytoplankton
Growth Limiting
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Sunlight, vertical mixing & advection limit algal growth, not nutrient supply,
in main basins of Puget Sound and the Strait of Juan de Fuca. (after P. Harrison, UBC)






Billions of
Amphipods

o Jassa marmorata

After. Myers, 1989,
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Limits of Adverse Effects & Where is the Halo Zone?

e Sediment impact zone: 30m from pens allowable effects

e Sampled for infauna, total organic carbon and sediment grain size
* Most pass, some have had to reconfigure or shift location slightly
 Infauna samples outside zone often show no enhancement. Why?
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Higher Food
Web Effects

Sport & Commercial Species
Abundant Near PS Net Pens

~ Spot Prawns &
Side Striped Shrimp
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Few
Ducks &
No Farm
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Cypress Island
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Few
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Image U.S. Geological Survey
Image © 2011 TegaMe;rlcs
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Oyster/Mussel/Salmon Aquaculture |
IMTA in Puget Sound
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Pacific Oysters & Gallo Mussels American Gold Seafoods (Icicle Seafoods)
5 replicates of each at four locations Taylor Shellfish Farms

o 133m
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Chlorophyll a, total volatile solids and total suspended solids monitored =—\‘—




Pacific Oyster Growth

Cypress Island Oysters: Net Length Increase Clam Bay Oysters: Net Length Increase
September 2008 to January 2009 September 2008 to January 2009
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But...... Mussels: No significant growth effects !
Literature IMTA growth documentation is limited



- Oysters at Cypress Island Late Winter and Spring
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Oysters at Cypress Island Reference Station

Fall and early Winter
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Oysters at Cypress Island Reference Station

Fall and early Winter
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IMTA Puget Sound Synthesis

Experiment1l: 2009-2010
Oysters Mussels
Ranki Clam Bay Cypress Island Clam Bay Cypress Island
ankKin
= g Eall Winter - Eall Winter - Fall Winter - Eall Winter -
a a a a
actor Spring Spring Spring Spring
Growth + - + + - - - -
Mixing Model - - - - - - - -
Survival - - - - + + - -
Cummulative Yes Mavybe Yes Yes No No No No

* Net pen wastes affected oysters positively, but not mussels

 Mussel experiment repeated another year..... Same results

» Oyster feeding ecology different, less specialized
(“ oysters better at sorting useful and not useful particles”)




Macroinvertebrates Epicureans

Spot prawns only eat fresh food
including their brethren

[ S ——

Metridium senile anemones
mostly eat small zooplankton



How to understand and predict the distribution of beneficial
effects with such complicated circulation and biological factors
in marine waters?

...... Computer simulation is the only alternative

Existing models provide static snapshots, but processes
described here are highly dynamic

12 years ago our GIS modeling team began assembling
software to meet this challenge.

Testing, applying, revising, sharing (but not selling) our
software as we chewed off a giant chunk and wanted to
get it right.



AquaModeI Components
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Physics Rules! (Biology)
* Depositional ~ (<5 cm/s)
* Transitional ~ (5-15 cm/s)
* Erosional ~ (> 15 cm/s)

* To maintain aerobic benthic community:
strong currents throughout water column,
secondarily variable direction of flow for dispersion

* Impossible to predict results without computer simulation

* Industry has used iterative approach in fitting farms to sites:
many examples of inadequate currents and occasionally too
much current, need for reconfiguration, re-sizing, relocation,
closure, fish health problems, DO problems, etc.

e Goal is to link physics and biology in the simulations



Bioenergetics Component of AguaModel

Virtual fish population living in “mass balance” system

Fish eat, grow, swim, metabolize, respire, excrete, egest
Carbon, nitrogen and oxygen stoichiometry for marine waters
Holistic water column + benthic system - interlinked
“Submodels” salmon, striped bass, cobia, moi, sablefish

Constants & rates vary — literature & our own physiology studies

Growth =

RGSplratlon Assimilation - Respiration
- basal ‘

- growth ' Inge"stion

/ -Swimming W Aqqimilation= 4

- Sexual maturation 3
Ingestion x 0.75




Benthic - Pelagic Model Linkages

Simplified particle deposition &
consolidation or transport

Particulate
Organic
Matter

gas diffusive exchange _
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EASy - NearshoreFinal
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Examples of Some AquaModel User Controls

MaricultureMaineFar Options

Mode [Nomal +|  Color |[Anav

Caplure File I RUETPENEREFMRNT  MaricultureMaineFar Options

|Cod

Anay |

Pens | Conditiond

Manual feed rate (fraction fish weight/day)
Optimal feed rate (No=manual Yes=optimal)
Optimal feed wasted (fraction)

Indtial pen oxygen (g/m3)

Initial pen ntrogen (mM/m3)

Fecal/Feed setting rate [cm/s)

Fish growth rate min/max (1/day)

MaricultureMaineFar Options

Mode |Norma| VI Color ||I
Capture File AMaricultureM aineF ar\Captur

[Cod

Pen | ﬂ of g :’
Species

Pen lat/lon/depth (deg,m)

Pen size LA /H [m)

Pen fish weight/density (g.kg/m3)

[ Anay Pens  |__ Condiion

Mode

Capture File | AMaricultureM aineF ar'

Normal - Color

[Cod

1 cd

Array i Pens

Enable benthic model

Aerobic biomass min/max/init (g/m2/tof
Anaerobic biomass min/max/init [g.fmZ:I
Sediment oxygen min/max/init (g/m3)
Sediment CO2 min/max/init (g/m2)
Sediment sulfide min/max/init (moles/m!
Sediment TOC min/max/init (fraction)

v| [3DMode |  FlowData

=1

MaricultureMaineFar Options

Suspended oxygen min/max/init (g/m3
Suspended POC min/max/init (g_C/m3
‘Water POC oxidation rate (1/day)
Fecal/Feed ambient POC deposition (
Fecal/Feed TOC consolidation rate (1/
Fecal/Feed deposition threshold (cm/s
Fecal/Feed erosion threshold [cm/sec)

Fecal/Feed erosion rate constant [g_C

Mode [Nomal | Color ' [Array v| |3DMode  v| FlowData |
MJ AMaricultureM aineF ai\Capture 3D \MaricultureM aineF arD aves
[Cod =l
( Any | Pens | (Conditions | Opewstions | Benthic | Display |
Enable oxygen model Yes -
Enable plankton model Yes v
Surface temperature win/sum (degC) | j | :,J
Bottom temperature win/sum (degC) [ = 3
Ave daiy imadiance win/sum (moles/m2/day) | = =
Mixed layer depth win/sum (m) [ =] =
Nominal wind speed win/sum (m/sec) | ) 1
Diffusion Kh/KvMixed/KvStrat (m2/sec) o0 4 fooor & [oooo
Tidal flow period (hs) 200 4
Max current velocity (cm/sec) [7:’
Oxygen min/max/amb (g/m3) [s000 = (2000 2 | =
Nitrogen min/max/amb (mM/m3) oo = [ooo = | =
Phytoplankton min/max/amb (mM/m3) [oooo <+ [3200 2 | =
Zooplanklon min/max/amb (mM/m3) oooo =+ o 4 | =
Plankton ambient MLD temp irradiance [oso0 =] [19300 < [eeo00 =
Plankion ambient nitogen PN ZoN (mM/m3)  [2700 =] [oso0 =+ [osa0 -
Plankton plume MLD temp.inadiance 5300 =+ [as500 = [54000
Plankton plume nittogen PhN.ZoN (mM/m3)  [2800 <] [3400 | [1730 4
Apply ok Cancel




w, Flow Field Options B

—Ambient Files
C:\E asy\MaricultureMaine\GOM _Hourly TidePlusl PVel.xls
Add I C:A\EasySMaricultureM aineh\GOM_Daily_Irradiance.xls
R C:AE asy‘\MaricultureM aine\GOM_Weekly_ambientZoo.xls
emove
Up
Down
Current Direction (11,25,47) i‘
Current Velocity [11,25,47)
Residual Direction [11,25,47)
Residual Velocity (11,25,47) ﬂ
— Bathymetry
Category  [EzBathymetry ~|
Image IE zBathymetry EI
Orientation IEIevation ZI
Bottom [Bathymetry File ~|
Preprocess Bathymetry Data

File I C:\E asy\MaricultureM aine\B athymetrprrayFile

Process |

~ Flow Field

~Imagery—

DepthLayer [T —f of [ —
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Modeling and Data Collection Site
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AguaModel 2D - 3 Depth Near Field
Single Farm Simulation
Gulf of Maine: University of New Hampshire OOA Site
12 Large (75m Dia) Cages Each
Hourly current meter and water quality data inputs
Total 18 Month Production 12,000 MT
Over the top large to test site capacity!
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Circulation Tidal Model: AquaModel Far Field
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Example Offshore Current Rose

(current and direction vectors)

First 6




AguaModel 3-D Far Field Multiple Farm Simulation
Gulf of Maine: University of New Hampshire OOA Site
Eight Farms of 12 Large (75m Dia) Cages Each
Total 18 Month Production 95,000 MT

Way Over the Top Large to Evaluate
Massive Offshore Development Effects
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Hubbs SeaWorld Research Institute: Offshore Farm Site 91 m
depth 21 cm/s mean velocity 5000MT Striped Bass
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Example of Nitrogen and Oxygen Depletion Plume Validation
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Environmental Impacts of Open-Ocean Aquaculture

Source: Ocean Conservancy

Fish Meal &
Fish Qil

Drugs &
Chemicals

When used, antibiotics,
parasiticides, and other
chemicals flow out of pens
and can affect wild fish as
well as the broader marine
ecosystem.

Using wild-caught fish to
feed farmed fish puts
additional pressure on
these populations and can
impact other wildlife that
depends on them for food.

Diseases &
Parasites

H Di , pathogens, and p
Escaped Fish can multiply in crowded pens and
Escaped fish compete for food rapidly spread to wild fish.

and habitat, transmit diseases,



Environmentally Responsible Aquaculture
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