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- Overview

* Shellfish farming

* Ecological interactions

« Water quality challenges

* Ocean acidification

* National Shellfish Initiative




“Some people climb mountains;
| walk mudflats”
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SHELLFISH GROWERS A

Partners with Mother Nature

Estimated 2009 West Coast

Cultured Shellfish Production

U A UL U
27,669 M/T 4,309 M/T 1,247 M/T 748 M/T 33,974 M/T
$57.75 million [$19.55 million |$3.16 million |$20.1 million [|$100.56 million
4,205 M/T 34 M/T 46 M/T 4,684 M/T
= — p— No record —
$12.36 million [$0.83 million [$0.95 million $14.14 million
1,080 M/T 1,080 M/T
_/_ No record No record No record /
$2.25 million $2.25 million
94 M/T 3.6 M/T 0.9 M/T 98 M/T
= No record
$0.44 million [$24,841 $6,610 $473,232
33,048 M/T 4,658 M/T 1,391 M/T 748 M/T 39,845 M/T N
, _-72,806,242 $20,404,841 |[$4,114,110 $20,100,000 \m7,425,193
83 11.7 3.5 1.8
62 17.4 S35, 17.1
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Passed by Washington State
legislature to encourage
development of aguaculture
Industry to replenish stocks being
depleted by fishery

Allowed for purchase of tidelands
specifically for purpose of growing
oysters
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| Oyster Areas in Willapa Bay
including Reserves

‘ 2006 Data courtesy Pacific County.
Blocks appearing solid are areas of dense bed parcels
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 Significant rural employer

 New money into rural economies

» Most shellfish produced is sold outside region in
which it is produced

 Much of the shellfish is sold outside the state and
more all of the time, outside of the country




v'Largest private
employer in Pacific
county

v'$10 M annual payroll

v'600 directly or indirectly
employed

v'$32M 2001 gross sales
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v'2nd largest private
employer in Mason
county

v'$17.7 M estimated
annual payroll

v'625 directly or indirectly
employed

v'$32.2 M 2001 gross
sales
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Western Washihton’s Native American
culture includes shellfish

“Shellfish are central to the
culture of tribes in Western
Washington. Healthy shellfish
populations and a strong
shellfish industry mean a
healthy Puget Sound.
Shellfish also help keep Puget
Sound’s waters clean. They
have an important place in the
Sound’s ecosystem.”
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e Crassostrea gigas
e Commercial planting initiated around 1921

e _Dominant species cultured today on the
West Coast of the United States
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First recorded import (1904)

Receipt provided to Leonard D. Pike (Mary
Hopley’s grandfather) for oysters which he
went to Japan to procure and have shipped to
Washington for planting in East Sound on
Orcas Island.
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Receipt
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93.10 (Japanese yen)

éw \
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We have received the above amount as
an initial payment (down payment) for
105 bamboo baskets of live oysters. The
total amount is 186.20 yen.
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The oysters will be shipped on 10th by
Iyo-Maru (name of ship) February 2,
1904 from Yokohama, Japan.
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Gaisinsha (name of company)
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Pacific oyster seed imported
annually from Japan
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' Molluscan shellflsh Ilfe cycle

Microscopic planktonic larvae
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' Hatchery seed production
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High denS|ty flow- through
' Iarvae culture
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'Selective breeding program
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YIELDS OF MBP FAMILIES COMPARED
WITH THAT OF NON-SELECTED CONTROLS

o g SELECTED BROODSTOCK

MBP cohorts
FAMILIES 4th generation
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i Oyster culture
clusters for shucked meat)
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> Planting oyster seed
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~ “cluster”

J

oyster culture

3-4 years to
maturity
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~ “cluster” oyster culture
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‘cluster” oyster harvest
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,‘.@9 hectares
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Rows of Manila clams
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Mechanical clam harvesting
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The GEODUCK (Panope Generoso)
S I X y ‘ 3 a rS e Native of Puget Sound, often reaches great

size. Geoduck hunting is a very popular
" . Sport in the neighborhood of

Tewe. é.‘
: - . %" HOOD CANAL—WASHINGTON |




‘geoduck tubes = habitat
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Mussel Culture
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Ecologial value of
shellfish

« Ecological services provided by shellfish

v Nutrient removal

v'"Water filtration improves water clarity

_ Improving light penetration for eelgrass
- jlotosynthesis and reducing fouling on
e elgrass blades

=== Enhance nutrients available to eelgrass
_-bltat and refuge for variety of species




Shellfish absent from system

Nitrogen Phosphorus

et i S
S ‘.,.. e ,,

Lor @0 u ,,,'F_,’ .,. ";"0
) Increase in ﬁ d;, Xl o -'i_ -',«.j .
Phytoplankton ﬁ/ i elocmp o
LI . "._:‘\ "v':.":t‘ &
4@¢;Mﬁ
o Dle off "
\\-\ .‘ -E-:L..
Loss Qf Shading e
Spawning of SAV
Jand Nursery
r
Grounds Surface Growth }_[igf;tgfi

on Leaves




Shellfish present in system

Nitrogen Phosphorus
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.. Two four liter aguariums

* 300,000 cells of algae per ml

: .+ 60 clams in one, none in the other
M~ 28 minutes compressed into 15 seconds

Z e Note there are an estimated half billion cultured

S in Washington State
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Dissolved Oxygen in South Puget Sound and Hood Canal
Water Quality Assessment
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® Waters that do not meet clean water standards for dissolved oxygen

Waters with dissolved oxygen concerns
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© How to revive the Chesapeake Bay

Filter it with hillions
and billions of oysters

% . - o .
Eastern oysters are experts at sucking up the algae and silt that plague the Chesapeake.

ped stabilize

tors—including an-
sparse underwater
! \ gr evels of dissolved oxy-
. ey ditional cleanup

€ kept up with the

\ "~ - . growing hu-
TS —— o c | n luding pfies-

A ey ? } teria p 1s, nitrogen,

k= N N d 1 ood into the

; 3 sses but from

anup clearly

of scientists and
0ost could come
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1998 63

* Pre-exploitation the
oysters in Chesapeake
Bay could filter all the
water in the bay in 3 to
5 days

« today with less than 1%
of the historic oyster
volumes it takes a year!
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€he New JJork Times ]
Sunday,Ja‘Illluary 13, 2008 New YOI'k and Reglon

WORLD | U.8. |N.Y./REGION BUSINESS TECHNOLOGY SCIENCE | HEALTH | SPORTS OPINION

4 ’ Making Up Their Beds and Hoping the Oysters Will
T Move In
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Swedish model

Odd Lindahl, Rob Hart, Bodil Hernroth, Sven Kollberg, Lars-Ove Loo, Lars Olrog, Ann-Sofi Rehnstam-Holm,

Jonny Svensson, Susanne Svensson and Ulf Syversen

Improving Marine Water Quality by
Mussel Farming: A Profitable Solution

for Swedish Society

Eutrophication of coastal waters is a serious environmen-
tal problem with high costs for society globally. In east-
em Skagerrak, reductions in eutrophication are planned
through reduction of nitrogen inputs, but it is unclear how
this can be achieved. One possible method is the culti-
vation of filter-feeding organisms, such as blue mussels,
which remove nitrogen while generating seafood, fodder
and agricultural fertilizer, thus recycling nutrients from sea
to land. The expected effect of mussel farming on nitrogen
cycling was modeled for the Gullmar Fjord on the Swedish
west coast and it is shown that the net transport of nitrogen
(sum of dissolved and particulate) at the fjord mouth was
reduced by 20%. Existing commercial mussel farms al-
ready perform this service for free, but the benefits to soci-
ety could be far greater. We suggest that rather than paying
mussel farmers for their work that nutrient trading systems
are introduced to improve coastal waters. In this context
an alternative to nitrogen reduction in the sewage treat-
ment plant in Lysekil community through mussel farming is
presented. Accumulation of bio-toxins has been identified
as the largest impediment to further expansion of commer-
cial mussel farming in Sweden, but the problem seems to
be manageable through new techniques and management
strategies. On the basis of existing and potential regulations
and payments, possible win-win solutions are suggested.

INTRODUCTION

Eutrophication of coastal waters, which causes increased pri-
mary production and often leads to hypoxia. is a serious en-
vironmental problem in many places worldwide (1. 2). In the
NE Atlantic region. i.e. the Skagerrak coastal waters (Fig. 1).
cutrophication threatens fish production. and marine biodiver-
sity (3. 4). The international goal of reducing nitrogen and
phosphorus from anthropogenic. land-based sources to the
oa by 50% between 1985 : 2005 nh Sea : SPA

NORWAY
SWEDEN
Gullmar Fjord
Skagerrak st
Kattegat
DENMARK

Figure 1. Map showing Swedish Skagerrak coast.

1950s to the 1980s. During the last decades. nitrogen inputs
have been consistent, but phosphorous inputs have exhibited a
slight decrease (4)

Of the total anthropogenic waterborne supply of nitrogen
to the Swedish Skagerrak waters. roughly 20% or 2200 tonnes
come from point sources like municipal wastewater and in-
dustries, and the rest, about 8500 tonnes. from diffuse sources
like agriculture (6). The most obvious measures for reducing
nutrient loads. such as upgrading large water-treatment plants
to comply with EU regulations and reducing emissions from
large industries. have now been implemented, but with insuf-
ficient effect on the overall situation (4). Other measures. such
as changes in agricultural practices and the restoration of wet-
Jands. have also been implemented. but again with insufficient

——




&  Pollution ea’rc ean® &8
\ S

& yaway at ‘;e:;‘ex Sout -

‘ !
‘ e s e stepg o m- By in
\o 3 al .f{ or 4 g n’.l,:‘.’,,:: ok :nl((‘ll., ,,,’" wdl war
2 ‘ : B ictng o s e i
<7 l be’"w nate W Gt gy 10
1 \ ‘n.mu.‘.,‘l"'nm.\v"_ .: |
o ontam e g o e, |
2 ; C & g % l‘“-[\‘/I”“‘/:‘An;lhtl," helfish

’”’\ * Who g

0% o8 P ) S
e ; P < P (E — % cow® Yo |
L o v OHN DODGE chairwor e * en 3t
¥ 12 um o
\ s }\gﬁﬁ’%‘“&l OLYMPIAN Sound Act gece s of © o
\,o\wg"“;sﬂ\'::;e\;‘\‘d ‘:“ e spearheade v _ au
e b ot E
‘:“‘*‘\x“;\";‘.‘gﬁn\:ﬁ‘{ﬁ““&i“?\ /« E — Some 60 The soun “\\m \‘“.4_\-} L
\(3‘&;«»@\“;&<\-‘;:¢ 2 *  yget Sound’s many and o u\:\“ -;\\“*‘(‘:;“\5
( A S \ ;
’ 52\2\‘\““‘«0;;‘:&“\““;“““ % . -ial shellfish  liott Norse, a " w“\":‘g
e °§§wv¢s «""_ ve showing gist who four md‘m.\\
3 S g &\ .
4 & *‘i&“‘i\\\‘\»\“&\%\;‘:\“ﬁc‘ v ' contami- mond-based W m\‘t’c\\ = %
A @0, < oM 3 7
(o S S X of \c‘@p ‘“ﬁi«c*\-‘\:@;i&-“ < o ‘};“ «cett  datapre- ConservationE 905““:‘ s e \JL; oxic B ont™ e
e o NE (O A TS ot o™ o o S \t O & 4! h e a0 7
LA A 2 e ey el e ““«“W\“:\w e ~‘;:\ca_ he 2001 tute. “There’s t B~ est¥ gecsd® ;\LM\ 0 5
L L Q| et 3 00TA A (e \x\“ w““ m‘* 2 ~ ‘c\e““‘ 4 808 g ous *
Ll 0P N Mot g hCon- us, we consume SO il e ° gese! \‘:\\ “:o\\ m\x/ﬂ/c? //
‘ . 5 acres % e WO ¢ oSt qnat’s a
and we don’t va “w‘ 0\\9\“““ :\%\“,‘\\? - e o0
1areSs, o““‘ ex S
\‘; coV
\u%

1(‘0-’.".
g




Is the Pacific

Ocean’s chemistry
killing sea life?
Seattle Times
6/14/2009
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WIND STRESS VECTOR
EKMAN TRANSPORT VECTOR
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pH & aragonite saturation

= St. George, CA.
summer 2007
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WHISKEY CREEK HATCHERY
5 JUNE - SEPTEMBER

2005 2006 2007 2008 2009 2010
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c TAYLOR HATCHERY
ANNUAL PRODUCTION
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— Panic/adaptation
Taylor Shellfish - ramped up
research and monitoring at
Dabob Bay Hatchery

Expanded larvae production
capacity at Kona, Hawaii
hatchery to offset Dabob
production set backs.




£

! Taylor
yShellfish

"« Put small larvae into
tanks filled in the
afternoon or overnight

— Works if the sun is out

24 hour notice-
Upwelling takes a day or

two to start up, so when
winds from the North,
fill tanks late in the day
and spawn like crazy

3.80

3.60

3.40

3.20

3.00

7.80

7.60

SPAWN!

July 21-31

7f27 7/28 7f29 7/30 7 81

DON'T SPAWN!
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What we don’t know

-What characteristics of upwelled water are
harmful? (e.g. pH, PCOZ2, DIC, DOM,
reduced compounds or a combination of
these factors)

f é% - How does upwelling affect vibrio tubiashii?
il

A y

%\f@'?/ -« How can hatcheries best address the long-

.. term p roblems
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Canary in the mineshaft?

“Miners would try to
alert themselves to

' 3! ldangerous levels of
../ 1carbon dioxide in a mine
| shaft by bringing a

. & ' caged canary with them
., as they worked. The

92 B / canary would inevitably
~— die before CO, reached
R Ievels toxic to people.” T iR

Serinus canaria domestica
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National Shellfish Initiative
Opportunity?

if‘“""‘*x NATIONAL OCEANIC AND
E‘H_@ ATMOSPHERIC ADMINISTRATION
ﬁ‘*«.“._“ UNITED STATES DEFARTMENT OF COMMERCE

» About NOAA  » Contacts  »» 5taff Directory  ** Help » SEARCH

’Lm Commerce and NOAA release national aquaculture policies to
1Ty, - - - - -
increase domestic seafood production, create sustainable jobs,
and restore marine habitats
»» NOAA Organizations

........... June 9, 2011

e The Department of Commerce and MOAA today
released national sustainable marine

» NOAA In Your State aquaculture policies to meetthe growing
| » Eme Information demand for healt.h.\,r seafood, to cregte jobsin
for NOAA Em = coastal communities, and restore vital

ecosystems. Foreign agquaculture accounts for

about half of the 84 percent of seafood imported

by the U.S., contributing to the $9 billion trade

» Aguaculture image gallery deficit in seafood.

» Department of Commerce *0ur current trade deficit in seafood is
w approximately $9 billion,” Commerce Secretary
Aauacuilure Policies Gary Locke said. “Encouraging and developing

Media Contact the U.5. aguaculture industry will resultin

» Chriztine Patrick economic growth and create jobs at home,
301-713-237 support exports to global markets, and spur new

innovations in technology to support the industry.”

Related Links

Share “Sustainable domestic aquaculture can help us
meet the increasing demand for seafood and
create jobs in our coastal communities,” said
Jane Lubchenco, Ph.D., under secretary of
commerce for oceans and atmosphere and

Email

= Print







