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yas a key year in United States
' sa Lg on ha‘rchery in the US, in Maine
Jff@ =ess funded shore-based marine finfish
| -..FT

— - ‘Cod haddock, pollock, flounder were produced

= -;—: = Eggs and yolk-sac fry were stocked in an effort fo
-~ replenish diminished fish stocks
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ressipassed the Mitchell act,
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For 'r JJ ’r' and salmon runs lost to federal

Waier projects within the Columbia River
“bas __;mamly hydro electric dams)

= = Supports 25 major salmon hatcheries

——  —> 70 million smolts annually

— —50-70% of all adults in coastal fisheries
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:mphcs S fora century was on magnitude of
ANCHe / roduc’rlon
ENACr /0 years of stocking, no signs of
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= -GST'IJ s‘rocklng only newly hatched fry when
= Woods Hole (1949) and Gloucester (1953)
“haticheries closed
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gVSICOlgress passed The Anadromous Fish
Acr e s |

SWIGSTY chsed oh increasing sports fishing
EPOTET inity
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‘f;. f hT.ederal State, Industry & NGO
— support of US Pacific salmon fisheries

-~ —US$% 270 million commercial fishery
— And large sport fisheries
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~ Program ~ $8 M
* Salmon Hatchery
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US-Canada Pacific
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fish restoration tax
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eI, éFf pon)  spotted seatrout
C'= the * New Hampshire - winter
flounder
ot * North Carolina - summer
.,, Sl dcr _red drum, flounder
= .smek red snapper, * South Carolina - red
— sccﬂlops sturgeon .
drum, cobia
* Hawaii - mullet, moi, red =
snapper ° V|r'9m|a - blue crab
* Maryland - blue crab * Washington - lingcod
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| # Ultur_e-d Marine Fish Survive
and Grow in the Wild D

= : # Hatchery Releases Increase
“|Rele s Increase cish brodict
= "-;{Abundance Ishery Production :

# Cultured Fish Do Not

Displace Wild Individuals
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- R 4 'ﬂ’regnes effectiveness & efficiency
’ on and community dynamics
= ;zﬂa’red fiishing-effort dynamics

= Chst effectiveness

._ -

J" -wSus‘ramable replenishment versus dependency on
—_- s’rockmg
- * Areyields achieved greater than ¥ields from the
alternatives: regulations & habitat management
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__; zientific debate”
C

____aTed for decades the ethical use of
iUre in fisheries management:

e discussion has moved to the broader
.- ’e" - f forum - the environmental community

== s}\ery management: is undergoing dramatic

= evolution as fish population dynamics becomes

|.1 O (\ n

— beTTer understood

—
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'Useloff culturedispecies' has changed in the
nse o) evolving public fishery policy -
iary: principal
Hishery management” would have natural
ns with native biota & optimal biodiversity:;
lifiical” climate among policy makers has move
= Jowards fthe greener side
— * End result will be a sound public ]Eolicy that captures
~— the social & economic benefits of renewable common
property fishery resources
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'n nologies: coded wire tags, passive
umn (Eonders elastomer tags,
li¥emp. & genetic tags, hydro-acoustics,
e advances

==Jes" hancemenT impact and effectiveness
= Wi eiease experiments

= "Iﬂtr'easmg focus on sTudY of interactions
- beftween hatchery and wild stocks

* Genetic stock ID studies
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geiiong n Jovement: fowards active adaptive
fletpel J/ enT (Hilborn & Walters)

2 % 10} s_new flocus on advancing the science
g zr lying stocking effects

= Dramatic increase in scientific publications
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> Danizlgde, | _ell & Moksness, 1994

,;u E.JET f*e & Fisheries Management 25 (Suppl 1)

lPlper' 1995

Symposium 15" Uses & Effects of Cultured Fishes...

—— N U'Hi'”oé & . Bell, 1997
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e

f"'.'_‘t‘*"' 'Reviews:in Fisheries Science 5(2)"

——

* Coleman, Travis & Thistle, 1998
“Bulletin of Marine Science 62(2)" Mote Symp. Fishery Ecology
> Howell, Moksness & Svasand, 1999
“Stock Enhancement & Sea Ranching, Blackwell Science”
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Symposia and other'S: c Enhag,

SINGRWaYA== ISt international J/ff SOSIUMNNE
ergen, 1997

J ey == ~.__"t|’rer' Symp. in S/E & S/R Kobe City, 2002

Jagel Szl e mlng Associafion -- (see overview by Honma, 1994)

et or)scm quacul’rure Society

rJ_J _;_e;s ‘& Aguaculture Interactions Symposia (1993; 2000)

= .:-_A_q_uacul‘rure Society
— "ﬁteﬁﬁ‘a’rional Working Group on Stock Enhancement (formed in

—

-~ Torremolinos, 1993) - plan annual symposia at WAS conferences
* Norway, Institute of Marine Research
Stock Enhancement & Sea Ranching Homepage http://www.efan.no/was

* US - Japan Cooperative Program in Natural Resources (UJNR) Aquaculture
Panel - annual symposia
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- J/\//J 0P Sp JCleS ManagemenT Plan:
Peladhii42 Specues fior Enhancementt:
—~ 2, £d¢q fy:Harvest & Genetic Objectives

2DEvelop Sound Enhancement Strategy:
- ' “Define Quantitative Measures of Success
—= se Gene‘rlc Resource Management o Prevent Inbreeding

== 5. Use Disease and Health Management
e 5 Consider Ecological, Biological & Life-History Patterns
TS — /. Identify Hatchery Fish & Assess Stocking Impact

- — 8. Use Experiments to Identify Optimum Release Protocols
— 9. Tdentify Economic & Policy Guidelines
— 10/ Use Adaptive Management

(* Blankenship & Leber, 1995)
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> Top oldeins Jore rapid development of a
Sieerice of T shernes ennancement

— redlcfable controlled results

— izl ﬂlua’ruons of genetic effects

= éZ effec’rnve stocking strategies

= Under‘s’rand and control interactions of hatchery and
___,j._- wuld stocks
* Competitive interactions
* Predation and cannibalism
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DEVEIOpIgRIieory-in the t ging, Science of Stiock Enhancement:

BEOKEGINg arenar fneory (Walfers'é

e da <INCH /t '93,99,01, CTFAS, RFB&F)
| fl¢ l_q'x;c ‘availability is not what it seems

's fL;iE’ ndance strongly controlled by food availability,
=PI 2dation and refuge

-_;—__3 — H y’qﬁo‘Fhesuzes that unless spawning stocks are severely over
:“—'-- ished, juvenile abundance is not recruitment limited

= - Gompe’rmon over food is important even at low densities
— Survival is density dependent at low densities

— Increasing juvenile density has high likelihood of increasing
mortality - as juveniles search for food
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» Grazed, Lo Fry
+  Grazed, Hi Fry
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Yearling Density (fish/ha)

~ Growth and/or foraging time responses imply
predation risk proportional to density, resulting in
Beverton-Holt recruitment pattern.
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Impact of Age 1 Abundance on Age O juveniles
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SIS rur/_- or effec’rlve regula'rlons
INSCERNOEIL ised, temporarily, to accelerate rebuilding
wilel Sirgess suffermg from over fishing or habitat

ch_gc &, provided these problems are effectively
—ad dressed

= ~'Mﬂrme ‘enhancement can be used to create fisheries
~ where habitat constraints prevent wild recruitment -
if no harm to wild stocks
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— A3z a' T of survivallof enhanced fish
‘ Het contribution fo fishery harvests

i T of impact on survival and net fishery
CONI] ‘e‘E ion of any wild stock impacted

.|—-J_ i

| "y /.competition or predation due to stocked fish

= ; s?eésﬁwen’r of changes in fishing mortality rates, on
_,;_.”—'..':ro’rh wild & stocked fish

~ - Caused by unregulated responses of fishing effort fo the
presence of enhanced fish

..r
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\//r’\/ midrfine ennancemenis program should be
Weayed as féf. ‘adaptive-management experiment
f/f/[)f///:t anagemem‘ monitoring shall be treated as
d Jong; 2 cost component of enhancement

- -m\ estment -- to be capable of detecting responses,
= feTfsTock impacts, and performance of enhanced
— f‘:ﬁ populations over multiple fish generations
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— [f) e} Jﬂnglng ecosystem, what is The target?
SHiopp )ing or reversing succession?

-m agihg sport-fishing opportunity
= | ies in the middle of the production-biodiversity

-—--_.-l-——

—_

~~  gradient

~ — Must balance fishing effort, habitat restoration
& stocking strategies
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WeRAVEENEI~ fish abundance / fishing effort:

Sipancrease fishiabundance and you bring out the
oS (Ie., increase fishing effort)

Ssie US, we are just learning we can's

Spicirease CPUE as a goal of enhancement

I

—
e

= Without managing fishing effort
-~ = Thus, for the USA, the target of enhancement
- isito increase fishing opportunity and total

catch, not CPUE
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lliecne fa for that fisheries managers have
112 J2¢ ;on’rrol over is habitat

ci I g effectiveness is critically dependent
on habitat availability & quality

é.r'r?te of the most important uncertainties about

—

~ stocking impact can be addressed by research

i

= -' = ’rha‘r combines habitat manipulations with density
manipulations
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Dzps '/f/o Jf Ire kea’ e d. Shapper e Cap
r {4 Days

Total Rubble
—=— Total Oyster
—— Total Pyramid
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O 1 7 14 36 56 68 90 118 146 168 200
Days Following Release
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SNEHEAUS) we cannoiia; e«- miss the opportunity
TfU:J fﬂOfﬂ/ﬁf Jfl mea’ ( PASUS

For Wz ddieiiel Turnmg point in the history of
[iBMEIEs Imanagement; where we must decude either
'ro WalkIaway. fizom spending more on ambiguous
Sllifs orimalke the shift clear] needed 0 “active
rsdqr)rw eimanagement”, which will give us the science
=anain Pma’ruon we need to use stock enhancement

._J

:;-n- Wwise

— 0Jijg fisher'les community must rise to the challenge
~  before us - to develop a reliable, effective,
- environmentally responsible stock enhancement and
sea ranching technology.
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