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a the human populatlon IS

d to reach 9,200 million, which is
estlmates of the maximum

,,___-- ATy mg capacity of the planet.
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=72 fundamental guestion for science is

~ whether it is possible to increase food
production enough to feed a human
population of that magnitude
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= 50%to 70% to feed the

~ population expected by
2050 (but cannot)
-« Yet crop area fell from

510 .25 ha per capita
from 1960 to 2000

sThesetrends showitis =
s— elyihat-wﬁc?

ithih he next 3 decades

) support the human
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at population levels below
currently proposed
estimates.
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Presenter
Presentation Notes
Aquaculture production will have to increase several fold over the next 25 years simply to meet the growing demand for seafood.  Over two thirds of the world’s oceanic fisheries are either fully or over exploited at this time.  
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Seliing fisheries yield can be reversed by a
SEROIFPOIICY actions:
{gJch:h fishing effort

—;ln catches and consumption to small pelagics
== : —1\7Iajc')r expansion of marine reserves

.-—-:_.,l-——-

- — Incentives for sustainable fishing habits

K Such policies may allow catches to remain
Sustainable or even recover some
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SRIIRCOeNast, aguaculture
PIOUUCHBNR Aas been
eplingreach decade and
ru prowdes 40% of
qHatlc food products
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ThIS 9%6/yr growth far
“exceeds growth in land-

pased food production
(2%/yr)
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Duarte et al., 2009. BioScience 59:967-976



Mar]

SWASHIEShNater aguaculture
SEIGIEasingly constrained,
SPEGER&Aaer availability

Yy _|kely drive aguaculture
';{'_‘_'grthh towards mariculture
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— in the long term

s [AO forecasts mariculture
will produce 54 to 70
million metric tons by 2020 .
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Duarte et al., 2009. BioScience 59:967-976



Triere are SorpesVromele)iifeIalee<s:
Food, Soacd el FERAVIFITITIStal

Hazarcds MiUst o2 Ovarcorre
SRV ENiImmpossible yield of R .
isimeal Wil cap mariculture T e
pIodUcton at 450 to 500 wor |
illienrtons/yr by 2040

=S And agriculture substitutes

=
i L R—

Closed production
cycle, dominated by
800 algae and herbivores

600

Production
(metric tons per year)

— Fishmeal and fish oil exhausted

= Will"already have space and
- water constraints

s- Aguaculture must close the
preduction:cycle as agricul.

£

200 FAO forecast

did in the 20" Century 0 1% w0 20 2

Duarte et al., 2009. BioScience 59:967-976
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Trophic Eava) P odycacl gy
ISRORAUTTIES AS ML —— |
orlnlery proe et|V|ty is
ICYUITED 10 & chieve the

SEiE el zs in 1 trophic See &
Jr‘vé_]_e @Wd : |

-g.-..w a |eT;ﬂture IS NOW. at a

*’““ﬁﬂean trophic level of

=i 898, well below 3.2 of
capture fisheries, but
above the 1.03 for <
agriculture & livestock Duarte et al., 2009. BioScience 59:967-976
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: Pond and Tank
Systems






Aguactiture Res

AL
to develop innovative,
and cost-effective
methods to produce
aquatic species for
food, and for fisheries
and habitat restoration
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Evaluating the Effect
of Larval Diets on
Growth & Survival
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Integrating AcjueicUlfEys
Agriculture (eSS WAl L
Eeining 10-15°%6 Usingplants):

P0IEEING Up Wastewater & producing
gatic plants for habitat restoration
e
> Additional income stream for
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ulture & aguaculture industries
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11-800-266-1272

'www.Ac'JuaticPIéntsofFIbrida.cdgg 11:52;;,4




Inlane Mearine Aqua;ultu fa Filtration
pliechanically filteri& reuse 10096°0f water)

“' rum screen)
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Wastewater
treatment system

» Accommodate small
(—1”) & later larger
(— 9”) juvenile
marine fish
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st be prepared to face major social changes required
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e"_'ci'cinnot depend on other countries to supply our protein in the US
more seafood 1 trophic level lower in the food chain

nd move at the “Speed of Need” to develop mariculture responsibly in the US

.- -
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a our grandchildren are facing food shortages in their lifetime

allel actions are needed to restore declining fisheries yields
_-,_-l—'»-';é{_-'f_e;:i;r for sustainability through catch shares and limited entry

?5 it fishing the top of the food web

= » Allocation of space to Marine Protected Areas, as we did our National Parks

=
— L e =

— __» Develop responsible marine stock enhancement capability to restore depleted stocks

# [hese changes depend on social and political
leadership, informed by the best available independent
scientific knowledge
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nhancement and conservation
neries were partially enabled by

_ ulture in the 20t century, but their
-=.=,-'= t|al was retarded by the absence of
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fisheries science in their conduct

| iFmalIy, this field is progressing in the
215t century, but needs to be much more
fully developed.
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e top travel destlnatlon In the

—_—

“'Il_l'on visitors per year with a $57
— Dilli n annual impact on the state
r'@onomy

& tUnlversny Research = $500 million / yr
#Space Industry = $4.5 Billion / yr
#Florida Sportfishing = ??? / yr
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1g = $7.5 Billion / yr !
sportflshmg alone =$5.1 B /yr
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ave 2 ,/67,000 anglers in Florida

_ = %F orlda has 2,002,000 Saltwater anglers
—j-_f’—‘if:; -"-; #* 650,000 of those fish freshwater, too

# 885,000 are from out of state

e — —

#Anglers fish 46,311,000 angler-days / yr
#24 512,000 days in saltwater



opulatlon will Continue to Increase

ECONDMIC YEARBOOK 2009

Map: Fla. Population Growth by County

This is a Flash map. To Zoom Ik, right click (on a PCY, or contral-click (on a Mac.)

FLORIDA
Population Growth

Projected Increase
2009-2013
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# 37,000,000 _i] o5
by the time my

grandson (now 1)

retires (at 67)

TDy.2020 (-12%
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e\ e sustaln flsherles and
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W is fish abun'dance mamtamed’?

Yy managers control total catch by

fishing effort with regulations --
)hal closures, size and catch

|ons number of angler licenses (and

ntlves -- catch shares).
_..'_:?’-f"'f“_-

*Frshery managers could protect & restore
essential fish habitat (increasingly - MPAS)

#Fishery managers could increase the

number of new young fish (recruits) by
stocking hatchery-reared fish
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Si :e_/ Withiseontextior Fishe ':ﬂ diaoement
Ol ZESSPECI ESHOTFENTIE

g \VgKe J 3 cklng Plan that Flts With & Helps Achieve the Goals of the
FSHETyAVianagement Plan; andildentify the Expectations

Develggy JJJrJJ“ =nhancement Strategy:

3, Dfins el antltat|ve Measures of Success

Z5 J3-'? "'@"ﬁEtIC Resource Mgmt. to Prevent Deleterious Effects
=58Jse Disease and Health Management

-

'*i;;—-i_'—.. —nn’élder-EcologlcaI Biological, & Life-History Patterns
= _""7— ldentlfy Hatchery Fish & Assess Stocking Effects
8. Use an Empirical Process to Define Optimal Release Strategies

9. Ildentify Economic & Policy Guidelines (with greater stakeholder
= involvement in planning and guiding SE programs)

10. Integrate Adaptive Management
(* Blankenship & Leber, 1995)

PDF is online at StockEnhancement.org/science/publications.html
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e Ur)r a2itec] “Re ponsmle.Approach @V alRES
[OCKIERNNANCEER

SiclUENMIMiciAppraisal & (,3‘0%_ -
1. Analyze the fisnsry sysici o Su—

— e

Engage stakeholders & develop 2 rigorous & zccouniznle ¢ et* S on-rr 2lCiney proce

Quaniitaiively assess fishery & ihe poizniizl coniriouiion ¢ TCEEN L el VESTIS
habitai GENEGENIE i {0 fisnSfies M st oz

Prioritizs ziple) S5e et:t target species and stocks for enhancement

Defifs :_,unn_,m_,gu system designs suitable for the fishery & management
Jstcll‘IsS -
SSESS g‘&pe ic and social benefits and costs of enhancement

. /—*L)f € Ctn/e msttutional arrangements

Sicly '?‘:25:-. eseal Gh & Technology Development & Pilot Studies

=5 =T _A_qp‘approprlate nusbandry systems

;L.gl_ fse*genetlc resource management to avoid deleterious genetic effects
“__'1: ~ Usedisease and health management

Ensure_that released hatchery fish can be identified

- 12. Use an empirical process for defining optimal release strategies
Stage 3: Operational Implementation & Adaptive Management
13. Define quantitative measures of success
14. Assess ecological impacts
15. Use adaptive management to resolve critical uncertainties

(* Lorenzen, Leber and Blankenship, 2010)

i
= e




1400000 —
Target: 0.4 unexploited spawner biomass

1200000 -

1000000 -

800000 -
Directly stocked hatchery type

600000 -

400000 -

—~
o
Y4
<
7
®
S
2
o]
—
()
=
©
o
0p)

Naturally recruited hatchery-wild type
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-Minimize domestication
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Presentation Notes
Our current research goals are focused around developing the techniques to increase larval and fingerling survival in the hatchery
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- #Avoid inbreeding and outbreeding depression
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RESl e o Pilot Studies to W
S Release Protocol “‘"
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"Release Habitat
SURVIVAL IS

HIGHLY - Size-at-Release
DEPENDENT UPON R
= RELEASE
STRATEGIES Release Season
- Interactive Effects
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£ 9 Released snook from acclimation pens

e T -
= & also Stocked non-acclimated snook
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Replicated this experiment 3 times
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RECOYNIZE Pr olv mn,_En Jancement”
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Siicne ;]l-r 1t clic i) OMyA
= Management
Plan \
= __ = :_-P;r:('-)#du' Shion “Adaptive” = _ Impact
j::&.:g e Stocking Assessment o
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Res on_3|ble Approach U

FVENIEVE provided a sa%ﬂssues that need to 0)=
seldrgssael i SnEliiesisis i gl ayse

rererar esponsibly’

4 THE | sponS|bIe approach differs from its

pree ,m-‘. SOl IN that It takes a broad systems view of
SriflE iIcements and accords equal weight to the
= mlcs of:their biological and human components

Bt =
-—-—-q-—..- ———

o

—= = t_requwes an integrated, quantitative and participatory

-~ analysis of the contribution enhancement could make to
-fishery management goals, which should be conducted
at the very beginning of any enhancement initiative



SCORE
Consortium

Mate Marine
Laboratory

MMFS MW Fisheries
Science Center

University of Mew
Harmpshire

University of
Southern
Mississippi

Hubhbs-Sea'world
Research Institute
{coming soon)

~ Sponsared by ~
MOosA MMES
=2
MOAL Agquaculture

(&

Conferences, Symposia, Workshops on Stock
Enhancement

International Symposia on Stock Enhancement and Sea
Ranching

[about this symposium series]

2010 — 4th International Symposium on Stock Enhancement and Sea
Ranching
*Spring, 2011, Shanghai Ocean Fisheries University, Shanhai, China
A Special Symposium in conjunction with the 9th Asian Fisheries and Aquaculture
Forum
*(Revised dates)

2010 — Cultured Aquatic Animals: Use and Implications for Stock
Enhancement, Fisheries Management, and Species Diversity

March 1 - 5, 2010, San Diego, California, USA
A Special Symposium in conjunction with AQUACULTURE 2010

2006 — 3rd International Symposium on Stock Enhancement and Sea
F.anching

Seattle, Washington, US4, September 2006
o LTF The Proceedings were published in "Reviews in Fisheries Scence" in 2008

2002 — 2nd International Symposium on Stock Enhancement and Sea
Ranching

k.obe, Japan, February 2002
s The symposium proceedings were published by Blackwell Science in 2004

1997 — 1st International Symposium on Stock Enhancement and Sea
F.anching

Bergen, Morway, September 1997

s The symposium proceedings were published by Blackwell Science in 1999
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c.,?,‘;g’ri‘ﬁ,,,, Marine Stock Enhancement Projects in the USA

Hatchery Reform Movement
# Puget Sound and gton Hatchery Reform Proj
* Hatchery if i 1 - an independent scientific panel

Marine Stock Enhancement Research & Development
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SCORE | _
SCIENCE CONSORTIUM FOR OCEAN REPLENISHME

StockEnhancement.org/science/oubdlications.hirnl
mm Research | US Programs

SCORE

Stientist's Publications on Stock-Enhancement by SCORE Scientists
R ca e Responsible approach to stock enhancement
-\_‘%_— Blankenship, H. L. and K. M. Leber. 1995, A responsible approach to marine stock
Indicates enhancement. In Uses and effects of cultured fishes in aquatic ecosystems. American

Score Project Fisheries Society Symposium 15:165-175. ™ ssread now...

Bell, J.Dv., .M. Bartley, K. Lorenzen and N.R. Loneragan. 2006. Restocking and stock

Feszponsible approach enhancement of coastal fisheries: Potential, problems and progress. Fisheries Research. 80:
to stock 18. T4 >>read now...
erhancerment

Sl i e b SRR w Bell, J.D., K.M. Leber, H.L. Blankenship, N.R. Loneragan and R. Masuda. 2008. A new
books & journal era for restocking, stock enhancement and sea ranching of coastal fisheries resources.

proceedings Reviews in Fisheries Science 16: 18. T4 >>read now...

Fopulation dynamics A Lorenzen, K. 2008. Understanding and managing enhancement fisheries systems.

and assessment Reviews in Fisheries Science 16: 10.23. 4 >>read now...

Stakeholder effects

Stock enhancement books and symposium proceedings
on enhancement

outcome ALE Johann D. Bell, Kenneth M. Leber, H. Lee Blankenship, Neil R. Loneragan, Reiji
|dentifying hatchery Masuda and Geraldine Vander Haegen (Editors). 2008. A New Era for Restocking, Stock
fish Enhancement and Sea Ranching of Coastal Fisheries Resources. {Proceedings of the 3rd

International Symposium on Stock Enhancement and Sea Ranching) Reviews in Fisheries
Release magnitude Science, Volume 16 Issue 1-3. View on-line abhstracts...

effects on sunvival

Leber, K. M., 5. Kitada, H.L. Blankenship and T. Svasand. 2004. Stock Enhancement and Sea
Ranching: Developments, Pitfalls and Opportunities. 2nd Edition. Blackwell Publishing,
Cxford. 562 pp. Preview at Blackwell’s web site for the book

Caontribution to
spawhing stocks,
offzpring & fisheries
Bartley. .M. and K.M. Leber, Editors. 2004, Case Studies of the Effectiveness of Stocking
Aqucultured Fishes and Invertebrates to Replenish and Enhance Coastal Fisheries. Fishery
Technical Paper No. 429, Food and Agriculture Organization of the United Nations (FAO),
Size-at-release effect Rome, Italy. 213 pp. View electronic version...

Impact of release
strategies on costs

Felease habitat effect Nakamura, Y., JJ.P. McVey, K. Leber, C. Neidig, 5. Fox, and K. Churchill, (eds.). 2003. Ecology
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|593rfh this site: Florida Marine Fisheries Enhancement Initiative
Strengifering ife Future for Sparticting Adong Soniss F last Costa MWeasterueays.
Support Florida A Brief Description
a .

The Flarida Marine Fisheries Enhancerment Initiative is a multi-year, multi-partner program vital to
= Home sustaining our saltwater sportfish populations and the natural habitats of our precious marine life,
= About the Initiaitye
= Indoor Facility owr first saltwater hatchery helped keep the red drum population healthy and available in the
= Dutdoor Facility Tarnpa Bay area. Mew technology and scientific insight have enabled the construction of even
= Join the Team rmore effective rarine enhancement centers that can provide a variety of garme fish, at different
= Strategic Partners stages of developrment.
= Blogs

Forums THE BIG THREE
About the Wildlife . .

Foundation of Florida m - ‘!‘m‘a
= Contact Us A e x_:_‘f?_ =

Fed Drom S;m:lok- Spcltté:ﬂ' Seq Trout
My Links

« Fecent posts

-

To help bolster Flarida's sportfish populations that will otherwise be reduced by current dernand,
fishery scientists and managers advise creating a series of strategically networked hatcheries and

Us grovge-out facilities on both the Atlantic and Gulf coasts, This netwaork, combined with parallel
hakitat restoration, will be most the efficient rmodel for sustaining healthy sportfish populations.,

Username: * Flarida iz the most popular spartfishing destination in the country and that popularity contributes
| | alrmost $2 bilion to Florida's econormy annwally, Maintaining healthy fish populations and habitats is
Password: * critical to the continuation of that success. That is why we urge everyone wha lives, warls or
| | plays in our beautiful state to help us make this initiative a reality and Support Florida Sportfish.
A Team Effort

Create new account
Request new passuvrord

Construction of these innovative marine propagation and
ecosystern restoration facilities will only be possible through
tearmwiork, In addition to the partners alkeady ifvolved in the

H // f f . initiative, the team must include support fram government, A rehsark af
: nan-profit, academic and private fisheries research TP e T
ttp www.Tmtel Org institutions-and from concerned citizens and other stakeholders, | W4 diverse

. . r . copabilifies will be
We also want to work with interested communities to desian 3 | L.k on bots fhe

localized prograrn that can involve all interested residents, Your | cgct ang west cogsis
contributions are wital. Donations can be in the form of time, of Rorda.
money, oF property,



Presenter
Presentation Notes
As part of its saltwater hatchery and habitat initiative, the Florida Fish and Wildlife Conservation Commission (myFWC.com) is planning for the future by supporting zero-discharge marine-aquaculture research and development for this initiative. Also, the Florida Dept of Agriculture and Consumer Affairs and NOAA-Aquaculture / NOAA-National Sea Grant Aquaculture are all supporting development of marine aquaculture in zero-discharge systems. 
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