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Marine Fisheries Enhancement Reform
• Stocking estuaries and oceans dates back to 1880’s in USA and 

Norway, and earlier than that in Asia; fell out of favor in 1950’s in the 

USA and replaced by harvest management

– New marine stocking programs appeared in the 1970’s , but, as before, stocking 

without a ‘Stock Enhancement’ scientific framework

– Prior to 1989, not one single paper in peer-reviewed scientific literature on the 

effects or effectiveness of stocking fishes, that spawn in seawater, into the sea 

• Since 1989, progress in marine fisheries enhancement 

has occurred at two levels:

• Strategic Advances - Adoption of a careful and responsible 

approach for conducting enhancements  (aided by salmonid debates)

• Scientific Advances – Marine aquaculture / stocking impact  / 

genetic risk  /  modeling enhancements   /  evaluating survival  /  

improving release strategies



“A Responsible Approach to Marine 

Stock Enhancement” *

• Keep Within Context of Fisheries Management Plan:
– 1.   Prioritize Species for Enhancement

– 2.  Make Stocking Plan that Fits with and Helps Achieve the Goals of the Fishery 
Management Plan and Identify the Expectations 

• Develop Sound Enhancement Strategy:
– 3.  Define Quantitative Measures of Success  

– 4.  Use Genetic Resource Mgmt. to Prevent Deleterious Effects

– 5.  Use Disease and Health Management

– 6.  Consider Ecological, Biological, & Life-History Patterns

– 7.  Identify Hatchery Fish & Assess Stocking Effects

– 8.  Use an Empirical Process to Define Optimal Release Strategies

– 9.  Identify Economic & Policy Guidelines

– 10. Use  Adaptive  Management 

(* Blankenship & Leber, 1995. Am. Fish. Soc. Symposium 15:67-175)

PDF is online at www.StockEnhancement.org/science/publications.html

(Spawned by Lee Blankenship, Devin Bartley, Don Kent, Ken Leber, Stan Moberly, 

Terje Svåsand, Katsumi Tsukamoto [and Rich Lincoln])



‘Updated Responsible Approach’ (URA)

Lee Blankenship

Lorenzen, Leber & Blankenship Rev. Fish. Sci. 2010

Stage I: Initial appraisal and goal setting

(1) Understand the role of enhancement within the fishery system 

(2) Engage stakeholders and develop a rigorous decision making process 

(3) Quantitatively assess contributions to fisheries management goals

(4) Prioritize and select target species and stocks for enhancement

(5) Assess economic and social benefits and costs of enhancement

Stage II: Research and technology development including pilot studies 

(6) Define enhancement system designs

(7) Develop appropriate aquaculture systems

(8) Use genetic resource management 

(9) Use disease and health management

(10) Ensure that released hatchery fish can be identified

(11) Use an empirical process for defining optimal release strategies

Stage III: Operational implementation and adaptive management 

(12) Devise effective governance arrangements

(13) Define a management plan with clear goals and decision rules

(14) Assess and manage ecological impacts 

(15) Use adaptive management 

Kai Lorenzen



Testing Grey Mullet (Ama’ama) 
Enhancement Potential in Hawaii



Early Development of Hawaiian Aquaculture



Advances in Mullet Aquaculture               
In Hawaii



Changes in Oocyte Growth and Serum
Steroid Levels in the Striped Mullet



Procedure For 
The Induction 
Of Maturation:



Procedure For The Induction Of Spawning: 
Step 1: Assess Gonadal Maturity

Ovarian Biopsy   ♀ Presence of Milt  ♂



Procedure For 
Induced Spawning:



Enriching 
Artemia Nauplii

Adapted Japan’s

Larval Rearing



Release Variables: Critical Uncertainties

•Use adaptive management to decide 
the best choices for how to conduct stocking
– Tag type, tag placement, retention

– Acclimation at release site

– Size-at-release (SAR)

– Season and tidal timing

– Effects of interactions

– Release habitat & microhabitat

– Release magnitude

• With this approach,  stocked hatchery fish 
approach survival levels of wild fish; and stocking  
efficiency is maximized



Ken Leber, May 2012

Compare Stocking 
Strategies to 

Maximize Survival 

Pilot Releases

to Assess and Control 
Stocking-Strategy 
Effects on Short-
Term Mortality



Adaptive Management is Crucial 

Recognize the  “Production - Enhancement” 

Management Dichotomy 

Release

Strategy

“Adaptive”

Stocking
Production

Impact 

Assessment

Management

Plan

Increased

Control

E.Eff.

Loop

P.Eff.

Loop

(Leber, 2002. Advances in Marine Enhancement: Shifting Emphasis to Theory & Accountability. In Stickney & McVey )



Monitoring is Essential…



SURVIVAL IS 

HIGHLY

DEPENDENT UPON 

RELEASE 

STRATEGIES

Release Habitat

Size-at-Release

Release Season 

Release 

Magnitude

Interactive Effects

Rationale for Pilot Studies to Optimize 
Release Protocol

Acclimation



Coded-wire Tag (CWT)

• Benign

• Easily and quickly applied

• Works well with small and large fish

• High retention, retained over 

lifetime of individual

• Cost effective, (~$0.1/Tag)

• High information content

• Not externally visible in most cases, 

must use detector

• Must sacrifice individual to remove 

tag for decoding

• Also used for double tagging studies: 

external tag retention, survival, 

growth

Tag Selection



OAHU, HAWAII

Kaneohe Bay



Effect of Release Habitat on striped 
mullet in Hawaii

 Number  

Released 

 Replicates      

(Lots) 

 Number   

Recaptured 

Control 

Site 

  11676         2     20 

Treatment 

Site 

  31146        3      0 

 

 

• Kahaluu Steam  (control site)

• Shoreline of Kaneohe Bay (treatment site)

Leber, K. M. 1995. Significance of fish size-at-release on enhancement of striped mullet fisheries in Hawaii. Journal World Aquaculture 

Society 26(2):143-153.



0

20

40

60

80

100

6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5

1990 1991 1992 1993

Survival and Recruitment

Leber, K. M., S. M. Arce, D. A. Sterritt, and N. P. Brennan. 1996. Marine stock-enhancement potential in nursery habitats of striped 

mullet, Mugil cephalus, in Hawaii. Fishery Bulletin 94(3):452-471. 

~ 3%



SURVIVAL IS 

HIGHLY

DEPENDENT UPON 

RELEASE 

STRATEGIES

Release Habitat

Size-at-Release

Release Season 

Release 

Magnitude

Interactive Effects

Rationale for Pilot Studies to Optimize 
Release Protocol

Acclimation



Size-at-Release Impact 
in Kaneohe Bay

SIZE-AT-RELEASE
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Leber, K. M., H. L. Blankenship, S. M. Arce, and N. P. Brennan. 1997. Influence of release season on size-dependent survival of 

cultured striped mullet, Mugil cephalus, in a Hawaiian estuary. Fishery Bulletin, 95(2):267-279.
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Release Season Interaction With 
Size-at-Release Effect

Striped Mullet in Hawaii

• 5 sizes released

• Spring vs Summer

• 3 replicate releases in 

spring and in summer

Leber, K. M., H. L. Blankenship, S. M. Arce, and N. P. Brennan. 1997. Influence of release season on size-dependent survival of 

cultured striped mullet, Mugil cephalus, in a Hawaiian estuary. Fishery Bulletin, 95(2):267-279.
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Enhancement Cost 
Efficiency

 RELATIVE COST TO ENHANCE (RCE)

 C.E.  =  PRODUCTION COST / NO. CAPTURED

=  NO.  PRODUCED  X     UNIT   COST   

NO.  RELEASED   X  RECAP. FREQ

RCE  =     UNIT      COST

RECAP. FREQ

Choose release tactic that minimizes CE

Leber, Cantrell and Leung. 2005. Optimizing cost effectiveness of size-at-release in stock 

enhancement programs. N. Am. J. Fish. Mgmt. 25:1596-1608



Basic Cost Parameters: Fish 
Size-at-Release (SAR)

Key Parameters: SAR based-production 
levels;-production costs;-fishery yields

SAR LEVEL

45-60mm 60-70 70-85  85-110 110-130

127,680   120,690   117,936   109,164   103,706

 $0.31       $0.37       $0.42       $0.54       $0.68

 .001         .006         .016         .027         .031

 $310          $62          $26 $20 $22

#
Unit 

cost

RF

RCE

Leber, Cantrell and Leung. 2005. Optimizing cost effectiveness of size-at-release in stock 

enhancement programs. N. Am. J. Fish. Mgmt. 25:1596-1608
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Hypothesis:

Marine Hatchery 

Releases Increase 

Fish Abundance

 Cultured Marine Fish 

Survive                         & 

Grow in the Wild

 Hatchery Releases 

Contribute to Fishery 

Landings

 Hatchery Fish Do Not 

Displace Wild Stocks

Predictions:

?



TREATMENT SITE

Kahaluu

Dispersal From Release Site

Leber, K.M, N.P. Brennan and S.M. Arce. 1995. Marine enhancement with striped mullet: are hatchery releases replenishing or depleting 

wild stocks? In Uses and Effects of Cultured Fishes in Aquatic Ecosystems. American Fisheries Society Symposium 15:367-387.
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Leber, K.M, N.P. Brennan and S.M. Arce. 1995. Marine enhancement with striped mullet: are hatchery releases replenishing or depleting 

wild stocks? In Uses and Effects of Cultured Fishes in Aquatic Ecosystems. American Fisheries Society Symposium 15:367-387.
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