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New Technologies Spawn New Technologies 

• Rapid expansion of marine aquaculture since the 1980s 
enabled corresponding expansion of aquaculture-based 
fisheries enhancements 

• But in many enhancement efforts, improvements in 
enhancement policy have not kept pace with 
improvements in enhancement science 

• In particular, why is active adaptive management so 
rarely incorporated as a fundamental part of 
enhancement operational policy? 
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Release Variables: Critical Uncertainties 

Some of the Most Basic Choices Managers of 
Hatchery Releases Must Make 

– Tag type, tag placement, tagged proportion 

– Acclimation at release site 

– Size-at-release (SAR) 

– Season and tidal timing 

– Effects of interactions 

– Release habitat & microhabitat 

– Release magnitude 

• After stocking, take inventory so that stocked 
hatchery fish can approach survival levels of wild 
fish; and stocking  efficiency is maximized 



 Blind Management 

Repeat Stock Harvest Grow 

??? 



 You’d include adaptive management cost 
in your budget if you owned a business 

Was stocking here 

successful??? 

Was stocking this 

much a failure??? 
What size should 

we stock??? 

It’s a safe bet that 

successful 

entrepreneurs take 

inventory and do 

marketing research 
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 Adaptive Management 
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A few Examples of 
Taking Inventory 

to Maximize 
Survival  

Adaptive 
Stocking Fuels 
Efficiency & 
Effectiveness 



OAHU, HAWAII 

Kaneohe Bay 
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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. 
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Assessment of Release Strategies 

 

~ Size-at-release (SAR) ~ 

~ Seasonal timing ~ 

& 

~ Effects of interactions ~ 

 



Size-at-Release Impact in Kaneohe 
Bay,  Hawaii 

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. 

 



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 



Enhancement Cost 
Efficiency 

  RELATIVE COST TO ENHANCE (RCE) 

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

            =  NO.  PRODUCED  X     UNIT   COST    

                NO.  STOCKED   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 
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FISH SIZE  AT  RELEASE (mm) 

RELATIVE COST (SUMMER RELEASES) 
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RELATIVE COST (SPRING RELEASES) 
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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.  
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Leber, K.M and S.M. Arce. 1996. Stock enhancement in a commercial mullet, Mugil cephalus L., fishery in Hawaii. Fisheries Management  

and Ecology 3:261-278. 
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Assessment of Release Strategies 

 

~ Acclimation ~ 
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Reef Unit (no acclimation) 
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Reef Unit Within Acclimation Cage 
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Caged on Reefs Used for 3 days, Removed 
to Release Acclimated Fish 



FAS 6932 Fisheries Enhancement 

Red Snapper Recapture Rates , Fall 2002 
Post Release Results of Acclimating for 3 Days 
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Small-scale stocking actually 
contributing to Sarasota Bay snook 

fishery  
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Adaptive Management is Crucial  

  Adaptive Stocking Fuels Efficiency & Impact          
Taking inventory is fundamental to wise managment   

Release 

Strategy 

“Adaptive” 

Stocking 
Production 

Impact  

Assessment 

Management  

Plan 

Increased 

Control 

E.Eff. 

Loop 

P.Eff. 

Loop 

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



StockEnhancement.org/science/publications.html 

95 Fisheries 
Enhancement 
Publications 


