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Groundfish Harvest Strategy 
 

 
 • Control rule strives to utilize index of 

reproductive potential in units of spawning 
biomass 
•Maturity schedule is fundamental to 
harvest strategies 
• Fishing and environmental variability can 
alter maturity schedules 
•Most assessments don’t consider 
interannual variability in maturity schedule 
• Peak spawning timing is a critical input 
to stock assessments. 
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Schematic of Harvest Control Rule 

ABC/ACL TAC ≤ ≤Catch OFL <
Total Allowable Catch Acceptable Biological Catch Overfishing Level 



Crab Harvest Strategy 
 

 
 • Mature male biomass used as proxy for 

fertilized egg production (FEP) 
•Maturity schedule is fundamental to 
harvest strategies 
• Assessments don’t consider interannual 
variability in maturity schedule 
• Peak spawning timing is a critical input 
to stock assessments. 
•Fishing and environmental variability can 
alter maturity schedules.  In some stocks 
biennial cycles exhibited in cold years. 
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Centroids of abundance of mature female snow crabs 
(shell condition 2+, blue) and mature males (shell 
condition 3+) red stars (Ernst et al. 2005) 

To transition to FEP need information on 
molting probabilities, mating ratios, spatial 
overlap of males and females by size 



Crab Maturity-females  
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EGG/CLUTCH CONDITIONS: 
 Egg Color  Enter egg color code: 
 0 - No eggs 
 2 - purple 
 3 - brown 
 4 - orange 
 5 - purple-brown 
 6 – pink  

Egg Condition  Enter egg condition 
code: 
 0 - No eggs 
 1 - uneyed eggs 
 2 - eyed eggs 
 3 - dead eggs 
 4 - empty egg cases…. 
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Example GOA northern rockfish: 
• Only occasional, small maturity studies 
• Estimate maturity-at-age inside model, propagates uncertainty 
• Uses two studies together, weighted by sample size 
• All GOA rockfish age-at-50% appears lower in recent studies 
• Lower M-A-A yields larger ABC (higher F40%) 
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GOA Pollock 
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EBS Pollock 

Shelikof Strait Stahl and Kruse 2008 Trans. Am. Fish. Soc. 

Where time series exist, 
interannual variability  
observed. 



Spencer and Dorn Fisheries Research 2013 
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Index of 
Reproductive 
Potential 

Maturity  
ogive 

Fmsy F40% 

BSAI POP 

SSB Based on GOA 0.081 0.062 

Viable larvae Based on GOA 0.079 0.053 

GOA Pollock 

Eggs Average 83-10 0.177 0.198 

Eggs Time varying 0.12 0.197 

SSB Average 83-10 0.173 0.201 

SSB Time varying 0.117 0.199 



Challenge 
1: Data 
availability 

Species Region
Is maturity 

available for age or 
length?

Number of 
independent 

maturity 
 

Years in which maturity 
data collected

Is maturity data 
used directly in the 

assessment to 
 Alaska plaice BSAI Age and Length In Progress 2012-2013 Yes

Arrowtooth flounder BSAI Age and Length 1 2008 Yes
Atka mackerel BSAI Age and Length 2 1992-1994 & 2002-2004 Yes

Bering Flounder BSAI Age and Length 1 2006 & 2007 No
Flathead BSAI Age and Length 1 2000 Yes

Greenland Turbot BSAI Length 2 1982 and 2007 Yes
Kamchatka flounder BSAI Age and Length 1 2007 Yes
Northern rock sole BSAI Age and Length 1 2006 Yes
Northern rockfish BSAI Age 1 2004 & 2010 Yes

Pollock BSAI Age and Length In Progress about 20 years Yes
Pacific cod BSAI Length 1 2003 Yes

Pacific ocean perch BSAI Age 1 2004 & 2010 Yes
Rougheye/Blackspotted rockfish BSAI Age 1 1990s Yes

Alaska Skate BSAI Age and Length 1 2003-2005 Yes
Yellowfin sole BSAI Age and Length 1 & In progress 1992-1993 and 2012-2013 Yes

Grenadier BSAI and GOA Age 1 2004 and 2006 No
Sablefish BSAI and GOA Age 1 1978-1983, 1996-2012 Yes

Sharks BSAI and GOA Age 1 each
2004-2007 for spiny 

dogfish, 1997-2002 for 
salmon shark

No

 Dusky rockfish GOA Age 2 1996 and 2000-2001 Yes
 Pacific ocean perch GOA Age 2 1995-1996, 2009 Yes
 Shortraker rockfish GOA Length 1 1994 No
Arrowtooth flounder GOA Age and Length 2 1993 & 2002-2003 Yes

Dover sole GOA Age and Length 1 2000 & 2001 Yes
Flathead GOA Age and Length 1 1999 Yes

Northern & southern rock sole GOA Age and Length 1 1996 and 1999 Yes
Northern rockfish GOA Age 2 1996 and 2000-2001 Yes

Other rockfish GOA Age 1 1995 Yes for sharpchin, no 
for all others

Pacific cod GOA Age and Length 1 1998-2004 Yes
Pollock GOA Age and Length In Progress 28 Years Yes

Rex sole GOA Age and Length 1 2000-2001 Yes
Rougheye/Blackspotted rockfish GOA Length 1 1994 Yes

Thornyheads GOA Length 2 1995 and 2000 No



Challenges continued 

• Fishery independent collections on 
surveys occur after peak spawn 
timing for most groundfish and crab 
stocks. 

• Identifying the timing and location of 
parturition for rockfish is difficult.  

• For some species peak spawn timing 
based on historical ichthyoplankton 
collections.  Rockfish larvae are 
difficult to identify. 
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Species Common Name Hab
-itat J F M A M J J A S O N   

Hippoglossus stenolepis Pacific halibut   
Atheresthes stomias Arrowtooth flounder   
Leuroglossus schmidtii Northern smoothtongue   
Hemilepidotus hemilepidotus Red Irish lord #   
Hexagrammos decagrammus Kelp greenling #   
Pleurogrammus monopterygius Atka mackerel #   
Ammodytes hexapterus* Pacific sand lance   
Gadus macrocephalus Pacific cod   
Theragra chalcogramma Walleye pollock   
Lepidopsetta polyxystra Northern rock sole   
Stenobrachius leucopsarus Northern lampfish   
Pleuronectes quadrituberculatus Alaska plaice   
Anoplopoma fimbria Sablefish #   
Ophiodon elongatus Lingcod #   
Clupea pallasi Pacific herring   
Hippoglossoides elassodon Flathead sole   
Platichthys stellatus Starry flounder   
Glyptocephalus zachirus Rex sole   
Microstomus pacificus Dover sole   
Bathymaster spp. Ronquils (unidentified)   
Lepidopsetta bilineata Southern rock sole   
Isopsetta isolepis Butter sole   
Sebastes spp. Rockfish (unidentified)   
Mallotus villosus Capelin   
Limanda aspera Yellowfin sole   

  
*Now considered to be A. personatus              Level of abundance: 

          Lowest    Moderate     Highest   Absent   
# Larvae associated with the neuston            Primary larval habitat: 

          Coastal         Shelf      Slope and Deeper   
  

Seasonal Larval Distributions for GOA 



Challenges - Continued 
1. Histological studies are costly and they are often conducted in only a few 

selected years. 
2. Collections of maturity data by observers is problematic. 

1. Some fishers are reluctant to allow formalin on deck. 
2. Observers are fully occupied with standard data collections. 

3. Visual scans require validation. 
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Perinuclear (NYolk) Cortical alveoli 
(Eyolk) Early 
vitellogenesis 

Med vitellogenesis (MYolk) 
Nuclear migration 

Late vitellogenesis 
(Lyolk) Yolk fusion YC 

Hydration (HYD) Post-ovulatory 
Follicles (POF) 



•Immature: small and    
transparent  
 
•Developing: up to ½ length of 
abdominal cavity, orange, tightly 
bound 
 
•Prespawning: greater than ½ 
length of abdominal cavity, opaque, 
loosely bound 
 
•Spawning: free flowing under 
light pressure 
 
•Spent: small, flaccid, and bloody 
 
•Resting: Small, dense, dark 
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Total Fish Assessed Pre-spawning Stages Post-spawning Stages 
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Pacific cod spawning 
phenology using NMFS 
observer visual 
maturity stage 
assessments for the 
Bering Sea and 
Aleutian Islands  
 
•Earlier start to spawning in 
2005 (warmer year)  
 

•Longer spawning season 
in 2006 (transition year) 
 

•Delayed start and shorter 
duration in 2007 (colder 
year)  

2005 

2006 

2007 



Month Week Outer 
Domain 

Pribilof Unimak Central 
Aleutians 

Western 
Aleutians 

Attu 

February 3 
4 

March 1 
2 
3 
4 

April 1 

    Outer Domain 
    Pribilof Is. 
    Unimak Is. 
    C. Aleutian Is 
    W. Aleutian Is. 
    Attu 

2005 Pacific cod 
spawning hot spots 
identified by observer 
assessed maturity  

Spawning phenology for 
hot spot location 
showing peak spawning  

Unimak Is. 

Pribilof Is. 





Cooperative Research - Spawn timing 

August 28, 2013 15 



Solutions - Groundfish 
•Verify visual scans, and add collection of maturity data to 
observer data protocols for winter/spring fisheries.   
•Identify opportunities for cooperation with industry to evaluate roe 
quality indices as markers for maturity schedules. 
•Continue histological studies where visual scans can’t be verified. 
•Conduct blood assays to assess hormonal indices as markers of 
maturity schedules to facilitate summer data collections. 
• For rockfish conduct cooperative research projects to collect 
information on spawn locations and timing. 
•Continue bio-energetic studies and retrospective studies to 
understand how density independent and density dependent 
factors influence interannual variability in maturation schedules. 



Solutions - Crab 
•Verify molting probabilities and evaluate density 
dependent and density independent influences.   
•Conduct tagging studies to estimate probability of 
encounter. 
•Monitor female fertilization fractions,% barren, sperm 
reserves, and paternity. 
•Based on retrospective studies using data collections 
noted above, estimate fertilized egg production.   
•Correct FEP for environmental effects such as 
temperature effects on biennial spawning.  
 



Extra Slides 

8/28/2013 18 



“For BSAI Pacific ocean perch and GOA pollock, estimates of recruitment strength and 
the variation around stock–recruitment curves were relatively insensitive to various 

indices of reproductive potential. However, weight-specific relative fecundity increased 
estimates of Fmsy, whereas maternal effects decreased estimates of Fmsy.” 
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BSAI Pacific Ocean Perch 

Spencer and Dorn 2013 
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