
Fish Production & Density  

LO: extrapolate how temporal variation potentially influences 
world fisheries catches, sustainability, and food security  



World Fisheries Catch 

Catch & Aquaculture Catch 

Catch % 

FAO 2006, 2012, 
2016 



Fish Catch 
Diverse ~ 25,000-30,000 species, nearly 500 families, 1/2 
marine species (Jennings et al. 2001) 

FAO 2016 

Catch Zone 



Invertebrate Production & Catch 
- molluscs (~50,000 species, including squid) ~7% 
- crustaceans (~35,000 species; esp. shrimp and prawns) ~6% of 

total landings (Jennings et al. 2001) 

FAO 2006, 2012 

Catch 

Value 

Trend 



 Catch Locations & Management 

FAO 2014, 2016 



World Fish Supply & Use 



Aquaculture Trends 
2010 Total  Capture + Aquaculture 

148 million tonnes  



Fish Price Index 

Data from Norwegian Seafood Council 



Fish Production: physiology 

Physiological & organismal perspective 2 approaches: 

1. Size - Dependent Function (e.g. von Bertalanffy) 

  - based on mass, not food dependent 
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metabolism 

- growth as two size-dependent 
functions 

- basis of Beverton & Holt model 



Fish Production: physiology 

2. Mass Balance (e.g. Winberg 1956) 

- based on food consumption 
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Energy Equation: Winberg (1956) 

Growth = Consumption - (Metabolism + Wastes)        

Metabolism 

Consumption Wastes 

Growth 



Cod Predation Bioenergetic Summary 
Model Component 8 capelin 12 capelin 

Ration 1057 kJ 1585 kJ 
Egestion and Excretion -317 kJ -476 kJ 
Maintenance -58 kJ -58 kJ 
Digestion -125 kJ -188 kJ 
Swimming -79 kJ -79 kJ 

Surplus Energy 478 kJ 784 kJ 

Horne and Schneider 1994 

45% 49% 



Factors Affecting Metabolism 

Fry 1971 

1. Temperature controlling factor (10oC increase 2x metabolism) 

 - affects chemical breakdown: log10 (O2) ∝ T0.036 

- standard metabolism (SM) increases with T, active metabolism 
(AM) peaks then declines 

2. Starvation – SM decreases logarithmically, AM no change 

3. Limiting factors: O2 (amount of water past gills) 

4. Masking factors: toxics, particulates 

 - particulates increases SM x 2 in salmon at 1/10 LD50(96 hours) 

5. Directive factors: diurnal, seasonal rhythms 

+ multiple stressors: direct and indirect effects 



Northern Cod Production Decline 

Hutchings & Myers 1994 

- - - 3 yr 
old recruits 

       7+ 
spawners 



Estimating Walleye Pollock Production 

Megrey et al. 1996 

- age 2 recruitment 
- ocean stratification & circulation 

during spring and summer 
- rainfall Jan. & Feb. 
- model used 1988 - 1993 

Gulf of Alaska, Shelikof Strait 



Walleye Pollock EBS Catch 

SAFE 2013, 2016 

Year 



Bottom Trawl & Acoustic 
Biomass Estimates 

SAFE 2016 



Potential 
Influence of 

Water 
Temperature? 

SAFE 2016 
Kotwicki et al. 2009 
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Pollock 
Abundance Estimate 

- population sustained by 
single cohorts after recruiting 
to fishery 

- occurrence of large cohort 
aperiodic and unpredictable 

- large age-1 abundance may 
not result in large year class 

- 2006, 2008 may be large 
year classes. 2013?  

SAFE 2016 

2006 & 2008 
cohorts 
colored 



Acoustic, Bottom Trawl, Commercial 
Abundance at Age Estimates 

Commercial 
Numbers-at-age 

SAFE 2016 



Abiotic and Biotic Effects 

Hjermann et al. 2004 

What influences capelin production? 

- overlap with herring and cod 
predators 

- water temp influences herring and 
cod more than capelin 

- results in a lagged effect on capelin 
due to predation 1 to 2 years after 
warm year (which increases herring 
and cod) 

Barents Sea Capelin 
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