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Announcements

• Reminder to see website for content, links, 
and so on. 
https://mcolvin.github.io/WFA4313-Fisheries-
Management/

• Lab groups same as last week

https://mcolvin.github.io/WFA4313-Fisheries-Management/


CLASS OBJECTIVES

1. Understand the importance of abundance and biomass in fisheries
2. Approaches to model biomass dynamics
3. How populations are structured
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Fish dynamics: state variables

Abundance

State Variable:  Something measureable
& can stored or lost over time:

• Abundance 
• Biomass



Fish dynamics: processes

Abundance
Population
Gains

Population
Losses



Fish dynamics: Mechanisms
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Fish dynamics: Mechanisms

Gains:
1. Recruitment
2. Immigration
3. Stocking
4. Other(s)?

Losses:
1. Mortality

a) Fishing
a) Commercial
b) Recreational

b) Natural
a) Predation
b) Pathogen

2. Emigration
3. Other(s)?



Processes & Mechanisms
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Fish dynamics: States, Processes, & 
Mechanisms
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Fish dynamics: States, Processes, & 
Mechanisms
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Some biomass dynamics
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Exponential population model

Biomass (B)

Intrinsic growth
rate (r)
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Graham-Schaefer model
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Fox model
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Fitting models to the data…
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Management Objective: Maximize 
sustainable harvest
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Management Objective: Maximize 
sustainable harvest

1 loge
dB Br B F B
dt K
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What is the best F?
• Maximizes long term harvest-management 

objective
• Use fitted models to forecast
• Evaluate F for 0 to 0.5 by values of 0.02



Forecasted biomass dynamics
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At model specific F that maximizes long term harvest



Forecasted biomass harvested
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Key point

• The optimal management decision depended
on the model, was not the same!

• Structural uncertainty: we do not know with 
certainty the model governing biomass 
dynamics

• Working off of one model, mathematical or in 
your head, can lead to mismanagement!



Commercial versus Recreational 
Objectives

Objective:  Biomass Objective:  Size, Catch rate



A Population

Unstructured or structured?



age ageBiomass Abundanc Weighte ⋅= ∑

Biomass Abund Wea inc hte g= ⋅∑
Or

Biomass is a function of number of 
fish and the size of those fish which 

varies by age



Biomass                      vs. Size/age 
structure



Thinking in terms of fish year class
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Where, 
Nt+dt = number alive at time t
Nt = number alive at time t
Z = instantaneous total mortality rate
dt = time units 



Mortality types

Total Mortality (Z) is comprised of:
• Natural (M)

1. Predation
2. Disease, contaminants, toxicants
3. Senescence

• Fishing (F)
Total mortality (Z) is M+F



Cohort: definition

1. In a stock, a group of fish generated during the 
same spawning season and born during the 
same time period; 

2. In cold and temperate areas, where fish are 
long-lived, a cohort corresponds usually to fish 
born during the same year (a year class). For 
instance, the 1987 cohort would refer to fish 
that are age 0 in 1987, age 1 in 1988, and so on. 
In the tropics, where fish tend to be short lived, 
cohorts may refer to shorter time intervals (e.g. 
spring cohort, autumn cohort, monthly cohorts).

Source:  https://www.st.nmfs.noaa.gov/st4/documents/FishGlossary.pdf



Year Class: definition

Fish in a stock born in the same year. For 
example, the 1987 year class of cod includes all 
cod born in 1987. This year class would be age 1 
in 1988, age 2 in 1989, and so on. Occasionally, a 
stock produces a very small or very large year 
class that can be pivotal in determining stock 
abundance in later years.

Source:  https://www.st.nmfs.noaa.gov/st4/documents/FishGlossary.pdf



Year class dynamics
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Longevity ~ 
10 years



Year class dynamics
Year Abundance
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Year class dynamics
Year Abundance
2015 10000
2016 7800
2017 7800-1716
2018
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Year class dynamics
Year Abundance
2015 10000
2016 7800
2017 6084
2018 6084-1338
2019
2020
2021
2022
2023
2024
2025



Year class dynamics
Year Abundance
2015 10000
2016 7800
2017 6084
2018 4745
2019 3701
2020 2887
2021 2252
2022 1757
2023 1370
2024 1069
2025 833
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