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After this three-day module, you should:

1. Understand how biomass models work

2. Be able to fit biomass models to data

3. Be able to interpret the results as a basis for advice
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Landed catch (usually in tonnes) = Ct

Biomass index (CPUE or survey) = It
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Model dynamics

Bt+1 = Bt + g(Bt) − Ct

Population is the same as last year, plus growth, minus removals

Schaefer (1954):

Bt+1 = Bt + r Bt

(
1−Bt

K

)
− Ct



Introduction
Data

Model

Parameters
Estimation
Interpretation

Model dynamics

Bt+1 = Bt + g(Bt) − Ct

Population is the same as last year, plus growth, minus removals

Schaefer (1954):

Bt+1 = Bt + r Bt

(
1−Bt

K

)
− Ct



Introduction
Data

Model

Parameters
Estimation
Interpretation

Model parameters
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K

maximum growth rate

carrying capacity
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initial population

catchability coefficient
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Construct a biomass model

Three columns in a spreadsheet: year, biomass, and catch

t B C
1950 100 0

1951 = formula 0

. . . . . . 0

2000 = formula 0

Bt+1 = Bt + r Bt

(
1−Bt

K

)
− Ct

Experiment with different r and K values
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Fit model to data

1. Get data
. . . and plot

2. Define parameters
. . . and consider transforming

3. Calculate predictions
. . . and fit by eye

4. Calculate RSS
. . . and optimize

t B C I Ifit res2

Binit r K q

Bt+1 = Bt + rBt

(
1−Bt

K

)
− Ct

Ît = qBt

RSS =
∑(

log It − log Ît
)2
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Interpreting the results

We have estimated the biomass and harvest rate

Excellent !

But the fisheries manager may also ask:

what harvest rate will maximize the long-term catch?

what level of biomass leads to high surplus production?
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Surplus production

Surplus production is the biomass produced in year t

including what was caught in that year

Surplus t = Bt+1 − Bt + Ct

Let’s
plot it
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Surplus production

Schaefer (1954):

Bt+1 = Bt + r Bt

(
1−Bt

K

)
− Ct

Surplus production g(B) is a quadratic function of B:

g(B) = r B

(
1− B

K

)
= r B − r

K
B2
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Reference points

BMSY =
K

2

MSY =
r K

4

uMSY =
r

2
=

MSY

BMSY
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Experiment with different harvest rates, projecting 20 years or more
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Assumptions (Schaefer model)

All fish are the same

No distinction between young and old fish, in terms of:
– maturity
– weight
– availability to the fishing fleet, or survey

Combines recruitment, body growth, and natural mortality
into one function

BMSY/K = 0.5 is hardwired

This ratio is actually lower for most fish stocks

Deterministic, with no recruitment events

In reality, small or large cohorts cause populations to fluctuate
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