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Empirical and theoretical studies show that life-histories of many fish 
species are strongly affected by fisheries and climate change.
 
A common trend of life-history change is towards:
1) maturation at earlier age and smaller size 
2) smaller adult size-at-age 

Siz
e/a

ge

at m
atu

ra
tio

n

Adult size

Increased temperature and 
physiological response

Length (cm)
10

20
30

40
50

Y
e

ar

1920

1940

1960

1980

2000

S
e
le

ctivity

0.0

0.2

0.4

0.6

0.8

1.0

Size-selective fisheries and 
fisheries-induced evolution

AFTER:

BEFORE:

1. Background and main question: 

Does this life-history change 
affect stock recovery rates? 

2. Methods:
1. We used South East Australian marine ecosystem model (in Atlantis 
framework) to assess how population per capita growth rates (r) are 
affected by earlier maturation and decreased adult body size. 

2. Simulation design: 50 years of fishing for 10 species of different 
trophic level and life-history characteristics followed by 33 years of 
fishing moratorium

3. During the 50 years of fishing adult body size of fished species was 
forced to decrease by a total of 10-12%, juvenile body size incresed 
by 2-5% and age of maturation decreased by 1-2 years. Once fishing 
was stopped life-history traits remained the same as in year 50. 
Baseline simulations run with same fishing rates but no life-history 
change

4. Per capita population growth rates (r) calculated for different 
cohorts using life-history tables of stage specific survival and 
fecundity and compared among scenarios with and without life-
history change
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Denitrification 
Remineralisation 

 

Ecological processes

Fisheries Selectivity
Fishing mortality

Discards
Bycatch

Example: changes in biomasses and 
lengths-at-age of a harvested species
 in scenarios with life-history change 
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Fishing Recovery

R  = ålx fx0
x=age at maturity

x= age at death

0r = ln (R ) /G
Reproductive value:

Generation time: G = 
ålx fx

ålx fx x

lx  - survival to age x

- fecundity to age xfx

3. Results:
1. Increased juvenile growth rate, earlier maturation and smaller 
adult body size compensate each other and have negligible final 
effect on r 
2. Differences among species are considerably larger than the effects 
of life-history change
3. Per capita population growth rate mostly depends on the individual 
growth rate; fast growing and early maturing species have higher r

Life-history changes expected from fisheries-
induced evolution or increased temperatures have 
only minor effect on the short-term rate of stock 

recovery

calculate 
r for the year 47-53 
cohorts, i.e. before 
and after the 
fishing stops
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Seriolella punctata

Small pelagics
Engraulis, Sardinops
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Red bait
Emmelichthyidae 

10 year lifespanfaster growing (larger)

slower growing (smaller)
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Blue grenadier
Macruronus novaezelandiae

Shallow water 
demersalsFlathead

Neoplatycephalus, Platycephalus

Pink ling
Genypterus blacodes Morwong

Nemadactylus

Mackerel
Trachurus, Scomber

20-30 year lifespanfaster growing (larger)

slower growing (smaller)

with LH change

no LH change
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error bars show min-max values 
from alternative simulation designs
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Fishing stops

The r values calculated in the Atlantis framework require some approximations 
and should not be compared with absolute r values from empirical data
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