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Why Is estimating a Spawner-
Recrult relationship so hard?

Large estimation error
Autocorrelated error
Complex nonlinear process

The issue Is primarily one about creation
and elimination of variability, it is simply
not possible to think about these
processes without models



Solutions

e Collect all the data in the world

« Analyze it In the right way using meta-
analytic methods



Meta-analysis has fundamentally
altered the practice of medicine.
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General result 1:

 More Egg => More Fish



Three simple guestions

1. Does the largest recruitment occur when
the spawner abundance is high?
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the spawner abundance is high?

2. Does the smallest recruitment occur
when spawner abundance iIs low?
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Three simple guestions

Does the largest recruitment occur when
the spawner abundance is high?

Does the smallest recruitment occur
when spawner abundance iIs low?

Is the mean recruitment higher if the
spawner abundance Is above rather than
below the median?

Myers RA, Barrowman NJ (1996)
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Summarizing information from
more than one population

e Weighted mean of relative ranks

Zz—] n rmax l

k
25:1 I

e |f spawner abundance and recruitment
were Iindependent, the expected value of
r... would be 0.5

max,/
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Relative rank of spawners

for largest recruitment
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What does this imply 1:

 Compensation (the ability of a population
to compensate for reduction in spawner
numbers) Is not infinite.



What does this imply 2:

Ricker type recruitment Is very rare, at least
INn the range of spawner abundances
usually observed in exploited populations
(it Is not good for the fish to kill a lot of
them).
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General Result 2:

 The level of compensation (the scope for
the reduction in density-dependent
mortality to allow a population increase) Is

relative constant among almost all fish
species



What is the maximum interest rate (on average)
you can obtain by investing in Icelandic cod futures?

Maximum population growth rate
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Sockeye salmon - Adams Complex, B.C.
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Cod - Iceland
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Striped bass - East Coast, USA
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Log Maximum Annual Reproduciive Rate
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Are fish different from mammals?

Maximum population growth rate
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What is the carrying capacity of the
world’s cod stocks?
e | will use nonlinear mixed effects models

to combine all the data on the worlds cod
stocks.

* Production will be standardized by shelf
area.

Myers et al. Can. J. Fish. Aqg. Sci. 1999



Resulting spawners assuming
no fishing mortality (tonnes/km*2)
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There 1s much less than 10% of cod left -
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Two Ways to Look at Spawner
Recruit Data

e Use Virtual Population Analysis to
obtain an estimate of scope of
compensation (we just did this)

 Use Meta-analytic nonlinear, non-
Gaussian state space models, where
age specific survey data Is used.



1-Compensation
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Model the research survey data

age? }fs 3
R2 0,766

120
1

age 1vs 2:
R20.594




TabLE 1. Data for the North Sea cod stock from VPA 1n millions of fish, IYFS innumbers per hour fished,
and EGFS in numbers per hour Nished.

VPA IYFS IYFS EGF5 EGF5S EGF5
Year class 1-yr-olds 1-yr-olds 2-yr-olds 0-yr-olds 1-yr-olds 2-yr-olds

1970 847 98.30 34.50
1971 159 4.10 10.60
1972 289 38.00 9.50
1973 232 14.70 5.20
1974 426 40.30 19.90
1975 196 7.90 3.20 4.50
1976 T26 36.70 29.30 62.70 12.50
1977 426 12.90 Q.30 13.90 22.80 5.80
1978 449 9.90 14.80 12.60 24.20 6.70
1979 800 16.90 25.50 18.60 50.80 13.90
1980 271 2.90 6.70 10.20 11.40 2.90
1981 557 9.20 16.60 74.20 32.40 11.00
1982 269 3.90 B.00 2.50 15.40 4,70
1983 534 15.20 17.60 095.10 61,20 11.90
1984 108 0.90 3.60 0.40 4.30 1.
1985 581 17.00 28.80 8.30 34 40 10.70
1986 257 .80 4.10 1.20 14.20 4.10
1987 201 3.60 ©.30 0.40 8.40 2.50
1988 324 13.10 1520 16.80 22.80 5.10
1989 3.30 6.0 6.10
1900 1.90

Myers and Cadigan 1993a,b 1993



Conclusion from examination of
research surveys

e Strong density-dependence at the juvenile
stage.

e More eggs => more recruits

Myers and Cadigan 1993a,b 1993, and updated analysis



What is the most important
challenge in managing the worlds
cod stock?

* Decline In recruits per spawner over time.



Spawning stock and recrultment
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Recruitment at age 3 million

What Is going on with the Iceland
Cod, and why It Is so Important?
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Why Is there a loss of productivity

In Iceland cod?
Chance - long-term changes in physical
environment
Long-term changes in species interactions
Loss of BOFF’s (Big Old Fat Females)
Loss of suppopulations
Genetic changes within a population

Depensation (higher mortality at lower
spawner abundance).



Long-term changes in physical
environment

 The marine environment varies over the
long term, e.g. survival may be relatively
high for 10 years and then relatively low
for 10 years, this type of environmental
variability makes it difficult to distinguish
other important causes of survival
variability from noise.



Why Is there a loss of productivity
In Iceland cod?

Chance — long-term changes in physical

environment

Long-term changes in species interactions

Loss of BOFF’s (Big Old Fat Females)

Loss of suppopulations

Genetic changes within a population

Depensation (higher mortality at lower
spawner abundance).



Multiple stable states in ocean food
webs: a hypothesis

Predator dominates

Prey dominates

Walters and Kitchéll
Can. J. Fish. Ag. Sci.

Fisheries

Swain DP, Sinclair AF (2000)




Herring-cod Iinteraction in the
Gulf of St. Lawrence
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Why Is there a loss of productivity

In Iceland cod?
Chance — long-term changes in physical
environment
Long-term changes in species interactions
Loss of BOFF's (Big Old Fat Females)
Loss of sup-populations
Genetic changes within a population

Depensation (higher mortality at lower
spawner abundance).



Why Is there a loss of productivity

In Iceland cod?
Chance — long-term changes in physical
environment
Long-term changes in species interactions
Loss of BOFF’s (Big Old Fat Females)
Loss of sup-populations
Genetic changes within a population

Depensation (higher mortality at lower
spawner abundance).
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Why Is there a loss of productivity

In Iceland cod?
Chance — long-term changes in physical
environment
Long-term changes in species interactions
Loss of BOFF’s (Big Old Fat Females)
Loss of sup-populations
Genetic changes within a population

Depensation (higher mortality at lower
spawner abundance).



Should we expect evolutionary changes in wild
harvested fish?

* Fishing mortality rates are often 2- Cod length at age, 1971-1998
3x natural mortality ’

o Strongly size-selective

 Declines in size at age and age at
maturity have frequently been
observed in wild harvested fish

» Life history evolution occurs rapidly
In the wild

— Guppies (Reznick et al. 1990)

— Salmon (Quinn et al. 2001; Hendry from Sinclair et al. 2002
2001)

— Grayling (Haugen and Vollestad
2001)

Yea



Ecology of Menidia menidia

e Distributed from PElI,
Canada to Florida

e Typical marine life
history traits

 Annual life cycle




Design of fishing experiment

e Six populations founded from large

gene pool of NY fish Lene

e Fed ad libitum throughout life harvested

e “Recruitment” standardized to
1,100 fish at juvenile stage

« 3 Harvest regimes applied on day Random
190 ~one month before maturity fishery

— atypical fishery (largest

90%) Small
harvested
— harvested randomly (random
90%)

length

— counter to the typical fishery 7]- harvested sizes

(smallest 90%)




Size
frequency
distributions
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Wet weight (g)

Size trajectories after 4
generations
of selection

e Small
harvested

B random
fishery
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fishery

85 105 125 145 165 185
Age (days)



Possible conseqguences of
overfishina:lower larval survival
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Possible conseqguences of
overfishina:lower larval survival
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Possible conseqguences of
overfishing: poorer foraging
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Possible consequences of
overfishing: decreased larval size
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Possible conseqguences of
overfishina: chanaed fish shape
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Possible conseqguences of
overfishing: lower growth
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Why Is there a loss of productivity

In Iceland cod?
Chance — long-term changes in physical
environment
Long-term changes in species interactions
Loss of BOFF’s (Big Old Fat Females)
Loss of suppopulations
Genetic changes within a population

Depensation or the Allee effect (higher
mortality at lower spawner abundance).



Depensation or the Allee effect

e Single species depensation or the Allee
effect does not appear to be a strong
explanation for the observations because
of the strong time trends In survival.

It may be important for sup-populations,
that have been reduced to very low levels.



The need for meta-analysis

 \We need a meta-analysis of all the data In
the North Atlantic. The loss of fithess for

Iceland cod is an incredibly important
ISsue.

| could give you a progress next summer,
we will hold an international meeting of the
Future of Marine Animal Populations here.



Conclusion

e Recruitment will decline in the short term If
overfishing of the spawners occurs.

* There are bad long-term consequences of
reduction In spawners, e.d. loss of sup-
populations, genetic changes, and loss of
Big Old Fat Females.
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