APPENDIX C

NATURAL MORTALITY

Background

In [1] Dr Kristjansson states that fisheries scientists use a ‘likely’ value for natural mortality (M) that is commonly assumed to be 0.2 for all ages which have recruited into the fishery and argues that M must be variable.

Comment

Clearly, stock assessments depend upon the accurate estimation of natural mortality.  Most estimates of the rate of natural mortality in fish populations have been derived from age-frequency data or by mark-recapture methods.  Over the years, systematic studies have investigated the association between natural mortality and certain life-history traits.  By and large, these studies have produced similar natural mortality predictions to estimates based on population dynamic measurements (c.f. figure 3 in [2]); namely, M ~ 0.2 for North Sea cod and M ~ 0.1 for North Sea plaice.

In addition, extensive studies of predator diet in the Arctic [3], Baltic [4] and North Sea [5] have been incorporated into multi-species stock assessments to estimate natural mortality due to predation.  In the case of the North Sea, for example, the inclusion of time-varying natural mortality in the stock assessments has not changed the perception of the historical trends in spawning stock biomass and fishing mortality for those stocks investigated.

There have been neither multi-species studies nor multi-species assessments in the Irish Sea.  However, one may investigate the consequences of incorporating hypothetical changes to the estimates of natural mortality used in the standard single species stock assessments for Irish Sea stocks.  Two scenarios are presented:

Scenario 1: incorporating multi-species estimates of natural mortality-at-age into the stock assessments for two gadoid stocks in the Irish Sea – cod and haddock

To re-iterate, multi-species estimates of natural mortality are not available for Irish Sea stocks but estimates are available for corresponding stocks in the North Sea and Skagerrak (ICES CM 2004/ACFM:07).  These estimates have been applied to the stock assessments of Irish Sea cod and haddock to illustrate the sensitivity of the current Irish Sea stock assessments to potential changes in natural mortality-at-age.  The results are displayed in the Figures 1-2 of this Appendix C. The lay-out of these figures, and that of the subsequent Figures 3-4, is as follows:

Panel A
Panel B

Panel C
Panel D

Panel E
Panel F

The time series of estimated recruitments are given in Panel A, the estimated biomass in Panel B, the estimated spawning stock biomass in Panel C and the estimated fishing mortalities in Panel E.  Panel D shows a graph of recruitment versus spawning stock biomass.  Lastly, Panel F shows both the assumed natural mortality and maturity at age.  Biological reference points (BRPs), as adopted by ICES, are shown in the Panels C, D and E.

To summarise these results, for both Irish Sea cod and haddock, the time series estimates of spawning stock biomass (SSB) and mean fishing mortality (F) are little changed by incorporation of the North Sea  multi-species estimates of natural mortality-at-age into the Irish Sea assessments.  This is as one would anticipate given that the reference ages for the fishing mortality are ages 2-4 and the substantial potential changes in the natural mortality based upon multi-species considerations occur at ages 0 and 1, in the illustrative example.

Scenario 2: inflating the constant assumption of natural mortality-at-age

Doubling the assumed value of natural mortality from 0.2 to 0.4 has been applied to the stock assessments of Irish Sea cod and haddock to illustrate the sensitivity of the current stock assessments to such a change in natural mortality-at-age.  The results are presented in the Figures 3-4 of this Appendix C.  To summarise, increasing natural mortality by a factor of 2 results in a decrease in fishing mortality of 0.2 and a resultant increase in the estimate of spawning stock biomass, for both stocks.  The current BRPs adopted by ICES are still appropriate even with a doubling of the natural mortality and the current levels of fishing mortality on these stocks are still too high.

For the examples considered, the current BRPs adopted by ICES still appear appropriate and current levels of fishing mortality are still too high, even with a doubling of the natural mortality.

Conclusion

The development of multi-species models is important for the development of an ecosystem approach to fisheries management.  However, for the present, the inclusion of time-varying natural mortality in single species and multi-species stock assessments has not changed the perception of the historical trends in spawning stock biomass and fishing mortality.  Furthermore, single species and multi-species stock assessment models tend to give similar short-term forecasts.

Reference

[1]
Management of cod and haddock in the North Sea.  Report produced for the Scottish White Fish Producers Ltd., March 2003.

[2]  Myers, R.A. and Doyle, R.W. (1983).  Predicting natural mortality rates and reproduction-mortality trade-offs from fish life history data.  Can. J. Fish. Aquat. Sci., 40:612-620.

[3]  Report of the Arctic Fisheries Working Group.  ICES CM 2003/ACFM:22.

[4]  Report of the Study Group on Multi-species Assessments in the Baltic.  ICES CM 2003/H:03.

[5]  Report of the Study Group on Multi-species Assessments in the North Sea.  ICES CM 2003/D:09.

[image: image1.wmf]Irish Sea Cod

Recruitment

0

10000

20000

30000

40000

50000

60000

70000

1968

1973

1978

1983

1988

1993

1998

Age 0 (000's)

M = 0.2 all ages

M = NS cod M

SSB

0

5000

10000

15000

20000

25000

1968

1973

1978

1983

1988

1993

1998

tonnees

M = 0.2 all ages

M = NS cod M

Fishing Mortality

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1968

1973

1978

1983

1988

1993

1998

mean F 2-4

M = 0.2 all ages

M = NS cod M

Recruitment

0

10000

20000

30000

40000

50000

60000

70000

0

5000

10000

15000

20000

25000

SSB (tonnes)

Age 0 (000's)

M = 0.2 all ages

M = NS cod M

Biomass

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

1968

1973

1978

1983

1988

1993

1998

tonnees

M = 0.2 all ages

M = NS cod M

Natural Mortality at Age

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0

1

2

3

4

5

6

7

Age

Natural Mortality

0

0.2

0.4

0.6

0.8

1

1.2

Maturtiy

M = 0.2 all ages

M = NS cod M

Maturity

Figure 1.

[image: image2.wmf]Irish Sea Haddock

Recruitment

0

100000

200000

300000

400000

500000

600000

700000

800000

1993

1995

1997

1999

2001

Age 0 (000's)

M = 0.2 all ages

M = NS had M

SSB

0

1000

2000

3000

4000

5000

6000

7000

1993

1995

1997

1999

2001

tonnees

M = 0.2 all ages

M = NS had M

Fishing Mortality

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

1993

1995

1997

1999

2001

mean F 2-4

M = 0.2 all ages

M = NS had M

Recruitment

0

100000

200000

300000

400000

500000

600000

700000

800000

0

1000

2000

3000

4000

5000

6000

7000

SSB (tonnes)

Age 0 (000's)

M = 0.2 all ages

M = NS had M

Biomass

0

2000

4000

6000

8000

10000

12000

1993

1995

1997

1999

2001

tonnees

M = 0.2 all ages

M = NS had M

Natural Mortality and Maturity at Age

0

0.5

1

1.5

2

2.5

0

1

2

3

4

5

Age

Natural Mortality

0

0.25

0.5

0.75

1

Maturity

M = 0.2 all ages

M = NS had M

Maturity

Figure 2.

[image: image3.wmf]Irish Sea Cod

Recruitment

0

5000

10000

15000

20000

25000

30000

35000

1968

1973

1978

1983

1988

1993

1998

Age 0 (000's)

M = 0.2 all ages

M = 0.4 all ages

SSB

0

5000

10000

15000

20000

25000

30000

1968

1973

1978

1983

1988

1993

1998

tonnees

M = 0.2 all ages

M = 0.4 all ages

Fishing Mortality

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1968

1973

1978

1983

1988

1993

1998

mean F 2-4

M = 0.2 all ages

M = 0.4 all ages

Recruitment

0

5000

10000

15000

20000

25000

30000

35000

40000

0

5000

10000

15000

20000

25000

30000

SSB (tonnes)

Age 0 (000's)

M = 0.2 all ages

M = 0.4 all ages

Biomass

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

1968

1973

1978

1983

1988

1993

1998

tonnees

M = 0.2 all ages

M = 0.4 all ages

Natural Mortality at Age

0

0.25

0.5

0.75

1

0

1

2

3

4

5

6

7

Age

Natural Mortality

0

0.2

0.4

0.6

0.8

1

1.2

Maturtiy

M = 0.2 all ages

M = 0.4 all ages

Maturity

Figure 3.

[image: image4.wmf]Irish Sea Haddock

Recruitment

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

1993

1995

1997

1999

2001

Age 0 (000's)

M = 0.2 all ages

M = 0.4 all ages

SSB

0

1000

2000

3000

4000

5000

6000

7000

1993

1995

1997

1999

2001

tonnees

M = 0.2 all ages

M = 0.4 all ages

Fishing Mortality

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

1993

1995

1997

1999

2001

mean F 2-4

M = 0.2 all ages

M = 0.4 all ages

Recruitment

0

10000

20000

30000

40000

50000

0

1000

2000

3000

4000

5000

6000

7000

SSB (tonnes)

Age 0 (000's)

M = 0.2 all ages

M = 0.4 all ages

Biomass

0

1000

2000

3000

4000

5000

6000

7000

8000

1993

1995

1997

1999

2001

tonnees

M = 0.2 all ages

M = 0.4 all ages

Natural Mortality and Maturity at Age

0

0.25

0.5

0.75

1

0

1

2

3

4

5

Age

Natural Mortality

0

0.25

0.5

0.75

1

Maturity

M = 0.2 all ages

M = 0.4 all ages

Maturity


Figure 4.

