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Segmented regression trial runs for Northeast Arctic cod

A few exploratory segmented regression analysis were performed for Northeast Arctic cod,

using input data from the last assessment (ICES CM 2002/ACFM:18). 

First SSB-R pairs from the converged  part of the full XSA time series (1946-1998), without and with cannibalism, was used as input. The segmented regression with cannibalism gave a change point of 274 000 t., which is similar to the result obtained by O’Brien and Maxwell (2002). The run without cannibalism resulted in a somewhat lower change point (224 000 t) . The main reason for this is that when cannibalism is excluded from the XSA, the recruitment values for the SSB-R pairs in mainly the right part of the SSB-R plot (high SSB) are reduced, and the change point is shifted to the left (Fig. 1). Leaving out year classes 1963, 1964 and 1970 gave change points of 321 000 t and 299 000 t with and without cannibalism.

Then runs, restricted to the part of the time series with stomach data (1981-1998), was performed, both with and without cannibalism included. The resulting change points were higher than the corresponding for the whole time series (Fig. 2). The slope of the regression line is reduced and the change point is shifted to the right, indicating that recruitment starts to get impaired for higher SSB-values than in the past. Also for this option the run with cannibalism gave the highest change point.

	
	Julious algorithm

	Inputdata
	S*
	â
	R*
	SSQ

	2002 Ass. 1946-1998, R/SSB, no can.
	224482
	2.35
	526716
	19.8

	2002 Ass. 1946-1998, R/SSB, can.
	274384
	2.21
	607322
	19.3

	2002 Ass. 1980-1998, R/SSB, no can.
	294654
	1.68
	494696
	2.8

	2002 Ass. 1980-1998, R/SSB, can.
	339048
	1.83
	621140
	2.4


Also some runs were performed using the number of 7 years and older cod (7+) and 8 years and older cod (8+) as a proxy for the spawning stock/spawning potential. The resulting change points were about 85 and 18 million fish for 7+ (Fig. 3) and 8+ (Fig. 4), respectively. The differences between runs using the whole time series and only the last part, and between  runs with and without cannibalism included, were relatively small. The lowest values were obtained with the reduced time series without cannibalism, while the highest change point values were in most cases obtained with the full time series with cannibalism included. 

	
	Julious algorithm

	Inputdata
	S*
	â
	R*
	SSQ

	2002 Ass. 1946-1998, R/7+, no can.
	87299
	5.9
	517545
	21.6

	2002 Ass. 1946-1998, R/7+, can
	87664
	6.3
	549566
	21.6

	2002 Ass. 1980-1998, R/7+, no can.
	71908
	6.5
	469869
	2.7

	2002 Ass. 1980-1998, R/7+, can.
	85946
	7.0
	603016
	2.6

	2002 Ass. 1946-1998, R/8+, no can
	17592
	27.8
	488222
	23.4

	2002 Ass. 1946-1998, R/8+, can
	18586
	28.0
	520592
	23.6

	2002 Ass. 1980-1998, R/8+, no can.
	15552
	27.6
	431624
	4.0

	2002 Ass. 1980-1998, R/8+, can.
	19204
	28.0
	537891
	4.5
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Figure 1. SSB-recruitment values for NEA cod 1946-1998 from the 2002 assessment, with and without cannibalism for the 1981-1998 year classes, and corresponding segmented regression lines. Broken vertical lines connect similar year classes estimated with and without cannibalism.
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Figure 2. SSB-recruitment values for NEA cod 1981-1998 with cannibalism (2002 assessment), and the corresponding segmented regression line. 
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Figure 3. N 7+/recruitment values for NEA cod 1946-1998 without cannibalism (2002 assessment), and the corresponding segmented regression line.
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Figure 4. N 8+/ recruitment values for NEA cod 1946-1998 without cannibalism (2002 assessment), and the corresponding segmented regression line.
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Feuil1

		Stock :		NEA cod																0		0

																		Graph 1		224482		526716

		Inputs in yellow cells																max x		1200000		526716

		NEA cod		Julious																0		0

				â		R*		S*				ssq		F value		p-value		Graph 1		274384		607322

		2002 Ass. NC		2.350		526716		224482				1.41		4.98		0.040		max x		1200000		607322

		2003 Ass. WC		2.21		607322		274384

				Graph1								Graph2

		YEAR		SSB		RNC		RWC		Label		year		S*		SSQ

		1946		1112776		468348		468348		46		1991		122298		0.3360585

		1947		1165059		704908		704908		47		1992		121081		0.3807892

		1948		1019114		1083753		1083753		48		1993		105972.8		0.350982

		1949		729879		1193111		1193111		49		1994		113453.6		0.3788987
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		1986		170219		172786		172786		86

		1987		118247		242748		242748		87

		1988		201850		408093		411773		88

		1989		193794		700256		720655		89

		1990		339048		758583		893685		90

		1991		672212		516200		806991		91
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cod46-98

		YEAR		SSB		R

		1946		1112776		468348

		1947		1165059		704908

		1948		1019114		1083753

		1949		729879		1193111

		1950		615339		1590377

		1951		568705		641584

		1952		520599		272778

		1953		396417		439602

		1954		429694		804781

		1955		346919		496824

		1956		299823		683690

		1957		207840		789653

		1958		195377		916842

		1959		432489		728338

		1960		383479		472064

		1961		404228		338678

		1962		311678		776941

		1963		208207		1582560

		1964		186570		1295416

		1965		102315		164955

		1966		120722		112039

		1967		129784		197105

		1968		227215		404774

		1969		151870		1015319

		1970		224482		1818949

		1971		311662		523916

		1972		346511		621616

		1973		332913		613942
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		1975		142028		638490
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		1977		341385		137734
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		1981		166925		397414
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		1984		251077		270605

		1985		193455		202899

		1986		170219		172786

		1987		118247		242748

		1988		201850		408093

		1989		193794		700256

		1990		339048		758583

		1991		672212		516200

		1992		867293		306484

		1993		728599		252286

		1994		597228		476396

		1995		497714		579155

		1996		569105		442602

		1997		564434		531479

		1998		385410		454660
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		YEAR		SSB		R

		1946		1112776		468348

		1947		1165059		704908

		1948		1019114		1083753

		1949		729879		1193111

		1950		615339		1590377

		1951		568705		641584
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		1960		383479		472064

		1961		404228		338678

		1962		311678		776941

		1963		208207		1582560

		1964		186570		1295416

		1965		102315		164955

		1966		120722		112039

		1967		129784		197105

		1968		227215		404774

		1969		151870		1015319

		1970		224482		1818949

		1971		311662		523916

		1972		346511		621616

		1973		332913		613942

		1974		164491		348054

		1975		142028		638490

		1976		171238		198489

		1977		341385		137734

		1978		241536		150865

		1979		174699		151821

		1980		108253		166793

		1981		166925		397650

		1982		326131		523306

		1983		327176		1035454

		1984		251077		286148

		1985		193455		204602

		1986		170219		172786

		1987		118247		242748

		1988		201850		411773

		1989		193794		720655

		1990		339048		893685

		1991		672212		806991

		1992		867395		657537

		1993		729229		432544

		1994		599519		702402

		1995		498092		819138

		1996		570175		521661

		1997		564544		579764

		1998		385842		462355
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		YEAR		SSB		RWC		RNC		Label		year		S*		SSQ

		1981		166925		397650		397414		81		1989		122298		0.3360585

		1982		326131		523306		523102		82		1990		121081		0.3807892
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cod81-98with cann

		YEAR		SSB		R

		1981		166925		397650

		1982		326131		523306

		1983		327176		1035454

		1984		251077		286148

		1985		193455		204602

		1986		170219		172786

		1987		118247		242748

		1988		201850		411773

		1989		193794		720655

		1990		339048		893685

		1991		672212		806991

		1992		867395		657537

		1993		729229		432544

		1994		599519		702402

		1995		498092		819138

		1996		570175		521661

		1997		564544		579764

		1998		385842		462355






