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Primary production on the Faroe Shelf and its influence on cod

Petur Steingrund
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Introduction

The primary production on the Faroe Shelf ecosystem (< 130 m depth) may fluctuate by a factor of 5. In this working document, I highlight the consequences of primary production on cod growth – longline catchability – and fishing mortality.

Results

The fishing mortality of Faroe Plateau cod is inversely related to the primary production (Fig 1). The longliners usually take the majority of the catch (Table 1) and they contribute most to the total fishing mortality. The partial F for the longliners is not a result of effort but of catchability, that fluctuates inversely to the primary production (Fig. 2, Fig. 3). The longline catchability is inversely related to cod growth (Fig. 4), which is a result of the primary production.

This means that the primary production controls the longline catchability which again control the total fishing mortality and the catch.

(The quality of the longline CPUE series is best the latest years (Fig. 5)).

According to preliminary information, the primary production index for 2004 will be at about the same level as in 2003. If this is the case, it should be expected, that the fishing mortality will be on the same high level in 2004 as in 2003. The F-values for the short time prediction could be estimated accordingly (i.e. use the same fishing mortalities as in 2003). Alternatively the weights in 2004 could estimated first and then the fishing mortality (probably via the longline catchability).

Relationship between effort and fishing mortality

As mentioned earlier, this implies, that there is only a weak relationship between fishing mortality and effort (fishing days), but a strong relationship between fishing mortality and catchability. Since the environment (primary production) controls the catchability, there seems to be little scope for managers to control the fishing mortality by fishing days on short time scales (i.e. from one year to the next).

The cycles of the primary production last 5-10 years. Therefore the basis for fishing days should be evaluated on a similar time scale.

Input to the short term prediction (very speculative section)

Figure 2 and 5 show the relationship between weigth increase and fishing mortality. The the weights in 2004 were estimated from data during January-February 2004. The question is then whether the relationship in Fig. 2 between growth and fishing mortality may be used to predict the fishing mortality (ages 3-6) in 2004. If yes, the F3-6 for 2004 is 0.6.

Another question is wheter the the fishing mortality may be estimated from the index of primary production (Fig. 6). If yes, the F3-6 for 2004 is 0.57.

The cycles of primary production are not well understood yet. We know that special oceanografic conditions prevailed in April 1996 and in 2002 (when the drop-downs in primary production were observed). We also know that there is a negative correlation between abundance of adult Calanus finmarchicus in April and the primary production just afterwards in April-May. The mechanism may be grazing, i.e. Calanus grazes down the algae which constraints the spring bloom. Increased inflow of oceanic deepwater into the Faroe Shelf may thus transport increased numbers of Calanus and thus result in poor primary production and vica versa. If the grazing hypothesis is correct, predation of e.g. sandeels on Calanus may influence the primary production. Thus there may be a complex feedback loop between fish (primarily cod) – sandeels – adult Calanus finmarchicus in April – and primary production, since the primary production (in April-May) will affect abundance of Calanus nauplii and fish larvae (of e.g. cod and sandeel).

It seems clear, that it is very difficult to estimate the fishing mortality in 2004 and onwards. The result is very dependent upon the way the calculations will be done. If we take a three years average, we get F3-6 in 2004 to be 0.63 (average of 0.38, 0.67 and 0.85). If we take the latest year we get 0.85.

(The use of F3-6 in this working document does not mean that the reference F3-7 is abandoned. In the regressions, I omitted age 7 in order reduce the variability in the fishing mortality).
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Figure 1. Index of primary production and effect on fishing mortality (upper part) and longline catchability.
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Figure 2. Index of primary production and longline catchability.
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Figure 3. Fishing mortality as a result of longline catchability.
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Figure 4. Longline catchability as a result of fish growth.
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Figure 5. Effort of longliners as a measure of data quality of the longline CPUE series.

Table 1. Catch of Faroe Plateau cod by fleet (percents). Note that longliners take the majority of the catch, especially the later years. Bold figures indicate longliners.

	Year
	Open
	Longliners
	Singletrawl
	Gill
	Jiggers 
	Singletrawl
	Singletrawl
	Pairtrawl
	Pairtrawl
	Longliners
	Industrial
	Others 
	Total

	 
	boats
	<100 GRT
	<400 HP
	net
	 
	400-1000 HP
	>1000 HP
	<1000 HP
	>1000 HP
	>100 GRT
	trawlers
	 
	Round.weig

	1986
	9.5
	15.1
	5.1
	1.3
	2.9
	6.2
	8.5
	29.6
	14.9
	5.1
	0.4
	1.3
	34,492

	1987
	9.9
	14.8
	6.2
	0.5
	2.9
	6.7
	8.0
	26.0
	14.5
	9.9
	0.5
	0.1
	21,303

	1988
	2.6
	13.8
	4.9
	2.6
	7.5
	7.4
	6.8
	25.3
	15.6
	12.7
	0.6
	0.2
	22,272

	1989
	4.4
	29.0
	5.7
	3.2
	9.3
	5.7
	5.5
	10.5
	8.3
	17.7
	0.7
	0.0
	20,535

	1990
	3.9
	35.5
	4.8
	1.4
	8.2
	3.7
	4.3
	7.1
	10.5
	19.6
	0.6
	0.2
	12,232

	1991
	4.3
	31.6
	7.1
	2.0
	8.0
	3.4
	4.7
	8.3
	12.9
	17.2
	0.6
	0.1
	8,203

	1992
	2.6
	26.0
	6.9
	0.0
	7.0
	2.2
	3.6
	12.0
	20.8
	13.4
	5.0
	0.4
	5,938

	1993
	2.2
	16.0
	15.4
	0.0
	9.0
	4.1
	3.6
	14.2
	21.7
	12.6
	0.8
	0.4
	5,744

	1994
	3.1
	13.4
	9.6
	0.5
	19.2
	2.7
	5.3
	8.3
	23.7
	13.7
	0.5
	0.1
	8,724

	1995
	4.2
	17.9
	6.5
	0.3
	24.9
	4.1
	4.7
	6.4
	12.3
	18.5
	0.1
	0.0
	19,079

	1996
	4.0
	19.0
	4.0
	0.0
	20.0
	3.0
	2.0
	8.0
	19.0
	21.0
	0.0
	0.0
	39,406

	1997
	3.1
	28.4
	4.4
	0.5
	9.8
	5.1
	2.9
	4.8
	11.3
	29.7
	0.0
	0.1
	33,556

	1998
	2.4
	31.2
	6.0
	1.3
	6.5
	6.3
	5.5
	3.1
	8.6
	29.1
	0.1
	0.0
	23,308

	1999
	2.7
	24.0
	5.4
	2.3
	5.4
	5.2
	11.8
	6.4
	14.5
	21.9
	0.4
	0.1
	19,156

	2000
	2.3
	19.3
	9.1
	0.9
	10.5
	9.6
	12.7
	5.7
	13.9
	15.7
	0.1
	0.1
	21,793

	2001
	3.7
	28.3
	7.4
	0.2
	15.6
	6.4
	6.4
	5.2
	9.2
	17.8
	0.0
	0.0
	28,838

	2002
	3.8
	32.9
	5.8
	0.3
	9.9
	6.7
	6.6
	2.5
	7.2
	24.4
	0.0
	0.0
	38,347

	2003
	4.9
	28.7
	4.0
	1.5
	7.4
	3.0
	14.4
	2.2
	7.4
	26.5
	0.0
	0.0
	29,382

	Average
	4.1
	23.6
	6.6
	1.1
	10.2
	5.1
	6.5
	10.3
	13.7
	18.1
	0.6
	0.2
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Figure 5. Mean weigth increase for ages 3-6 and average fishing mortality for ages 3-6 by year. The weight increase in 2004 is predicted from longliner samples in January-February 2004. The fishing mortality for 2004 is predicted from the the weight increase in 2004 (linerar regression for years 1996-2003).
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Figure 6. Index of primary production and average fishing mortality for ages 3-6 by year. The primary production 2004-2006 is estimated according to Fig. 7. The fishing mortalities 2004-2006 are estimated from the primary production.
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Figure 7. The increase in primary production after the last drop (local minimum).
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