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Abstract

The paper describes a model of calculating indices of attachment of fish stock to fisheries
zones based on biological parameters. Input data are weight by age, mortality rate and the
percentage area distribution of an "average" year class of the stock throughout its lifespan.

‘ The model calculates indices of biomass distribution and biomass production by area on a per
recruit basis for any predetermined stage of life (age groups, spawners, etc.). Assuming that
these indices of an average year class throughout its lifespan equal the sum of the respective
indices of all year classes in one year, the calculated indices can be used as keys in allocating
catch quotas of joint stocks to fishery zones. The model is implemented on a spread sheet
(Excel) and data of the northern blue whiting stock are used as an example.
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I. Introduction
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Thé estabhshment of the exclusive economic zones involved extended nghts of ownershlp and
management responsrbllmes of the fish resources to the coastal states. This is verified in the
Law of the Sea, which in general terms expresses the view that the coastal states should be
entitled to a quota share proportroned to the share of the stock distribution wrthm the
economic zone of the states When a stock occurs w1thm the zones of two or more coastal
states, the Law suggests that the states should seek to agree upon measures necessary to
coordinate and ensure the conservation and development of the stock. Two different principles
have been adopted as basis for sharmg of Jomt fish resources, (a) hrstoncal ﬁshmg
performance and (b) zonal attachment, based on b1010g1ca1 cnterla The aim of this paper is
to describe and discuss méthods of quantlfymg criteria of zonal dttachment based on
biological parameters. f
’ |
I. Zonal attachment l
Refemng to the estabhshment of the 200 milés exclusrve economic zones, ICES pubhshed
in 1978 an extensive report on brologlcal data of rmportance for zonal attachment of fish
resources in the ICES reglon (Anon. 1978). Provided that a total allowable catch (TAC) of
the stock was set, the report suggested that the followmg blologrcal criteria could form the
basis for calculating sub-quotas for different zones: !

1. The occurrence and mrgratlon of the fishable part of the stock.
2. The occurrence of juvenile and pre-recruit fish.
3. The spawning areas and the distribution of eggs and larvae.

1
In addmon the h1story of the ﬁshery mcludmg the dlstnbutron of catch, and the state of

explortanon shou]d be taken into account when negotlatrng the quota sharing « of Jornt stock
The report gives, however, no gurdance as to how the different factors should be quantlﬁed
werghed and added mto an overall formula for ca]culatmg the respectrve sub-quotas of the
zones. It only states that mformatron of this type should form the basis of negotiation for a

long-terrn proportional allocation of the TAC. 3
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Intérnational workmg groups have in later years updated the mformatron and added new
stocks to the list of shared ﬁshery resources in the ICES area. In the late 1970°s Norway and
EC estabhshed workmg groups to deal with the Jomt 'North Sea stocks (Anon. 1979, Anon.
1986) and a group of scientists from Norway, EC and Iceland considered the problems of
quota sharmg of capelm in the Iceland Greenland-Jan Mayen area (Anon. 1983). The
Norway/EC Working Group did not propose any quantltatrve deﬁmuon of the term zonal
attachment, but expressed the view that in the apphcatron of the criteria, main emphasrs
should be glven to the distribution of the fishable part. 'of the stocks The state of exploitation
was taken into account when Norway and EC agreed on the quota shanng of the North Sea
herring stock. Acknowledgmg that the juvenile herrmg is distributed in the EC zone mmnly,
whereas the adults spawn in the EC zone and mlgrate to the Norwegian zone for wmtenng,
the parties agreed on a sliding scale giving Norway a’ larger share when the spawnmg stock
is relatively big (low exploitation rate). This was a step in the direction of calculating an
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index of zonal attachment taking into account the state of exploitation.

" In the quota sharing of the capelin stock in the Iceland-Greenland-Jan Mayen area a discrete
model for calculating the zonal attachment was used for the first time. In this model the
occurrence of the stock by zone is defined as the distribution of stock biomass times the
length of the period a year-class, on an average, occurs in the respective zone during its
lifespan. Assuming that the sum of these indices of a year class throughout its lifespan, equals
the sum of the corresponding indices of all year classes in one year, the total index was .
calculated from data on stock destribution by age, weight by age and mortality rate.

The model of biomass distribution by zones.

The biomass distribution (B) of a year class at age (t) in an area (i) is given by the equation:

Bi=p:-Ro- e-.Zt

where R, is number of recruits at age 0, Z is the total instantaneous mortality rate, w, is the
weight at age t and p, is the percentage of biomass present in the area (i) at age t. The
equation is valid for any time unit t (year, half year, quarter, month etc.), which may be
chosen according to seasonal migration pattern of the stock in relation to zones and in
according to available data on p.

The total biomass distribution in area (i) is the sum of biomass from all periods (time units)
the year class occurs in the area B,

Bi':RO'Epit'Wt'c-Zt

The percentage share (Pi) of the total biomass distribution (13) in the area (i) is:
P, = (B,/ B) - 100 = ((Zpy - W, - €%) / (EW, - €%)) - 100

When W and p are known, the model calculates an index of relative biomass distribution by
area as a function of the mortality coefficient Z = F + M, where F and M are the fishing and
natural mortality -coefficients respectively. This index may be defined as an index of
biological attachment to economic zones in which the state of exploitation has been taken into
account. The model is implemented on a spread sheet as shown in Table 1, using data from
the blue whiting stock as an example.
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Biomass production by zones.
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Another suggested index for biological attachment to zones is the growth in biomass when
the stock is present in the zone (Engesxter 1992). Such a biomass production index (b,) can
be modelled in a similar way as the model of biomass dlstnbutlon .

bxt = Ro it * ( -Z(M) Wi - - g% Wt) = Ro Pit (e Wt+1> "Wt)

The total biomass production (b, is:

RO ZPIK (e‘z ;Wt+l Wl) . .
where the biomass is summed for the periods when _'the stock is present in the area (i) and '
when (€% - W,,, - W) > 0. The percentage share is t}'ren:

P,= (b/b) - 100= (Sp, - €% - (6% Wm W)/ 5e® - (¢ Wyi - W) - 100
E s

| |
when b is the sum of the biomass production from the area as a whole. The impléementation

of this model is illustrated in Table 2.
i

Biological attachment of the blue whiting stock. |

s .
Data of the northern blue whiting stock has been chosen as an example of applxcauon In ‘
order to take care of the seasonal spawmng mlgratlon, one quarter of a year is used as time '
unit, and data on seasonal distribution of a year class on zones by age and quarter are derived
from various sources (Bhndherm and Monstad 1981 Monstad 1990, reports of the Blue
Whiting Worklng Group). A map of the relevant economic zones is shown in Fig. 1. Data on
weight by age and mortahty rates are derived from the Workmg Group reports 1990-1992.
The figures applied are subjected to the author’s Judgement of available information, and the
results should therefore be taken as an example of the model only.
The model is 1mplemented on a spread sheet as shown in the table of biomass distribution
(Table 1), and biomass productlon (Table 2). The two first columns refer to age and quarters
and the calculatwns are made on an input number of 100 individuals (column 3). The further
columns to the right show 1nput data of natural death and fishing mortality on a yearly basis,
and the total death by quarter is calculated in column 6. The welght by age is entered in

column 7, and the biomass by age and the increase/decrease in biomass by age between
quarters are calculated and given in column 9 (Table 1) and 9 and 10 respectively (Table 2).
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These ﬁgures are allOCated to zones (columns l6 to l9) according to the percentage brOmass
distribution as ngen in columns 11to 14 (12 to 15 in Table 2). Itis assumed that there is no

: change in the mrgratton pattern after age 6, and the older a age groups can therefore be handled

together as plus-group. The number N,, in this plus-group is calculated as:
Nt+ = Nt /( 1 - é-z)

where Z is the average total mortahty on age group older than t. Wt+ is Judged from data of

the Blue Whmng Workmg Group reports, 1990-1992.

The calculated bromass distribution and increase in biomass by zones are summed by
quarters and the percentage bromass by zones are ‘calculated and shown in the rows at the
bottom of the Tables 1 and 2. In Summing the indices of biomass productron the figures with
negative values are omitted.

Ap’pllcaﬁon of the model.

In general, the model may be used as a tool to quanttfy brologlcal criteria for establtshmg
catch allocation keys of shared fish specres In addition to the two vital stock parameters
Welght by age and instantaneous mortalrty rate, an mput parameteér of stock drstnbutton by
age is required. This parameter is quanuﬁed in relative terms only (percent) and may be
derived from general knowledge of stock distribution and mlgratton pattems of the fish. For
mlgratory species such as blue whiting, the fish normally change their distribution pattern
when reachmg sexual maturlty, and the adults undertake seasonal mlgratmns between feedmg
biomass distribution by areas or zones and can be s1mulated if the 1nput parameters are
available by the relevant seasons. In the case of blue whiting parameters by quarters seem to
be sufficiently detmled to simulate the relevant feature of the 11fe history of fish.

The effect of fishmg is srmulated by altermg the ﬁshmg mortallty F. By mcreasmg F
stepwrse, the model simulates the biomass distribution (and productton) of the stock in a
steady state for the respective level of explortanon In general a hlgh F favours the share of
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the EC zone, the Faroes zone and the rematmng part of the dtstnbutlon area which includes
Iceland, Jan Mayen and 1nternat10nal waters In the present state of explortatron (F=.2), the
calculated mdrces of relative occurrence are 35%, 33%, 19% and 13% in the four zones
respectively by 1ncreasmg the explortatton, the Norweglan share, which consists of juveniles
mainly, wﬂl increase at the cost of all the other zones, especxally the International-Iceland-
Jan Mayen zone, which is inhabited by the older age groups only The EC and the Faroes
zones are less ‘affected because these Zones contam both immature and adult fish. The
correspondmg index of blomass produchon gtves a hlgher share to Norway at the present
level of F (42%), but the percentage share of productJon decreases slightly with increasing
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F. The biomass produchon indéx of the EC-zone 1s low because the zone represents the
spawning area, in which the growth in biomiass i is negauve The blomass production mdex
docs however, favour the share of the Intemanonal Iceland Jan Mayen zone compared to the

R
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Column 10 (T able 1) glves space for a weighting factor K which enables the user to gtve
different weights to the various stages of life and areas (juveniles-adults, spawning area-
feeding area). In considering the zonal attachment of the North Sea stocks, the Norway-EC
Working Group expressed the view. that 1n applying the various criteria of blologrcal
attachment, the main emphasis should be given to the fishable stock. An illustration of giving
double welght to the adult blue wh1t1ng stock is shown i in Flgure 3. As expected this would
increase the share of EC and"Other" at the cost of the share given to Norway, depending on
the exploitation rate. At the present state of explortatxon the Norwegian share of biomass
dlStl‘lbutlon would be reduced from 35% to 29%, whereas the reduction in the share would
be less on a higher level of exploitation (53% to 50%) The option has, however, little effect
on the biomass production indices. ;
. i
This example of appllcatton may 1llustrate how the model can be used to translate polmcal
agreements on quota sharing into statistical terms. |
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For further explanation,. see:text..

Ca]cu]atwn sheet (Excel) of biomass distribution by economlc zones of blue whiting.

A:Norwayl:- B.EC. |H:Faroe|G-E-:Other -
Biomass. :
1 2 3 4 le] 7 8 9 10 11 12 13 14: 15 16 17 18 19 20
Age - |Quarter. N.- M- Z W. IN*(1-exp(-2))] N°*W. |K-factol™- %-A %-B-| %H | %G-E-1] Sum A B8 H- G-E-l sum |
0 4 100.0] 0.2 0,05 50 . 4,88 5000 1 80 35 15 100 2500] 1750 750 0 5000
1 1 95.1] 072 0.05 60 4,64 5707 ] &0 25 15 100 3424|: 1427 856 0 5707]
) 2 90.5] 072 0.05 70 4,41 6334) 1 &0 25 15 100 3800] 1583 950 0 6334|:
1 3 861 02 0.05 85 4,20 7316 1 &0 25 15 100 4390 1829 1097 0 7316
1 4 81.9] 0.2 0.05 90 © 39 7369 ] &0 25 15 100 4421 1842] 1105 0 7369}
2 1 71.91- 0.2 0.05 90 3,80 7009 1 &0 25 15 100 4206 1762] 1051 0 7009
2 2 7411 0.2 0.05 95 3,61 7038 1 &0 20 15 5 100 4223 1408] 1056 352 7038]"
2 3 70.5{. 072 0.05 105 3,44 7399 1 &0 20 15 5 100 4440 1480} 1110 370 7399}
2 41 6100 0.2 005 110 3,27 7374 1 50 20 25 5 100 3687 1475| 1843 369 7374
3 1 6381 02 0.05[ 110 an 7014 ] 5 85 10 100 3511 6962 701 0 7014}
3 2 607 0.2 0,08 90 2.96 5459 ] 10 60 25 5 100 546].  3275]° 1365 273 5459
3| 3 5171 0.2 0,05]. 130 2.81 7500 1 40 10 25| 25 100 3000 760| 1875 1875 7600
3 4 5491 0.2 0.05 140 2.68 7683 1 40 15 25 20 100 3073|- 11583 1921 1637 7683|
4 1 5§22 02 0.05 140 255 7309 | 5 85 10 100 365 6212 731 0 7309
4] 2 4971 072 0.05 110 2,42 5462 ] 10 60 25 5 100 546[-  3277] 1366 273 5462)-
4 3 472 02 0.05 160 2.30 7658 1 35 5 25 KE) 100 2645]- - 378] 1889 2645 7558
4 4 449 072 0.05] 170 219)- 7639 ] 30 5 30 35 100 2292 382 2292 2674 7639|
5 1 4271 02 005/. 160] .. ..._ 208|__ 6839} - .1| —— 5| -~ 85| «-10} ~—+—— - | —100| ——— 342 -— 5813| — 84| ————— 0]~~~ 6839} -
5 2 40.7] 02 0.05 130 1.98] 6285 ] 10 50 25 16 100 8291  2643] 1321 793 5288]:
5 3 387 02 0.05. 190 1,89 7348|- 1 30 5 25 40 100 2204 367{ 1837 2939 7348|:
[ 4 368} 02 0.05f 200 1.79 7358 ] 25] - 5 30 40 100 1839 368 2207 2943 7358
6+]- 1 1930 02 0.05 200 9,42 38610 | 5 85 10 100 1930 32818]: 3861 0 38610
6+ 21 1836]: 0.2|° 0.05 160 8,96 29381 1 ) 40 25/ - 30 100 1469 117583]- 7345 8814|. 29381
o+ 3- 17471 0.2 0.05 190 8,52 33189 ] 25 5 20| 50 100 82971 - - 1659]- 6638 16594] 33189
[ 4 1662 02 005/ 200 8,10 33232 i 20 0] 25 45 100 6646 3323| 8308 14954 33232
Sum: - 71166 94679] 54160 57405] 277411}
%-total: 26 M) 2 21 100]
Table 1.



Table-2.. Calculation:sheet (Excel) of biomass increment by:economic: zones of blue whiting.
For further-explanation, see-text.

| i
A:Norway B:EC | H:Faroe |G-E-l:Other
Blomass increment : :
1 2 3 4 6 7 8 9 10. 11 12 13 14 156 16 17 18- 19 20 21
Age-|Quarter] N M . Z W IN*(1- exp(-2))| Biomass | Incr. |K-faktor] %-A | %8| %H-|%-G-E-l1} Sum A B: H G-E-| Sum .

0 4] 1000] 0.2 |l 005 50 4,88 5000 0 1 50 35 16 100 0 0 0 0 0l
] 1 951 0.2 0,05 60 4,64 6707 673 1 60 25 15 100 404 168 101 0 673
] 2 Q0,51 0.2 0.05 70 4,4) 6334} 596] ] 60 25 16 100 358] 149 89 0 596].
1 3 861 02 005 85 4,20 7316 934 ] &0 25 15 100 561 234 140 0| 934):
1] 4. 81,9 0.2 0,05 90| 3,99 7369 50 1 &0 25[. 15 100 30 12 7 0 50|
2 1 77.9] 0.2 005 90 3,80 7009|- -342| 1 &0 2510 15 100 0 0 0 -0 0f.
2 2] 741 0.2 005 95 3,61 7038 27 | &0 20 15 5 100 16 5 4 ] 27|
2 3. 70,5 0.2 0.05] 106 344" 7399] . 344 i &0 20 16 .51 100 206 69 52 17 344]-
2 4 67,00 02 0,05 110 3,27 7374|. .24 1 50]- 20 25 5|. 100 0 0] 0 0 0 '.7
3 1 63.8] 0.2 0.05] 110 311 7014 -342 1 - 5. 85 10 100 0 0 0 0 0].
3 21 60,71 02| 0.05). 90 296 5459 -1479 1 10 &0 25 51 100 0 0 0 0 0].

3 31 §7,71 0.2 0,05 130} 2.81 7500 1942 ] 40 10 25 251 100 777 194 486 486 1942
3 4 5491 02 0,05] 140 2.68 7683 174 1 40 15 25 20| 100 70 26 44 - 35 174]-
4 1] - 622} 02 0.05] 140 255 73091 -35% 1 5 85 10 100 0 0 0 0 0|

4 21 497{ 02 005/ 110 2,42 5462 -1756 ] 10 60 25 5| 100 0 0 0 -0l 0
4 3 47,2 02 0.05] 160 230 7558] 1993 | 35 5 25 35! 100 698 100 498]. 6981. 1993}-

4 4 449] 02 0,05 170 2,191 7639 77 ] 30 5 30 35| 100 23] 4): 23 27 77
5 1 42,71 02 0,05/ 160 2,08 68391  -761 } 5 850 10 100 0| 0 0 0 0]
5 2] 4071 02 0.05] 130 1,98 62851 -1477 1 10 50 25 18] 100 0 0 0 0 0}
5 3 38,7 0.2 0,05 190 1,89 7348 1962 1 30 5 25 40| 100 589 98 491 785 1962}
5 4 36,8 0.2 0.05] 200 1,79]- 7358 9 ] 25 5 30 40 100 2 0 3 4| 9|
6+ 1] 193,01 0.2 0,05 200 Q.42 38610 -341 ] 5 - 85 10 100 0 0 0 0 0]

b+ 21 183.6] 0.2f. 0.05 160 8,96 29381 -8778 ] 5 40 25 30/ 100 0 0 0} 0 0
6+ 3- 174,7] 0.2 0,05 190 8,62 33189 3622 i 25 5. 20 80 100 05 . 181 724|: 1811 3622
6+ 4 1662 0.2 0.05] 200 8,10 33232 41 ] 20 10 25]- 45 100 8 4]. 10 18 a1l
: Sum: . 4646 1245 2672 3881 12444):
%-total: 37 10 21 3] 100} .
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Figure 1. Map of economic zones (Engesater 1992).



Blue whiting.
Biomass distribution. | | ‘ | 1 i} | [
F: 0 F.02 | 04 | FO6 | F:08 | F: 10 Biomass distribution
Norway 26 35 43 48 51 53 M Norway
EC 34 33 31 30 29 29 60 0
Faroes 20 19 18 17 16 16 EC
Other 20 13 7 5 4 2 % 40 M Faroes
(]
i = Other
0 %
Biomass production. F: 0 F: 02 F: 04 F: 0,6 F: 0.8 F: 1,0
I i | [ Jes I [ il
F: O F: 0,2 F: 04 F: 0,6 F: 0,8 F: 1,0
Norway 37 42 43 37 37 38 Biomass production B Norway
EC 10 12 12 8 8 8
Faroes 21 21 22 25 25 25 JEc
Other 31 24 23 31 30 29
M Faroes
8 Other
Figure 2. Biomass distribution and biomass production indices of blue whiting by economic zones as a function of

the fishing mortality F.
For further explanation, see text.




Blue whiting.

Biomass distribution. [ | | [ [ [ | |
F: O F: 0,2 F:04 | F.06 F: 0.8 F: 1.0 Biomass distribution
Norway 2 29 36 42 a7 50 M Norway
EC 35 35 34 33 32 31
Faroes 20 19 19 18 17 16 Uec
Other 23 16 11 8 5 3 N Ecroes
i = Other
Biomass production. 40 0, Er04 F: 0,6 F: 0,8 el s,
| | ] | N I | |
F: O F: 0,2 F: 04 F: 0,6 F: 0.8 1.0
Norway 35 39 40 37 37 38 B Norway
EC 8 10 10 8 8 8
Faroes 22 23 23 25 25 25 U ec
Other 35 29 27 31 30 29
M raroes
8 other
F: 0 F: 0,2 F: 04 F: 0,6 F: 0,8 F: 1,0

Figure 3. Biomass distribution and biomass production indices of blue whiting by economic zones as a function of
the fishing mortality F. The K-factor (Tables 1 and 2) for ages 3+ = 2.
For further explanation, see text.



