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I. Introduction. 

At the 1965 Ano/.ual Ileeting of ICNAF Denmark proposed that Division IB 

b" closed to trawling in order to protect the Great quanti ties of small cod 

present 011 the grounds in Div. lB. Panel I considered this proposal and rec

ommended that the Committee on Hesearch and Statistic be requested to examine 

the desirability of fUl.'ther protection [or small cod at Greenland -and in part

icular in this connection the effects of a closure of store Hellefiske Bank. 

A Greenland Cod \vorking Group (hereinafter called the group) has been 

est"blished to consider the mutter. 'rhis group met in Rome in September 1965 

and in Copenhagen in }'ebruary 1966. At these meetings great progress was made 

in tabulating basic d.ata required for tho assessment. The group also had some 

discussion of the various problems. JIOIlever time did not permit the group to 

finish the work. In preparation fol' the meeting in Hadrid 1966 the group 

asked ~lr. Gulland to pL'epare a paper containing assessment of mesh size 

re(,'lllation and of closure of lB based on data as size composition of catches, 

discard rate etc. am! the present allthor to prepare a paper on the lil,ely 

effect of closure of III based on the Danish tamsing experiments in West Green

land waters. The present paper deals with these tagging experiments, but it 

is emphasized that a great part of other data used here is based on material 

compiled and discussed by the group during the Copenhagen meeting and p".rtly 

given in the report of that meeting (Hes.Doc. 66-18). 

It is also emphasized that the present paper together with the paper to 

be prepared by Hr. Gulland should be fully discussed by the group in l1adrid 

previous to the 1966 Annual Heeting o[ ICNAl!'. The present paper is thus 

prepared more as a working paper for the group than as a dooument with final 

conclusions on the question of protecting small cod at \1est Greenland. 

II. Dato. necessary for the calclliations. 

Some basio data and assumptions are needed for the calculations in this 

paper. Such basic data are: 
• 

1) Natural mortality and mortality due to tagging. 

2) Growth rate of cod and length-weight relation. 

3) Fishing effort and fishing intensity in all divisions of Subarea 1. 

4) Discard rate by gears. 

5) Proportion between liners' and trawlers' effort in lB. Proportion between 

trawlers' effort in lB and total effort in other parts of Subarea 1. 

6) Age and size at recruitment in IB tOGether with gear selection. 

7) Pactors to convert nwnber of tags reported to real number of recaptures. 

1) Na tnt'al moctali ty and mortal:i.ty due to ta{i{(ing. 

Estima·tes of total mortality rate (Z) and of its two components (~' and 

H) are given in previous report from the Assessment Subcommitt.ee (Beverton 
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and Hodder, "ds., 1962). 'rhese estiGJat08 Hero based flIo.inly from series of ago 

composition data. For tho period 1952-57 l' HUS estimated to equal N, both 

being about 0.18. POl' the Labrador cod I/hich may have a 11 amilar 'bo that of 

Greenland cod tho Assessment Subcommittee found N to be between 0.15 and 0.35 

and Hay (1966) proposes the true value to bo I-lithin the lower half of that 

ra.nge. The iSrouP ut the meeting in Copenlwrren estimated N for Subarea 1 cod to 

be 0.15 to 0.20. 

In the present paper therefore H hus been t""I,cn as 0.20 for all sizes of 

cod rogarded although it is possible that H io sOlJleHhat larger for the smaller 

cod. For tG{(ged cod it is qui to cloar til", t some Hill die due to tagginrr or 

lose their bags. It has not been tried to cu.lculate this extra mortality but 

very roughly M has been estimated to be 0.35 in the calendar year of tarrGing. 

As all tagging experiments dealt Hith here are from mid year months this value 

of N runs for half a year. Thereafter 11 is taken as 0.20 (t~l year). 

2) GroHth rate of cod and length-Heir;ht relation. 

'rhe GroHth rate of cod in Subarea 1 has boen subject to changes from time 

to time (Hansen and lIermann, 1965). 'rhe Danish sampl.es from lA-lD offshore, 

quarter of July, 1953-1965 clearly sho;/ that concerning growth rate this 

period falls into t;[O, viz. 1953-59 and 1960-65, the groHth rate in the last 

period beinG higher than in the former (Table 2, ~'ig.l). This corresponds Hibh 

recent German stUdies (11eyer, 1966). Applying German fiGUres for gutted weight 

to these growth curves and looking on 10 cm groups of cod (the -5 cm regarded 

as mean of the group) this means that e.g. a cod of 30-39 cm length Hith the 

present urowth rate will more than double ito Height in one year and that the 

weight after tHO years is more than four -times the original weight (Table 1). 

At the salJle time there is most likely also a considerable increase in value 

per unit weight. 

3) Fishins effort and intensity. 

Due to the great variation between fishing vessels, between gears and 

between catchability and distribution of cod at various seasons it is extremely 

difficult to get reliable single figures for fishing effort and intensity. The 

author has tried to estimate the effort on the base of Portuguese Dory Hours 

(Horstad, 1965 a). Garrod (Table 2 in tho report of the CopenhaGen moetil1G of 

the group, Doc. 66-1~ gives some estimfl.tes of total fishing effort based OIl 

other fl.eets. The two sets of figures correspond extremely well with each 

other. In this paper the figures estimated by the author (1. c.) have been usell. 

4) Discarded and industrial fish. 

Discarded cod and cod processed to fi3h meal are hereinafter called discards. 

It is most essential to knoH the rate of discarding for <'acl. size group of 

cod, but unfortunately very few data exist. Some figures of total discards are 
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;;iven by Neyer (1.c.) for the German traHl fishery in Subarea 1 in 1965. 

The group has tried to estimate disc2.rds for each size of fish by 

comparing commercial landings with catch of research vessels but points out 

that this may "ive an overestimate of discards as the trawlers may prefer to 

fish on those parts of the gTounds \'Ihera bie' cod are relatively most abundant. 

}'or the purpose of this paper it has only been necessary to estimate the 

discards in lB. 

Assuming that the difference betHeen commercial landings am! research 

catches (Doc.66-18, Fig.5) expresses the discards the rate of discarding in 

per cent of numbers caught would for IB be as Given in Table 3. ApplyinG these 

figuTes to the average catch of trawlers in IE as estimated by the 6""oUP (Doc. 

66-18, Table 4) gives about 54% discards of total numbers caucht by trawlers 

in lB. This may as pointed out be an overestimate. 

For the purpose of this paper also a completely hypothetical but I hope 

un'; erestimated discard rate in IB has been used. (discard A) besides the discard 

rate given in details in Table 3 (discard B), viz.: 

Discard A I Diocard B 

trawlers: length group 

no catch, no discard 32 em lOOI~ discarded 
90";' disca.rded 33-41 ern lOO)~ " 
7Cf/o " 42-50 em 84~: " 

none " 51-59 cm 43is " 
none " 60 ern . none " 

liners: none " all none " 
Applying the rate A to the average trawl catch in IE as done above for 

rate B'gives about 21% discards by numbers of trawlers' catch (rate B = 54%). 

5) Proportion between liners' and trawlers' effort in Div. lB. Proportion 

between tra.wlers' effort in Div. lB and total effort in other parts of 

Subarea 1. 

Table 4 partly taken. from Ilorsted (1965 a) gives for various former 

periods the new effort in lB and in Ie-IF if the effort of trawlers' fishing 

in IB had been diverted to the more southern divisions of Subarea 1. The 

effort for the year 1964 has here been estimated purely from catch data 

assuming that catch per effort in 1964 ;las as in 1963. 

The total effort in IB has in Table 4 been splitted up in liners' and 

trawlers' effort aocording to the landings from these two fleets. As trawlers 

are presumed to have more discards than liners this. estimate for the two 

fleets may be biassed, the effort of the trawlers t~nding to be too low, that 
i 

of the liners too high. 

When deal ing with fishing mortality of different length groups of cod 

the effort ought to be splitted up also according to length groups. This has 

partly been done when calcul;ting the long-term change by a closure. Using 

the two rates of disclrrding (A and B) together with the Tables 4 and 5 of the 
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Group's Copenlw::cn report (Ln.) it -is found that of tho total effort in IB 

in 1961-64 the folloHin~; percentaGcs Hore uue to liners and trawlers respect

ively: 

lenGth Group 

32--39 
40-49 
50-59 

1 

liners 

75 
i 40 
I 4(3 

A 
traHlers 

25 
60 
52 

liners 

22 
22 
34 

B 
trawlers 

78 
78 
66 

These figures are used for all per.iods 1<hen calculatinG the lonG-term 

change and refering to the gro1<1oh rat'J (Seotion II, 2) cod of length group 

32-39 cm could next year well be regarded as the 40-49 cm (lTOUp aml this a;:;ain 

next year as the 50-59 cm group. For cod outside lB and for all cod bigger than 

60 cm the figures given in 'rable 4 are used. 

6) Age and size at recruitment. Gear selection. 

Danish taGging experiments in inshore ;raten: of Div. lB (Tables 5, a-c) have 

shown th"t m:.my cod of lenGth [;l'oup 20-29 cm by taGging are recaptured on store 

Hellefiske Bank in the second year after tagginc, ;rbile many of those of length 

30-39 em by t!l.GGing are caught on store Hellofisl,e Bank in the first year after 

taGB'ing • 

'rrawling with covered cod end by German research vessels in 1965 (l1eyer, 

1. c.) has shown thd t considerable numbers of year class 1962 (3 yeaxs old cod) 

were present on store Hellefiske Barue in November, this year class predominating 

the samples. Also the year class 1963 (2 years old cod) which is norma.lly regarded 
w.' f.t 

to be a rather poor one was fairly,represented. 

JudGing by this it is reasonable to beliove that cod in lB are fully recruited 

by a total lenGth of 40 cm. 

In the group's Copenhagen report (1.c.) a selection factor of 3.7 and a 

selection range of 10 cm has been used. ilecent Germ~n investigations (llohl,1966) 

suggest that this factor is too high. A factor of 3.38 ;ras found by Bohl, 

selection range being 8.7 to 10.3 cm. Applying these last data to a 110 rom mesh 

size 'means that selection staxts by a total length of cod about 32 cm. For the 

convenience of the assessment it has therefcre been assumed that also cod of 

length group 30-39 cm (or at least 32-39 cm) aro fully recruited. To judge by 
<1 •• 

the aGe composition of the samples mentioned above this may not bevunrealistic 

assumption. 

7) Conversion of number of taG's reported to actual number of recaptures. 

GoncerniI4,!; Danish tagging experiments in Greenland waters the problem of 

fishermen's non-returning of tags he_s been dealt with before by Poulsen (1957) 

and Harstad (1963 and 196~ b). The factors given by Horsted (1965 b, p.) have 

been used for tags released before 1961. The great majority of tags used before 

1961 are Petersen tags fixed to the gill cover of the cod. 

Various papers presented to the North lltlnntic Fish Narking Symposium, 
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Hoods Hole, 1961 (IellAI!' Spec. Pub 1. 4) sUGGested, however, th<Lt fixinG the 

Petersen taG' dorsa.lly was better than fixinG in the gill cover and that also 

Spaehetti taGs fixed dorsally eave relatively many returns. In 1961 and 1962 

Danish cod taeGing in Subarea. 1 was accordingly made partly with Petersen 

tags fixed dorsally and to the gill cover (1961) and partly wHh Spa.ghetti 

tc.gs and Petersen tags fixed dorsally (1962). The result were, however, very 

disencouraging. It would complicate this paper too much to go into details. 

It was found, however, thLLt by small cod (less than 50 cm) Petersen taG fixed 

to gHl cover was clearly much better (5-10 times better) than the same tag 

fixed dorsally, while by big cod (70 cm or more) the dorsal position was 

slightly better than the gill cover posHion. Hcsul ts varied very much for the 

mediwrr sized cod. Spaghetti taG seems to be somewhat better than dorsally 

fixed Petersen te,g but unfortuna'tely the printed number on some of the Sp'J,(jhetti 

tags is washed out. 

As a whole the comparison mentioned is very cOlilplicated as the experiments 

gave most confusing results and al thou:Sh SOllie conversion factors ho.ve been 

used the author is not too happy of these factors. Further experiments and 

analyses l.fill have to be made before such factors should be published. 

Complicating the 1961-62 taGginG experiments too is the relatively poor 

PortuBUese return of tags in 1962 proposed by Horsted (1965 b) and later on 

confirmed and explained by capt. de Almeida and R. ~Ionteiro (personal comm.) 

All this make any judGing by the 1961-62 expGriments most uncertain, also as 

some returns may still be expected from these experiments. 

III. Various assumptions. 

Havinr; data as Given in Section II it is still necessary for the assess

ment also to introduce some basic: assumptions besides those already mentioll'Jd 

in Section II. 

The proposal for closure of lB to tral<line were based on the general 

theory .•.........• 

l~ that the relative amount of small cod is Greater on ::;tore Ilellefiske 

Bank th"-n on any other West Greenland fishinG bank. '£l1is is generally 

confirmed by the vo.rious samples (CopcHlhaGen report of the group, 'ralJles 

4 and 5, FiG'.5). 

2) that these small cod are more heavily fished by trawl than by linG., 

Discussed in Section II, 4. 

3) that small cod when reaching a bibger size begin to emigrate from Div.lll 

(analysed in Sections IV and VII, Tablos 5, 8 and 11). 

4) that the migration of medium sized and biG' cod from other divisions to 

Div. lB is rather small or, if such miisration takes place, a great part 

of these cod will again move out of lB (analysed in Section VII, Tables 

7, 8 and 10). 

In the calculations it has further bGen assumed ....••• 
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5) that mi':;Tation of cod and_ distribution of cod after a closure of IB will 

still be l1S shown by the taggirlt'\ experiments before the closure, includ

ing here the basic assumption that ta!l-,:;-ed cod is evenly distributed in 

the stock and beha.ve as non-tagged cod. 

6) that migration of cod from IB offshore areas to IB inshore waters is 

rather small and not likely to change very much after a closure (analysed 

in Section IV, 1 and 2, Table 6). 

7) that the micra tion which takes place in a certain year as shown by tagging 

experiments has been completed at the beginning of th"t year's fishing 

season. 

s) that trawlers formerly fishinG in In \<ill fish in other Greenland waters 

after l1 closure of lB. 

9) that distribution of liners in Subarea. 1 will not change after a closure 

of IB to trawling. This assumption may not hold as IB after a closure may 

attract liners partly because at any rate they believe the conservation 

effect in IB to be very great and par.tly because they avoid having their 

lines spoiled by trawlers. This question needs perhaps further study by 

the group in Hadrid. 

10) that as the majority of ta[jged. fish recaptured are caught in the first 

and second year after tag-ISing it is proper to assume, that~he effort, 

which has caught the rccaptures from a period's tagging experiments is 

the effort from the period: 1 year after first experiment started to two 

years after last experiment started, i. e. cod from tagging experiments 

1955-57 are assumed to have been recaptured by the effort in the years 

1956-59. 

Some slnaller assumptions are introduced in the calculations because of 

11) Recaptures from yeo:r ilK (not known) have been regarded as belonging to first 

year after tagging. Recapture" from Div. 1 NK have been allocated to kno'lll 

divisions according to known recaptures. Recaptures from areas outside 

Subarea 1 (mainly East Greenland - Iceland) and recaptures from Subarea 

NK have been regarded as caught in Div. lC-lF. Catch, effort and recaptures 

from-Div. lA have been included in lB. All this transfering of figures may 

sound rather drastic, but has little or no effect on the calculations as 

only very few recaptures are involved in the transfering. 

IV. Nigration of cod towo:rds and within Div. lB. 

As mentioned in the previous section some study of the migration of cod 

towards and within lB is necessary before further assessments of the effect of 

a closure of lB can be m:,\de. 

1) IHGration from inshore waters of IB to offshore waters. 

Cod have frequently been tagged in inshore waters of Div. lB, mainly in the 

harbour of Christianshllb (Disko Bay), in the coastal waters ·0108e to Holsteins

borg and in the fjords Amerdloq and Ikertoq just south of Holsteinsborg. The 
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results of tagging experiments from these localities in the period 

1955-62 are given in Tables 5a - 5c, giving actual number of returns 
as well as estimated number of recaptures in per cent of numbers tagged. 
Although a full study of migration needs to deal with recaptures per 
effort instead of just numbers of recaptures the Tables 5a-c nevertheless 
demonstrate very clearly that there is a considerable migration of cod 

from inshore of 1B to offshore waters, especially when it is taken into 
account that all returns from area not known have been taken by nations 

other than Greenland. In fact, in all experiments and for all sizes of 
fish very few tags are returned by Greenland fishermen 3 ore more years 
after tagging while there are still considerable numbers returned by 
other nations fishermen, this suggesting that nearly all cod original 
present in inshore waters of Div -IB will migrate to offshore area, and 
when they have arrived here most likely behave as other cod present in 

the offshore area. 
2) Migration from offshore to inshore waters of tB. 

Table 6 summ~rizes return and estimated recaptures from Div tA + B 
of cod tagged in 1B offshore waters in various periods. Comparing Green

lander's per cent of returns with Greenlander's per cent of total cod 

landings in !A + B it is quite clear, that cod tagged in offshore waters 

do not mix very much with the stock in inshore waters. 

Following this conclusion and the formei.L conclusion it is therefore 
assumed that a closure of Div. IB to hawling will have only miner effect 

(but this effect is gain) to the inshore cod fishery, and in the assesments 

migrati?n from offshore to inshore area have been neglected (se also 
Section III,6.) 
3) Migration from more southern divisions into Div.lB. 

Proposing the closure of IB it was assumed that the migration of cod 
from southern areas into Div IB was relatively small, or if such a -' 
migration existe~ the cod moving into Div IB would behave as other cod 

present in IB, which means that a great part of the inmoving cod would 
again move out of iB. Table 7 summarizing tagging experiments for the 

years 1955-60 in Divisions IB,lC and ID offShore area shows that from tag
ging experiments in IC 5-15% of the recaptures are taken in IB, while from 

tagging experiments in ID 3-6% of the recaptures are taken in lB. Although 
also these recaptures ought to be weighted according to effort in the 
.various regions these figures by themselves say, that the migration from 

mOre southern diviSions into IB is rather small. It must also be remembe

red that cod having moved into IB are part of the stock in IB and hence 
that some of them - and as Table 7 and later assessment show a good deal 

_. 
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of them - again will migrate out of Div. lB. It is therefore not likely 
that a closure of Div. lB to trawling means that any great proportion 

of the stock found in more southern divisions will avoid been caught by 
migrating to Div.lB. 
v. Different ways of expressing gain and loss due to closure of Div.lB 

to trawling. 
The effect of a closure of lB to trawling may be expressed in various 

ways. By introducing a largefmesh size than hitherto used the term 

"immediate loss" is used, but speaking about closure of a certain area 
one must distinguish between two sorts of loss. viz. 

a) the loss (or gain) which the banished fleet suffers expressed as 
the difference between the cateh which the vessels would have 
obtained by staying in the closed area and the catch which they get 

in the areas to which they move. 

b) the loss in output of the stock which was present in the closed 
area when closing this. 

The immediate effect which the banished trawlers feel is the type 

a) loss, and this loss depends on the possibility of finding another area 
where. catch per effort is as," good or very nearly as good as in the closed 
area. As shown in the groups report such areas exist throughout the year 

in the more southern part of Subarea 1. It is very difficult to say 

anything exact about thi~ loss. The trawlers did perhaps choose IB because 
catch per effort here was better or thought to be better than in other 

divisions. On the other hand some trawlers did at the same time fish out
side IB and these presumable thought fishing here to be better than in 
lB. In some cases, therefore, the trawlers leaving IB may find fishing 
outside lB to be better than in lB and therefore get an immediate gain 

instead of loss. It is, however, essential to remember that the cod in 
Subarea 1 must be regarded as being so heavily exploited (Assessment 
Subcommittee reports 1964,1965) that any increase in effort .in any 
division is supposed not to give any increase in total catch but rather 

a steady or slightly decreasing total catch, and it is hence most reason

able to think that trawlers moving from IB will not in the first short 
time after moving get their former catch in lB fully compensated, and 

that entering a new division they will also have some influence on the 
catch of the fleet originally present here. This sort of loss has not 

been estimated in this paper. The "short time effect" is here taken as 

the type b) loss, viz. the loss in output of the stock present in IB at 

the time of closure. This loss will or'course be greatest in the first 
" 

B 10 



10 

year after closure, but gradually cod will move out from lB and some of 

them be caught outside, so that the loss after some years is diminished 

or even changed to a gain due to the increased weight of the single fish. 

This short time effect has been calculated for each 10 cm group of cod 

present in Div.1B. The total short time loss should be weighted according 

to the size composition (in 10 cm groups) in lB. 

After some years the cod originally present in Div.1B at time of 

closure do not exist any more. From that time only cod recruited after 

closure are exploited, and the "long - term effect" is here given on a 

"per recruit base", the recruits being regarded as the cod in the 40-49 

cm group. The long-term effect is here given by the difference in output 
;,;d 

of lB'~ in 40-49 cm group without a closure and the output which would have 

been obtained in the same period with a closure, while the "short time 

effect" is given by the corresponding difference found for cod bigger thaD 

50 cm present in lB at time of closure. ~ 

The netto gain or loss for the total fishery in Subarea 1 is then the 

defined "long-term effect" minus a possible loss in total catch in divisi_ 

ons outside lB due to the increased effbrt in these divisions by redistri

bution of trawlers from lB. 

VI.Model used to calculate "long-term effect" and "short time effect" 

from tagging experiments. 

With reference to the various basic data and assumptions mentioned in 

Sections II and III the "long-term effect" and "short time effect" as 

defined in Section V is' for each lenght group of fish present in lB 

calculated in the following way: 

Let No be initial number of fish tagged and ~onumber of total 
recap~rG\ in the calender year (year 0) of tagging. Following Beverton 

and Holt (1957) the total fishing mortality coefficient F in this year 

is found from the equation 

no = F ... { 1 - e 
- (F" + M,,) t·L • ) •••••••••••• (1) 

Nu F< + M" 

where N = 0.35 and t = 0.5 (Section 11.1). 
The number of fish present at the beginning of next calender year 

(year 1) is then given by 

N
J = N e 

" 

- (FL' + N,. ) to 
• • • • • • • • • • • • • • • • • • • • • • •• ( 2 ) 

811 



11 

and continnuing with equations (1) and (2) (M in the next years = 0.20 

and t = 1) the F in each year and the number of tags present at the 

beginning of each year, N,is calculated. 

This F, however, is an overall F, but F may vary between divisions. 

, 

Knowing the distribution of tagged fish and the returns from each division 

it is, however, possible to calculate the seperate F in each area. This 

is done by splitting up n in three groups, viz. those caught by lines in 

IB, those caught by trawlers in IB and those caught by all gears outside 

lB. Assuming further that the distribution of tags, which takes place 
during a calendar year, is finished at the beginning of that year (or at 

the beginning of the fishing season) N can be splitted up between divi

sions according to proportions given (;1 

nB I nc etc., wh'en: 

fB fC 

n is number of recaptures in each division and f the chance of the tagged 

fish to be caught in each division as given by Horsted (1965a). In this 

way N is splitted up in a part staying inside IB, NB, and another NC' 

having migrated to areas outside lB. Following equation (1) F can be 

estimated for these to parts seperately, FB and FC. 

Assuming that a closure took place in the period dealt with FB would 

be reduced in the same proportion as the effort in lE (given in Table 4) 
while Fc would be increased. The two new coefficients are called F~ and 

FC· 

The new effort in the two areas would instead of a catch of nB and 
I I ) nC give a new catch nB and nC also calculated from equation (1 • The total 

numbers surviving in a year, r, after closure is now given by 

r+¥' = N ' B e 
-rFB I -rFb 

+ NC e ..............• (3) 

This number of survivers again can be splitted up into two parts. 

F and F' can ag'ain be calculated, and new catch and survivers for next 

year again estimated. 

The gain or loss for each length group in each year is in terms of 

numbers given by the difference between. nand n', but the gain and loss 

has in the calculation been splitted up so that the gain of remaining 

line~ in IB and the gain or loss for the total fleet outside lB (including 
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the trawlers moving from Div.lB) are given seperately. 
In terms of weight each group of fish must for each year be multiplied 

by the weight factors given in Tables 1 and 2, and to judge the full gain 
these again ought to be multiplied by a value factor, which may vary from 
country to country. 

VII. Effect of closure in former periods. 
The basic material of the tagging experiments on which the calcula

tion are based is given in Tables 8a - c, while an example of the detailed 
calculation as given in Section VI appears in Table 9. From the other 
experiments only the final figures for loss and gain are given. 

The "short time effect" (defined in Section V) by a closure of IB 
to trawling is given in Tabl~ 10 a-c as per cent change in catch of each 
length group by numbers and gutted weight (head on). The actual catch 
without a closure is within each length group the catch per 1000 fish 

~ 

present in lB at time of closure or when tagging experiment stated. 
Some of the figures, especially for year 1. mav look very unreliable, 

but this is to some degree explained by the fact that all returns from 
year NK have been allocated to year 1 (Section III, 11). 

The "short time effect" for liners in IB is as expected an immediate 
raise in catch and an incre.ase in mean size of fish caught, gain in terms 
of numbers being less than gain in weight. 

For the other fleet in Subarea 1, including trawlers formerly fishing 
in lB the total"short time effect" is a decrease in catch but an increase 
in mean weight of fish, decrease in numbers being less than decrease in 
weight. This total loss, however, consists of two components, viz. a great 
loss in the first years after closure and later on a gain, but this gain 
smaller than the loss in the first years. The gain generally seems to 
begin in the 3rd year after closure. To estimate "short time effect" fo._" 
the stock as a whole it is necessary to weight the effect in each length 
group with a factor which is the proportion that this length group has in 
the whole stock. As Tatle 10 deals with imaginare closure this has, however, 
not been found to be worth while. k 

Estimating the "short time effect" it must~beared in mind that the 
"long-term effect" as defined in Section V begins within the period of 
the "short time effect", and as the "long-term effect" is an increase in 
catch this will make the total short time loss less than shown in Table 10. 

The greatest interest, however, has the "long-term effect" of the 
closure. 

The calculation of the "long-term effect" per recruit is based on 
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the 40-1~9 cm cod. There is, however, a fishery also on the 30-39 em 
group, but due to gear selection (trawl as well as line) and possible 
not full recruitment of these smaller fish, fishing mortality Joust be less 
than for the bigger cod. It is impossible to say how big F is for these 
small cod, but it is supposed not to exceed 0,10. F for the 30-39 cm 

group has therefore been estimated to 0.00 at the discard rate A (Section 

II,4) and to 0.10 for discard rate B, the last estimate to consist of 
F = 0.02 for linas and 0.08 for trawlers. The true value of discard rate 
and of F for small fish is supposed to be somewhere between the A and the 

B theory. Table II shows the "long-term effect" (% change in catch per 

fish recruited in IB) if a closure had been effective in earlier years 
and if total fishing effort had remained as in those years. 

Clearly the liners remaining in IB would have a gain, immediate as 

well as long-term. The other fleets would with a fishery as on the 

1955-57 tagged cod have had a loss (numbers as well as weight),but with 

a fishery as on cod tagged in 1958-60 and 1961-62 ~hese other fleets 
would have had a minor loss in terms of numbers but a gain in terms of 

weight of 1-4% in the discard rate A and 8-13% in the discard rate B. 

As shown in Table 8 the material on which these calculations are 
based is unfortunately rather poor (119,76 and 175 cod tagged in the 
three periods respectively), but regarding also the "short time effect" 

(Table 10) when medium sized cod tend to give a gain after 2-3 years after 
closure it is reasonable to believe, that although the figures for "long
term effect" may be rather uncertain, there is no doubt about the fact, 
that cod recruited in IB will be best explOited by a closure of IB to 

trawling·. 
VIII. Possible effect of a future closure. 

When calculation are based on tagging experiment~ it is quite clear, 
that the calculations must refer to former situations of fishery and 
their interest therefore be acedemic. In previous part of this paper it 
has only been possible to deal with situations as before 1962. 

Great change in the efficiency and effort of the trawlers is, however, 
known to have taken place since 1962. In the Copenhagen report of the 

group ( l.c.) it is estimated that E ( = ~ ) is close to 0.70. The 
( F+M) . 

author has therefore tried to calculate the "long-term effect" which may 
occur by a future closure of IB to trawling supposing that an overall 
F in Subarea 1 is 0.40 ( E = 0.67) and that effort outside IB would raise 

by 20% if trawlers were banished from IB to IC-IF. Inside IB the effort 
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of liners is taken as mentioned in Section 11,5. It is furthermore 

supposed that growth rate in future remains as in 1960-65 (Fig.1.,Tables 
1-2). Th<:: migration of cod from IB southwards has been taken as a medium 
m:1.gration of that which the tagging experiments have shown for cod of 
length groups 40-49 and 50-59. cm. 

This assumed migration used here is ( in terms of per cent of regar
ded fish found outside IB) 

Year % found outside IB 

0 0 
1 30 
2 60 

3 or more 80 

Referring to Section II, 2 and II, 6 recruits are taken as 40 cm 

~ 

-cod which will have a growth of 

Year 0 1 2 3 4 

cm 40 5v 60 69 75 
kg (gutted, 

head on) 0.530 1.020 1.735 2. 1~90 3.165 

The calculations are then made after the model given in Section VI 

and for the two discard theories A and B (Section 11,4). 
The results are given in Table 12. It is found that the "long;..terrtl 

effect" by a future closure will be that the exploitation of cod recruited 

on St. Hellefiske Bank will be much better than now. Liners remaining in 
IB will increase their catch of the regarded cod in terms of numbers 

(25-55%.) as well as weight (37-73%) and other fleets in Subarea 1 will 
also increase their catch of IB recruits in terms of weight (8-22%) 

although not in numbers (loss of 28-31%). The long-term gain is thus due -' 
to the increase in mean size at which the recruits are caught. The total 
effect for the fishery of Subarea 1 as a whole depends on the proportion 
which IB recruits constitute of the total landings from Subarea 1. 

Assuming that they constitute at least about 33% of the landings from 
IB - ID and nearly nothing of the landings from lE - IF and assuming that 

total catch in divisions le - IF remains constant after redistribution 

of trawlers after a closure/this means that the long-term gain for the 
fishery in Subarea 1 as a whole (based on 1960-63 landings) will be at 
least between 6% and 12% for discard rate A and B respectively. 

The main part of the gain is as mentioned due to increased size of 
the. IB recruits when these are caught. This increased mean size may mean 
that also the value of the fish has increased whatever this is in the 

Cl 
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price paid to fishermen or the price on the different stages of production. 

This value per weight is therefore different from country to country but 
if a value factor can be worked out for each size group this factor could 
readily be used on the Tables 11 and 12. 

The Royal Greenland Trade Department (Fr¢lich and Svenclsgaard, 
personal comm.) has tried to work out some factors for their frozen pro
ducts using the formula 

Value factor = final market rice _ money paid fishermen and factory 
p workers 

~~~~~0~u~t~P~u~t~b~y~f7i'1"1~e~t7i~n~g------

and found the following factors for cod of weight (gutted,head on) 

1.65 600-700 g = 
13-1500 g = 2.03 

= 2.15 21-2300 g 

per unit weight 

(= 123% of the 600-700 g) 
(= 130% •••.••.....••... ) 

Applying such factors to Table 12 the "long-term effect" for liners 

in IE is increased to 40% and 70% and for other fleets to 13% and 28% 
for discard rate A and B respectively. For the fishing of Subarea 1 as 
a whole (with the assumptions mentioned) the gain would increase to 7-13%, 
but the value factors given will most surely vary between countries and 

may well be more progressive than those given above, so that the gain for 
the fishery as a whole may be better than estimated above. 

IX. Discussion. 
The validity of the results given in the previous Section depends of 

course on the validity of the data and assumptions used in the calculation~ 
The validity of the data and assumptions has to some extent been discussed 

in previous Sections where data and assumptions are introduced. Further
more the paper is as pointed out thought as a working paper for the group 
in Madrid. The author has therefore not found it necessary to go into a 
detailed discussion on the validity here. It should, however, be pointed 

• 
out, that in all the calculations based on tagging experiments there has 
in every case been less than 10% of the tagged fish left after 4 years 

and in no years more estimated recaptures than estimated tagged fish left, 
This seems to indicate that natural mortality and estimated number of 

recaptures are fairly close to the true values and fishing mortality 
found may accordingly be close to true value too. 

The auther has in this paper not tried to judge whether the same 

conservation of small cod,could be obtained by an increased mesh size. 
This may to some extent be the case, but the author is most inclined to 
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believe that a olosure of Div.lB to trawling together with an increased 

mesh size in other divisions may be the best method of proteoting small 
ood at West Greenland. This question must be discussed by the group in 
Madrid. 

X. Summary. 

The effect of closing Div. IB to trawling is judged by tagging 
experiments introduoing at the same time some assumptions, and to evaluate 
fully the results given in this paper it is necessary to read all sections 
of the paper. 

It is found that a olosure ten years ago would not have been of bene
fit, partly because of relatively low fishing intensity and partly because 
of rather slow growth rate of cod at that time. Within the last 7-8 years 

a olosure would, however, have been of some benefit. A olosure would at 
the present time mean a much better exploitation of cod recruited on 

-~ 

St. Hellefiske Bank and for the fishery of Subarea 1 as a whole there 

would possibly be a gain in terms of weight about 6% by a low pr&sent 
discard rate and up to 12% at a high discard rate. 

The economical effect would be somewhat higher as the main effect 

of a closure is a decrease of small cod and an increase of medium sized 
cod oaught, and these medium sized cod presumably have a higher value per 

unit weight than small cod. 

The possible effect of a closure of IB to trawling together with 
mesh size regulation should be studied by The Greenland Cod Working Group 

in Madrid, 1966. 

~ 
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.~ 

'hLlll" 1 
head on 

l1ean' weight (fresh (!'uttcd) of Hest Greenlf!,nd cod of various 

lenGth and - within each lqngth after various periods. Length bewed on 

fi{!,UL'CS from Table 2 and Fig. 1 • Weight based on German figurr;s kindly 

supplied by Dr. A. Heyer. 

a ·cot:.Ll leIlt'th (em below) 
b weiGllt (t:.rutted) in gram 
e wei{!'ht in per cent of original weight (Hhen r 0) 

iginal length 1953-59 1960-65 
fish regarded 

Length and weight of fish retsarded LenGth and weicht of fish rer,arded 
after r years after r years 

r= 0 1 2 3 4 I,.~ 0 1 2 3 ~ 
~ a 25 36 45 54 62 25 38 49 59 68 

25 em 
b 135 385 735 1295 1885 135 455 950 1665 2395 
e 100 285 544 959 1396 100 337 704 1233 1774 

.,--1--
a 35 44 53 62 67 35 46 56 66 73 

35 em 
b 355 690 1225 1885 2300 355 780 1440 2205 2930 
e 100 194 345 531 648 100 220 406 621 825 

a 45 53 61 67 72 45 56 65 '/2 '17 
45 em 

b 735 1225 1810 2300 2815 '135 1440 2115 2815 3415 
0 100 167 246 313 383 100 196 .288 383 465 

a 55 62 68 72 75 55 65 72 77 £ll 

55 em 
b 1370 1885 2395 2815 3165 1370 2115 2815 3415 3970 
0 100 138 175 205 231 100 154 205 249 :290 

a 65 70 74 76 77 65 72 77 81 84 
'') om b 2115 2595 3045 3290 3415 2115 2815 3415 3970 4440 

- 0 100 123 144 156 161 100 133 161 188 210 

a 75 76 77 78 79 - 75 79 83 85 86 

75 em 
b 3165 3290 3415 3545 3675 3165 3675 4280 4600 If Boo 

0 100 104 108 112 116 100 116 135 145 152 
-- --_ .. _--- -

'fable 2. l1ean total length of cod from Danish samples in Divisions lA - 1.0, 

offshore areas, quarter of July. 11ean of lentlths measured to om below. 

See also Fits. 

Age 1953-59 1960-65 
2 27.0 
3 38.8 40.3 
4 45.8 50.2 
5 55.6 60.8 
6 63.3 70.0 
7 68.2 75·5 
8 73.0 80.0 
9 75.0 83.6 

10 77 .2 85. 6 
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'rablo J. Haximum discard raLe by trav,lern in Div.lB (per cent of number" caught) 

taken from Fig.5 of the report of the Greenland cod. 

WorkinG Group, CopenhaGen Heating. 

em group landed cauGht discarded per cent di3carded 

33-35 - 17 17 "'} 36-38 - 34 34 100 100 

39-41 - 70 70 100 ._------ --~-- ------ -- - - -- - - - - - -,' - - - - -
42-44 ') 115 no 

96~ 45-47 20 170 150 88 84 
48-50 50 180 130 72 ------- 1-------I- - -- --- -------

1-----"1- ---51-53 80 175 95 
54-56 80 150 70 47 43 
57-59 91 112 21 2,1 --_ .. ------- -------- -.- -"- ._- "- - -- -- - -_. - -- --- -_. - "- - - -'- -
60-62 100 120 20 17 ~ 

Table 4. Change of effort in Div.lB and Divs.lC-IF if trawlers effort are diverted 

from IB to IC-H'.Effort given in "Portuguese August trawling hours"(llorsted 

1965 a). 

Effort Effort New effort in per cent of former 
Period Div.lll Div.lC-IF effort when trawlers are diverted 

from III to lC - IF. 
trawl line llJ Ie -l.~' 

1953-56 128646 117608 415900 47.8 130.9 

1956-59 110721 156014 615';49 58.5 118.0 

1959-62 18)833 206696 851025 52.9 121.6 

1962-6.3 99335 115081 549455 53.7 118.1 

1962-64 140417 157730 819728 52.9 117.1 
--./ 
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'rable G. Rel"tion bah/eon tot,,1 rutunr,fl'olTI lJiv.lii and Gl'e8t1ianders return, from Div.U 

Period 
of 

I;a[',ging 

952-5-1 

')5)-57 

'l5H-GO 

1961-62 

--' 
of cod t,nc"ed. in lE off8:lOr8 :tre:",. Only cod big;;er than 40em total length 

\.,hou tac;r:ed are rel~ardGd. ll'it;llror. in bracket give per cent of numbers tu[.ccd . 

. -

NUlJJbe;rs Total retllrns from Greenlnnders Grcellla.nders re~urns Greenlanders'cod 
ta[',f,cd lA + 13 return8 from in per cBnt of totol 1"ndin[',3 in lA+B 

Uncerr. corrected lA,,·B(no corr) returns. in per cen t 0 (. 

Ul1corr. corrected I;otal cod lon--
dinr;s from 1 J\ I· B 

280 489 2 
18-13 (15. 2 ) (26.5) (0.1) 0.71 0.41 6.03 

252 3')1 -\ 
l4l)~1 ( l? _;~) (;>6.7) (U.J) 1. ';,'1 t.02 H.', L 

----
~!O6 'JOt> V 

iii:!] ( 1 " ) ..:..<.u (11) ) . _ L (0.7) fj.d3 ;-' .. '~f·· 'I _ " ", 

,,--
7') 290 La 

1224 (6.5) (23.7) (0.8) 12.G6 3.45 5·138 

-
'l'obl~ 7- SUfJilJ1lJ.ry of roturnu and (-::fltilll,.:.ted rCC,l,lytureo From lw.nioh corl. ti1l~:L~'inc: 

'Ll ai"~'~~ i 11t.; 
in 
Div. 

lB 

lC 

ID 

~ ~ -

experiment" in Divisions lll, lC ond lD offshore waters in the years 

1955-60. HlC ; aroo not knOl'/ll or area outside Subareo 1. 

Length numbers 'l'otal Returns in per cent l'~GtirnD,tctl rcc:aptuT8H in 
"hen ta[;c;ed returns and of total returns per cent of total estimn.kLl 
tlJ .. i~'ged estimated rcco.pturns 
(ern) 1'8 Cil.I.l ture s l11-lJ le-f' NK l11-B lC-F ilK 

)0-39 J 0 u - - - - .. -
40-49 195 39 96 77 18 5 71 24 5 
50-59 738 165 379 71 25 4 64 31 5 
60-69 1105 23)) 528 Go 36 4 53 4;' 5 
.", "{o 1055 245 477 69 29 2 64 33 3 

j 

30-39 8 0 0 - - - - - -
40-49 92 19 43 II 74 16 5 65 30 
50-59 207 51 125 12 82 6 14 75 10 
Go-69 548 107 213 8 83 8 10 75 15 
;-.. 70 2122 436 903 5 90 5 5 85 10 

30-39 1 0 0 - - - - - -
40-49 39 G 14 0 100 0 U 100 II 

50-59 434 79 210 6 82 II 4 79 17 
60-69 1245 281 634 2 90 8 2 84 14 
:-:-. 70 2375 483 973 5 88 7 5 00 15 

~ --

~ 

C 10 
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Es timctcd J"Pcap1..Ul.'l'S (l'~ burna corr8cted) from Danish tagisinr.; eXjJerill1~;Jnts 

in 1)iv. III offl'iJorc w,',ters. Tot~,l iB given for both estimated recaptures 

an(l in brackets actu,,-l 'returns each of them in number as well as in pe' 

cent of numoero tngged. Length is total length in cm by taGging. Year 

indicates ce.lendar year after ta.c;ging. Those caueht more than 4 years 

af'ter taGginG are included in the 4 years' recaptures. NK : division, 

area or year not knOlfn. In the calculations those from Division 1 NK 

have been allocated to division according to proportion between known 

rec[tptures I and those from other areas plus area NK have been regarded as 

taken outside Div. lB. Those from year NK have been regarded as taken in 

year 1. 

~'able 0 a. TaGGing in the years 1955-57. 

Lencth Numbers Year Other areas 
ta:':r:ed Div. IB Div. Ie-IF Div. INK + In( 

0 6 - - -
1 18 - - -

40-49 119 2 14 5 - -
3 3 5 - -

., 4 5 1 3 -
IlK - - - -

Total 46-30.7~~ 11-9.2% 3-2.5% -
(20-16. 8~;) (3-2. 5~~) (1-0.8~b) -

0 24 - - -
1 32 15 5 -

50-59 264 2 30 6 - 1 
3 2 4 - -

,) 4 6 10 3 -
NK - - - -

Total 94-35.67~ 35-13.J7b 8-3.0% 1-0.4% 
(55-20.8%) (16- 6.1%) (2-0.7%) (1-0.47~) 

0 48 1 1 -
1 36 71 - 1 

60-69 521 2 21 14 - -
3 9 4 - -

,'\4 4 12 - -
NK - - - -

Total 118-22.6% 102-19. 6~: 1-0.2% 1-O.25~~ 
(79-15.2%) (40- 7.7";:) (1-0.2%) (1-0. 2~,;) 

0 35 - 1 -
1 49 48 8 6 

~ 2 26 11 - 1 -, 70 558 3 12 2 - -
~4 6 6 - -

NK - 5 - -
Total 128-22 .9?~ 72-12.9% 9-1.6% 7-1.3% 

(98-1'( • 67;) (36- 6.51;) (3-0.5%) (3-0. 51~) 

ell 
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Table 8b. See text in front of Table 8a. 

Tagging in the years 1958 - 60. 
-

Length Numbers Year Recaptured in .~ 

tagged Div. IB Div. Ie - IF Div. INK Other areas + NK -30 - 39 5 Total - - - -
0 1 - - -
1 10 - - -
2 5 - - -
3 - 6 - -

40 - 49 76 "'4 - 6 - 2 
NK - - - -

22 - 28.9 ~o 12 - 15.8 ~o - 2 - 2.6 5, 
Total 

(10 - 13.2 5'0) (4 - 5.3 7') - (1 - 1.3 ~,) 

0 61 1 - -
1 63 20 - 2 
2 5 23 - 5 
3 3 19 - -

50 - 59 414 ~4 10 19 - 5 
NK 5 - - -

141 - 31.0 % 82 - 17.3 ,,/0 - 12 - 2. 5 ~o 
Total _/ 

t62 - 13.1 ~o) (26 - 5.5 10) - (3-0.6j,,) 

0 57 1 - -
1 68 45 6 -
2 32 43 3 8 

" 3 
1 20 3 8 

60 - 69 584 -4 2 10 - 5 
11K - - - -

160 - 27.4 5', 119 - 20.4 7' 12 - 2.1 7' 21 - 3.6 7" 
Total 

~64 - 11.07') (47 - 8.05'0) (4 - 0.7 5'0) (5 - 0.970 ) 

0 80 5 - -
1 46 27 - -
2 32 25 - -

-~ . 3 7 14 - -
- 70 497 ~4 6 14 - -

NK 5 - - -
fl76 - 35.470 85 - 17. 1 ~, - -

Total 
\10 - 14.170) (35 - 1.0 %) - -

-
------- -

.~ 
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'-Table 8e! See text in front of Table 8a. 

Taggin~ in the years 1961 - 62. 

Length Numbers Year Recaptured in 
tagged Div. IB Div. Ie - IF Div. INK Other areas + NK 

30 - 39 2 Total - - - -
0 10 - - -
1 3 10 - -
2 3 14 3 -
3 9 5 - 3 

40 - 49 175 ~4 - - - -
NK 1 10 - -

26 - 14.9 fo 39 - 22.3 70 3-1.770 3-1.770 
Total 

(8 - 4.6 %) (10 - 5.7 %) (1 - 0.6 fo) (1 - 0.6 ~o) 

0 57 17 10 23 
1 49 44 22 21 
2 15 36 - -

- 3 2 8 - -
50 -59 511 ~4 - - - -

NK 1 5 - -
124 - 24.3 fo 110 - 21.5 % 32 - 6.3 % 44 - 8.6 % 

Total 
(26 - 5·1 %) (22 - 4.3 %) (4-0.8%) (6 - 1.2 ~o) 

0 31 16 5 5 
1 36 60 7 8 
2 11 32 - 3 
3 - 5 - 4 

60 - 69 370 ,l!,4 - - - -
NK - - - -

78 - 21.1 % 113 - 30.5 % 12 - 3.2 % 20 - 5.4 % 
Total 

(23 - 6.2 70) (33 - 8.9 70) (3 .. 0.8 ~o) (5 - 1.4 fo) 

0 39 - - -
1 13 36 5 7 
2 10 3 - -
3 - - - 2 

~7o 168 ~4 - 3 - -
- NK - - - 5 

62 - 36.9 70 42 - 25.0 ro 5 - 3.0 % 14 - 8.3 70 
Total 

(22 - 13.1 %) (14 - 8.3 ro) (1 - 0.6 ro) (4 - 2.470) 
------ --- - -- ----

C 13 
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~_9~ Calculation of a gain - loss by a cloDure of Div. 1:9 to tra.wlj.nl~ b,"scd 

on tagging expel'imants in Div. In 1958-60, length group 50-)9 Clil by 

tam:;in{l'. Symbols see the text, Seotion VI. Year is calendar year aft"r 

taaginG_ 

Year N H' n n n nC F Nn II C 
total IE line IE trawl ou-t;nide IE 

0 474.0 474.0 62.0 32.3 28.7 1.0 .31 469.6 4.4 
1 340.8 385.2 90.0 36.0 32.0 22.0 .34 244.9 95.') 
2 190.6 250.0 33.0 2.6 2·4 20.0 .20 23.4 175.,0 
3 133.1 164.4 22.0 1.6 1.4 19.0 .20 1l.4 121.7 
4 89.2 107.4 34.0 5.3 4.7 24.0 .54 21.1 60.1 
5 42.6 50.9 - - - - - - .. 

--_. -------- - ---

)nt. 

~. 

Year N' N' Fn FC Ii" Ft n' nl n' D-~ line n' C-( "C+ I 13 t --;:-) B C n C E C raH 

0 469.6 4.4 .30 .57 .16 .69 33.1 1.2 0.0 -20.5 -./ 

1 276.0 1011.4 .36 .29 .19 .35 43.5 29.2 7.5 -24.8 
2 29.4 220.6 .27 .1:J .14 .23 3.5 41.2 0.9 10.8 
3 1~ .1 150.3 .34 1" . , .10 .23 2.1 20.1 0.5 '7.7 
4 25.4 82.0 .73 ·49 .39 .60 7·5 33.9 2.2 5.2 
5 - - , - - - - - - - -

--- -

-' 

----"" 

C 14 
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Table: 10 

-' 

"Short time effect" (defined in ~ection V) by a closure of Div. IB to 
trawling given an ~cr cent change in catch within each length group of 
fish. Actual figures for catch without a closure are in each length 
group based on 1000 fish present in lB when tagging experiment started. 
Kg is gutted weight. Year is calender year after closure or after tag
ging experiment started - Year 0 is only 6 months, tagging experiments 
starting in mid year months and closure hence also thought to start in 
mid year. 

a if closure had started in the period_:t9S.2_:--.27 .. 
_u 

Year Length Catch without a closure % change in catch after closure 

group , Liners IB , Other Subarea 1 Liners IE Other Subarea 1 

numbers kg numbers kg numbers kg numbers kg 

0 53 72 .6 38 52.1 0.8 - 100.0 
1 78 147.0 119 224.3 14.1 - 22.7 
2 66 158.1 74 177 .2 22.7 - 47.3 
3 50-59 5 14.1 18 50.7 20.0 38.9 

... 4 16 50.6 56 177 .2 37.5 26.8 
(:;I' /. ,,-

otal 218 442.4 305 .e-18.5 15.3 17.9 - 25.6 - 17.5 
0 55 116.3 41 86.7 0.0 - 92.7 

- 1 40 103.8 167 433.4 10.0 16.8 
2 24 73.1 44 134.0 4.2 - 13.6 
3 60-69 10 32.9 15 49.4 10.0 - 26.7 

... 4 4 13.7 26 88.8 25.0 23.1 

otal 133 339.8 293 792.3 5.3 5.9 - 4.8 - 2.4 

0 38 120.3 27 85.5 5.3 - 100.0 
1 56 184.2 152 500.1 5.4 2.0 
2 27 92.2 41 140.0 11.1 - 22.0 
3 :70 13 46.1 13 46.1 7.7 - 61.5 

~4 6 22.1 15 55.1 16.7 13.3 

otal . 140 ... 4~.9 I 248 826.8 7.1 7.2 - 16.5 - 16.2 

b if closure had started in the period 1958 - 60 -
0 68 93.2 63 86.3 2.9 - 95.2 
1 76 160.7 114 241.1 21.1 - 45.6 
2 5 14.1 64 180.2 40.0 35.9 
3 50-59 3 10.2 43 146.8 33.3 37.2 

,4 11 43.7 61 242.2 45.5 18.0 -
,tal 163 321.9 345 896.6 16.0 20.3 - 18.0 - 3. 2 

0 52 110.0 48 101.5 7,7 - 95.8 
1 64 180.2 139 391.3 15.6 - 25.9 
2 29 99.0 113 385.9 27.6 3.5 
3 60-69 1 4.0 49 194.5 0.0 20.4 

... 4 2 8.9 27 119.9 0.0 11.1 

,tal 148 402.1 376 1193.1 14.9 16.0 - 17.3 - 11.1 

0 85 269.0 86 272 .2 4.7 - 86.0 
1 54 198.5 103 378.5 20.4 - 33.0 
2 34 145.5 81 346.7 26.5 - 13.6 
3 ~70 7 32.2 35 161.0 42.9 20.0 

~4 6 28.8 34 163.2 50.0 23.5 

,tal 186 674.0 339 1321.6 16.1 17.8 - 30.7 - 25.4 

conti 

01 

-
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'rable 10 cont • 

.£ if closure had started in the period 1961 - 62. 
(more returns expected La be received). 

Year 

o 
1 
2 
3 

~4 

~otal 

o 
1 
2 
3 

::.,4 

'otal 

Length 

group 

50-59 

60-69 

Catch without a closure 

Liners lB 

numbers 1</; 

other Subarea 1 

numbers 

67 91.8 
63 133.2 

97 
219 
125 
( 17) 
(-) 

15 42.2 

~:~ ~~.8~ 
147 

49 
56 
16 

~:~ 

274.0 I 458 

103.6 105 
157.6 217 
54.6 109 

~ - ~ ~ 2~ ~ 

kg 

132.9 
463.2 
351.9 

~5~.1~ 

1006.1 

222.1 
610.9 
372 .2 

~ 9~ . 3 ~ 

% ohange in catch after closure 

Liners lB Other Subarea 1 

numbers kg 

6.0 
22.2 
40.0 

~~.o~ 

16.3 19.0 

2.0 
19.6 
25.0 

~ - ~ 

numbers kg 

- 54.6 
- 10.5 

15.2 

~1~.6~ 

- 11.8 - 5.7 

- 30.5 
5.1 
7.3 

(29.2) 
( - ) 

~ 

121 315.8 45~ 1300.5 13.2 14.9 - 1.3 1.4 
-----r-------r----~~--_+-~------~--~~--~------~~r_----~------------

o 
1 
2 
3 

::. 4 

'otal 

~70 

123 389.3 110 348.2 7.3 
44 161.7 349 1282.6 109.0 
32 137.0 46 196.9 12.5 

~:~ ~: ~ ~~:~ ~ ~~:!~ ~ - ~ 
199 564.7 1535 1969.3 30.7 61.1 

02 

- 100.0 
10.9 

- 56.5 
(25. 0 ) 

(11.1) 

- 17.4 -15.1 

-~' 
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'able 11 
. --'Long-term effect"(defined in Section V) by a closure of Div.lB to trawling 

based on tagging of 40-49cm cod and given for two =ates of discarding (rate 

A and B, see Section 11,4). Actual figures without a closure based on 1000 

fish tagged. Kg is gutted weight. Year is calender year after cloeure or after 

tagging experiment started. Year 0 is only 6 months, tagging experiments 

starting in mid year months and closure hence also thought to start in mid year. 

l. Low rate of discarding . 
:losed Year Catch without a closure % change in catch after closure 
.n the 
leriod Liners IE Other Subarea 1 Liners IE Other Subarea 1 

numbers kg numbers kg numhers kg numbers kg 

0 20 14.7 30 22.1 0.0 - 100.0 
1 72 88.2 79 96.8 16.7 - 100.0 

155-57 2 69 124.9 91 164.7 30.4 - 36.3 
3 15 34.5 52 119.6 60.0 23.1 

:, 4 34 95.7 41 115.4 55.9 - 39.0 

Total 210 358.0 293 518.6 29.0 35.4 -49.8 -37.8 

0 37 27.2 55 40.4 2.7 - 100.0 
1 63 90.7 68 97.9 11.1 - 100.0 

158-60 2 34 71.9 32 67.1 26.5 - 100.0 
3 0 0.0 79 222.4 - . 49.3 

"4 0 0.0 105 358.6 - 36.2 

Total 134 189.8 339 781.0 12.7 15.8 ~23.0 4.,3 

23 16.9 34 25.0 0.0 - 100.0 
11 15. 8 126 181.4 9.1 7.1 

161-62 12 25.4 102 215.7 16.7 6.9 

ltal up to 
3ar 2 46 58.1 262 422.1 6.5 9.8 - 6.9 0.7 

ltimated final 
ltal 55 83.4 292 506.6 5.5 6.8 - 5.8 1.1 

I. High rate of discarding. 

0 11 8.1 39 28.7 9.1 - 100.0 
1 51 62.5 100 122.5 23.5 - 100.0 

,,5-57 2 69 124.9 91 164.7 46,3 - 28.6 
3 15 34.5 52 119.6 73.3 36.5 

~4 34 95.7 41 115.4 73.5 - 31.7 

Total 180 325.7 323 550.9 45.0 51.9 -49.2 -34·7 

0 20 14.7 72 52.9 10.0 - 100.0 
1 45 64.8 87 125.3 20.0 - 100.0 

158-60 2 34 71.9 32 67.7 47.1 - 100.0 
3 0 0.0 79 222.4 0.0 69.6 

~4 0 0.0 105 358.6 0.0 55.2 

Total 99 151.4 375 826.9 27 .3 31.9 -20.8 12.9 

0 13 9.6 45 33.1 0.0 - 100.0 
1 8 11.5 129 185.8 25.0 14.0 

161-62 2 12 25.4 102 215.7 25.0 16.7 

)ta1 up to 
ear 2 33 46.5 276 434.6 15.2 19.8 - 3.6 6.6 

3timated final 
lta1 42 71.8 306 519.1 14.3 16.7 - 2.0 1.7 

----
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'rable: 12 

Possible effect by a f"ture closure of Div. III to trawling based on assumptions 
as stated in Section VII, 3 of the t.(nt. Actual figures for catch without a 
closure are per 1000 fish rocruited in III ai; a lenr:th of 40 cm. Year is calonder 
year after recruitment; Ke; is (';11 tted weight, head 011. 

DiscQrd Year Catch without a cloGure / change in catch after closure 
rate Liners Ifl other Subarea 1 Liners 11l other Subarea 1 

Numbers Kg lillmbers Kg Numbers Kg Numbers Kg 

63.6 
I 

0 120 181 95.9 11.7 - 101..1.1..1 

1 56 57.1 110 112.2 38.4 - 33.5 
A 2 18 31.2 73 126.7 59.1 25.9 

3 5 12.5 45 112.1 67.3 55·4 
(low) ~4 2 6.3 59 186.7 95.5 50 .0 

Total 201 170.7 468 633.6 + 25.6 + 36.8 - 30.9 '" B.2 

0 66 35.0 235 124.6 27.8 - 100.0 
1 39 39.8 126 128·5 71.2 - 32.7 

B 2 18 31.2 73 126.7 92.3 ')1.9 

3 5 12·5 45 112.1 102.0 87.5 -' 
(high) ~4 2 6.3 59 186.7 145.5 eo.8 

Total 130 124.8 538 67fJ.6 + 54.6 + 72.8 - 28.2 '" 21.:, 
----- ----- --
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Growth of cod 
Divisions lA-iD offshore 

Quarter of Ju Iy 

of measurements to em be~ 
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