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Abstract Migration of cod between West Greenland, East
Greenland and Iceland has bgen modelled, and simulation runs
with two models are compared with observed tag return
distributicen from taggings made in Greenland in the 1955-64
period. The results sSuggest that the migration can be
describad as a stepwise migration from West Greenland tec East
Greenland and then further to Iceland.

1. Introduction

Harden Jones (1968) reviewed the avallable informatlon on cod
migration between Greenland and Iceland and concluded that a
migqration from both West and East Greenland to Iceland takes
place. The reverse migration, 1,e. from eastern to western

areas are found not to be of a significant magnitude.

The exact way in which the migration 1Interrelates the three
stocks 1in guestioan is, however, net known. As it is a
one-directional west to east migration only twe migration

medels seems however plausible

1) A linear 3-box model where cod movea from West Greenland to
East Greenland and then further to Iceland, 1.e.

Wast East

Greenland Greenland ’ Iceland

v

2} A triangular 3-box model vhere -od moves to Iceiand either
directly or via East Greenland, ji.e,

East
Gresnland

West

Greenland

Iceland
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In this paper we examine these two models By siwmunlating
migration and compararing simulation results with observed
recapture information from all three araeas.

2. Material and Methods

Tag return data

Table | summarizes returns from taggings made in both Wast-
and East Greenland aggregated  in five years periods. Only
returns af cod tagged at an age of 5 or older are inciuded.
70% of the total recaptures could be directly aged as otolits
were submitted, the remainiﬁg part was given an age in
accordance with an overall age-length key. Recaptures from the
tagging year are exgluded and thisg 1mplies that only

. recaptures of age 6+ are used. This age is chosen as full

recruitment to the fisheries occurs at age 6.

For Weat Greenland returns are available for the-entire period
1945-84 although experiments with Jlarge numbers of returns
exists anly fop the period 1950-64. The returns from East
Greenland only covers the period 1955-64 and 1280-84 and are
gensrally féw as not many cod were tagged in this -area, As
this work requires concurrent returns from West Greenland,
East Greenland and Iceland ohly data from the pariod 1955-64

can be used.

The majority of tagging experiments took place during summer

(more than 95% betwean May and Sapteaber- sae Hovgird and
Christansen, -1988). The time distribution of returns within
the year Qiffer, however, greatly between the  three areas,

reflecting fleet behavoir. At MWest Greenland the summer
fishery was most important, whereas fishing at ©both East
Greenland and Iceland was strongest in the first half of the
year {Fig. 1}. The pattern seen in Iceland reflects the
pronounced spawning fishery at  the south-western coast 1in
spring. The East Greenland patterns of returns are leas well
understood although the cessation in May can be related to the
cccurrence dﬁ actic drift ice. In this work we will, however,

pool all returns by calendar years.

A listing of the returns by year after tagging for the two
5-year periods considered (1955-59 and 1960-64) is given in
Table 2,

Problems in interpreting tag returns

Interpretation of tag returns is impeded by various kinds of
systematic errors. HRicker (1975) classifies these errors in

Lwo groups :

A-errors- are cﬁused by mortality aasscciated with the tagging
and by incomplete reporting of tags. These ercors affect the
number of returns but not the pattern of returns and, 1t is
hence possible to calculate total mortality from‘tag returns.

We expect that the reporting of tags in the three areas in
question can be quite diffareat and have, therefore, chosen to
work only on the return pattern, i.e. the proportion of tag

‘returns in successive years,
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B-errors occur Lf tags are lost at a‘steady instantaneous
rate, either by a physical loss of tags or by an over-death
assoclated with tﬁe tags. 1In this case the estimated Z will
reflect the moriality of tagged fish only and not the true 2
in the population. Ricker (op. cit} suggésis that the size of
B-errors should be evaluated by‘compar?ng z's from recaptures

with 2's astimated from catch curves.

Catch cu;ve Z's from West Gfeenland were calculated from catch
at age data compiléd from Schumacher (1971), Horsted et. al.
{1984) and Anon. {1989). These calculations were done o¢n a
year-class basis. {i.e. diagonally down the catch at age
matrix) using only age groupé 6-10 in order to exclude the not
fully recrulted younger fish and the older fish which might be
poorly estimated due to thelr scarcity. GEatimations of Z's
from tag returns were made after pooling tagging’ experiments

by S5-years pericds.

Modelling the recapture pattern

A simple time discrete model 1is constructed to seimulate
migratien and recapture pattern, - The model contains thrae
populations inhabiting West Greenland, East Greenland and
Iceland, respectively {fig. 2). Each population is subject to
natural mortality (M}, fishing mortaltity (F)‘ and migration
'mortality' (E). The numbers lost due to these mortalities
over a time interval t, are

Zt

Catch (F/Z) % (1<e °7) x § = £ x N

Nat. deaths = (M/Z) x (1-e_2t) X N = mx N

Migrants = {(E/Z) x (1-e_2t) x N =k x N

The migrants are 1u£roduced to the recleving areas in discrete
steps. The migrantn leaving West Greenland are split up in two
groups. . One fraction (alfa} is routed to East Greenland while
the rest {(l-alfa) 1In routed to Iceland. Using alfa=1 all fiéh
can be routed from West Greenland through East Greenland into
Iceland i.e. resulttng in 3 3-box linear model. ﬁsing C<alfa<x?

a4 3-bex triangular model emerges.

The model is wriltten in DYNAMO and is run with 48 time steps
per year. An account of the numbers caught and those that die

due to natural mortality are kKept for all three areas. In
starting the model 1 3tock of 1000 cod tagged 1st of J;.:].y at
West Greenland is used. By trial and error different valuas of
mortality and miyrations are applied -until the return
distributlona cal.omtated for East Greenland and. Iceland
closely resembles 10 observed ones.

A drawback with thts model 1s that it requires input of seven
parameters M, . F . E,» For Egr Fy and alfa (assuming an
universal M and no wmlgration out of Iceland} and hence gets
very flexibla. However, Some sigpiifications can be made by

considering some Eaatures of catch curves.
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Factors influencinq the shape of ‘catch curves.

The timely distributlon of tag returns is commonly used to
calculate total wmottality (Z). The numbers caught annually
usually declines expeonentially and 2 |is determined by

regressing ln{recaptures) vs. time,.

If some tagged {flsh migrate at an instaatanecus rate to
another area then the recapture pattern will not show an
exponential decline with time {in the new area as this a?ea
recieves new migrants continously. Howevar, the shape of the
recapture pattern will depend only on the 2Z's in the two
areas. An instantaneous emigration implies that the number
migrating is propoctional to stock size, i;e .

Migrants = k x N, ’ (Nt= stock size)

As N~ = N x e‘zt tt is clear that the numsber of migrants in

t
any pertfod is simply a scaling of the stock size at the time.
Varylng tha migration rate (k) will not affect the time
pattern of pgigpatton, although, of cause the absolute

magnitude.

The number of recaptutes 1In the new area at any time is
likewise

Catch = £ x Nt

i.e. the number racaptured 1s a scaling of stock size, The
stock , size .at any time 1is dependent of input (which is a
gcaling of the stock size in the first area and hence a

function of 21) and decay in area 2 (i.e. zz). In total the
recapture distribution in area 2 is dependent only on zT and
Z_. ’

2

This 1is illus;rated by calculating the return distribution in
the recieving area under four sets of varying values of
fishing mortality and migration coefficients, but with uniform
levels of Z's {Table 3). ’
These considerations can be extended to cover wmigration

between three areas. In this case (i.8. what we name a 3-bhox.
linear @model) the return pattern in area three will be
dependant on only ?I’ z, and 23. These findings facilitate
simulacions as it is not necessary to make assumptions about
the silzes of F's E's and M's as long as thelr sum is constant
and their relative contributions are maintalned .during the
experiment. This simplification 1is only valid becausé we
restrict our interestis to the return pattern in time and hence
exclude information on the actual numbers r;turned {which is
exactly what one is doing when determinig 2's from simple

catch curves}.

Estimations of 2's
The calculation scheme 18 slightly different for the linear
'

and triangular model.

In the linear model the procedure is to




1. Determine 2 from a catch, curve of recaptures in
w .

v

the tagging area.
2, Run the simulation model with this Zw and a Eange of Ze‘a.

3. Select that value of 2, which results in a return
distribution which resembles the observed return
distribution best.

4, Run the model with zw and Ze for a range of zi's.

5. Select tha best value of Zi.

In the triangular model Zw and ze are estimated as above. The
return distribuation in Iceland will, howaver, depend on three

other parameters

1) The fraction of migrants from W. Greenland passing thgough
E. Greenland (alfa},

2) The size of the emigration from E. Greealand to Iceland
(Ee)

3) The slze of total mertality at Iceland (Zi).

In the simulation, values of‘Ee are guessed and ¢ombinations

of alfa's and zi‘s which creates a resenable Fit to the

observed return pattern are sought

3. Results

Estimation of Z's at West Greenland

The return distribution of tags and the calculated Z for West
Greenland taggings forc all 5 yaa:- periods since 1945-49 is
shown in Table 4 and compared to the 2Z's determined from catch
curves in Fig. 3. The catch curve Z's increases from the start
of this timeseries in 1956 and until the late 60'les from when
on it stabilizes at a lrevel of 0.9: 2's from the tag.returns
are increasing steadily until 1965-69, whereafter a reduction
is seen. The general increase in Z up to 18970 has previously
been documented both from tag return data (Horsted, 1969) and
catch-at age data {Schumacher, 1971). The reduction seen in
the 2's from taggings after 1970 does, however, not ﬁgree with
other findings {see for instance Horsted et, ' al. 1984). It
should be noted that the Z's from tag returns after 1970 are
based on very faew ocobservations (Table 4}. ’

When looking at the pertod 19%5 to 196% (Fig 3), i.e. the
period when the Z-values determined from returns are based on
high numbers of recaptures these Z's are approximately 0.5
higher than the 2's calculated from the catch-at-age data. We
attribute this difference to B-errors, l.,e, continous tag-loss

‘or over-death of tagged individuals,



If the tag-lass aione accounts for a mortality of 0.5 then the
Z for 1945-49 of 0.5 must be estimated wrongly, This is not
unreasconable as catches in the decade aftar WW 2  skyrocked
from almost nil to.300.000 toanes a year. .Etfort and hence
fishing mocrtality must have increased dramatically - and this
will 1lead ¢to an underestimate of Z2's from the catch curve on

tag returns.

In the simulations the values of 0.83 and 1.08 15 used for the
periods 1953-59 and 1960-64, respectively,

Estimation of Z2's on East Greenland

For East Greenland, Z for the period 1955-59 has been directly
calculated froa tagging experiments made on East Greenland in
this period (Table 2) i.e. by linear regression of
ln{recaptures) vs. time. The value of Z found in this way.is
0.83+ 0.20. Data for the 1960-64 are to few for Justifying

this prdcedure.

Z's for FEast Greenland have further been calculated by
simulating the observed distribution of recaptures at East
Greenland from West Greenland taggings. For the perlods
1955-59 and 196C-64 (Zw's being 0.83 and 1.08, respectively},
cholses of Ze's of 0.7 (1955-59) and of 1.3 ({1960-84) give
good descriptions of the obderved return distributien (Fig.
4). The Z for E£ast Greenland found in this way for the 1355-59
pariod is within the 95% c¢onfldence interval of the 32
detarmined directly on East Greenland tagging experiments in

the same period.

Estimation of Z's on Iceland

Linear model ) .

In this scenario filsh migrate from Weat Greenland to East
Greenland and further on to Iceland,. The simulation requices
zw data Erom West-Greenland and ze data from East Greenland.

The input paraseters used are

1955-59 ] Zw = 0.83 Ze = 0.83
1960-64 2 = 1,08 . Z = 1.3
w e

The best description 1a achieved with Zi's of 1.4 in both

periods (Fig. S) and in both cases the model produces a return
pattern closely resembling the observed return distribution. '

Triangular model

Before actually working- with the trilangular model it is
illustrative ‘to evaluate a situation with cod migrating
directly from West Greenland to Iceland (i.s. a linear 2-box
model). Tﬁis madel dces not produce'realistic reaturn patterns
as the :typical domed shaped pattern observed in Iceland can:
not be repreduced (Fig. 6). To create this type of a2 return
curve some delays of entry into the TIcelandie area is
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necessary. One way of achiaving this is to apply A much lowar
Z in West Greenland. This can, however, pardly be justified as
the estimates of zw's are based on p}gh numbers of reCapturés
(table 4) and are relative precisely detarmined.

The other way to delay migration into Iceland is to diverge
some c¢od through East Greenland, i.e. the triangular model.
The proportlon diyerged must be high as delays also ipplies

that these fish are subject to high mortalities {(M+F+tag-

loss). Small fractivns routed through East Greenland will
hence not serlously change the pattern shown on fig 6. For the
same reason Ee must also be high,

In the simulaticns, values of Ee of 0.1 and 0.5 have been used

" for 1955-59 and 1960-64, respactively, These values are almost

as high as possible considering the .restrictlons existing
[knowledge of Ze. M=0,2 and tag loss=0.5},

For the 1955-59 period it 1is only possible to produce
recapture distributions clese to the observed ones if the
proportion rcuted throuéh East Graenland i{s in the size range
of 0.95 or abova. This is to be expactad Jith the gquite low
value of Ee' The 1360-pericd is more interesting with - itas
higher Ee. However, even for this period the model fits the
observations better the closer alfa gets to unity i.e. as the
proportion routed through East Greenland increases ({Fig 7).
The best fit is achleved with the following combinations of
alfa and Zi.

Alfa 0.7 0.8 0.9

4. Discusgsion

The simulatirns Show  that the best description of the
recapture pattetn 3t Iceland 13 achleved when using a linear
J-box model, Ll-®- when‘all figh migrating from West Gr?enland
to Iceland pausés through East Greenland. In the triangular
model, where some cods migrate directly from West Greenland to
ITceland without gnte:;ng East Greenland, acceptable agreements
between sipulatlons and observations are achiaved only if this
direct amigration 1S small. In this- case of course, the
triangular modal ts in effect reduced almost to  the 1linear

model.

In the linear model the followingAZ's have been used,

4

Period West-ureenland East-Greenland Iceland
195559 ' ©0.83 0.83 1.4
1960-64 . 1.08 : 1.3 1.4

Aée thegse values now reaiistic ? No other estimatés of Z.ara
available for FRast Greenland. For Iceland F's from 1963 to 87
haﬁe been caLguLated b& VPA assuming M=0.2 and no migéation
out of the area (Fig. 8). T for 63-64 is around 0.6. Adding



! ¥=0.2 and a “tag loss" of 0.5 leads to a 2 of 1.3 i.e. the
same magnitude as the'z determind -for the model, Thus, when
i assuming a tag Lloss of the magnitude of 0.5 the linear J-box

model predicts ceascnal lavels of Z in Iceland.

Use of the model

In the linear J-box model it is possible to’ give analyticéi
expressions of the total numbers of recaptures expected in all
three recaptures -areas from taggings carried out in West
: Greenland Lf the ceporting rate are known. (se Appendix).

. . If assuming that . the reporting rates were the same in East
Gfeenland and Iceland it is ppssiple to express the emigration
rate at Bast Greenland as a function of F at East Greenland :

E = F X (Ri/Re) X (Zi/?i)

whare R R are total returns in East Greenland and Iceland
' ° . .
from a éagglng experiment at West Greenland. Using the

observed R /R, = 2 for the 1955-64 period and a Z 1.4 and
1" e ' : ‘

Fi-O.T, this leads to an E four times am large as F. This
suggests that the fiow ¢f flsh through the East Greenland area
13 much more important for changes in stock size -than ars the
Eisheries. This is in agreement with tha findings .of the
ICES East Greenland Cod Working Group.
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Tabel 1 Recaptures of age 6+ cod tagged 1ln West and East Greenland
aggregated by 5 yaaks pericds.
Taggings in West Greenland

Recapture area West Greenland East Greenland Iceland

Years .
1945-49 193 1 34
1950-54 1342 10 122
195%-59 2194 48 116
1960-64 ©o1441 101 : _ 193
1965-69 . 282 14 52
1970-74 59 ‘ 14 - 22
1975-79 16 Y 10
1980-84 12 2 11

Taggings in East Graenland

Recapture area West Greenland East Greenland Iceland
Years

1955-59 .~ ‘ : 8 58 143

1960-64 I 8 46

1980-84 ’ ' 1 : 43 21

Table 2: Tag returns by tagging area, years after tagging and area af
recapture for West- and Zast Greenland taggings, 1955-64.

West Greenland taggings

1955-59

Years after tagging 1 .2 3 4 5| 6 7 8 9 10
Return area

West Greenland T1272 513 236 a4 59 16 11 3 ¢4 0

East Greenland 12 14 9 5 s 2 1 0 0 o

Iceland ‘ 20 32 29 18 12 3 2 0 0 0

IBEU-ék . P

Years after tagging 1 2 3 4 S 6 7 8 9 10
Return area

West Greenland ‘893 313 157 51 20 6 ! 0 4] 0

East Greenland a7 29 14 6 60 1 9 o 0 0

Iceland ) 44 67 45 30 7 0 60 o 0

East Greenland taggings

" 1955-60
Years after tagging 1 2 3 4 5 6 7 8 9 10
- Return étea- -
West Greasnland : 2 2 2 2 0 0 o} 0 0 [}
East Greenland 27 17 10 3 1 ¢} 0 0 o} 0
Iceland 40 52 30 16 3 .2 a9 0 0 0
1960-64
Years after tagging 1 2 14 5 6 7 8 9 10
Retutn area )
Weat Greenland 1 0 1 1 0 0 0 o o}
East Greenland 33 2 6 0 o 0o 0 0

Iceland 17 15 11 2 1 0 Y 0 0




Table J: Four

simuilations

two which recieves migranta

assumed taged at 1, Jaﬁuary

Mcodel barameters

_ID_

of numbeérs caught per year Ln aresa
from. atvea ona. 1.000 fish 1s
year 1 in area 1.

RUN M IF1 E, : F, E, z,_
1 Q0.4 [ 0.7 0.3 0.4 0
2 0.4 0.1 . 0.1 0.6 .
3 0.3 0.2 . 0.5 0. 2.
4 0. 0.3 0.2 . 0.7 0 0.
Recaptures in area 2
YEAR 1 2 3 4 5 6 7 8+ T;tal
" Run R
1 - 8.828 13.371 10.293 6.596 - 31.8B80 2.172 1.178 1.293 47.61
2 2.943 4.457 3.431 2.19¢ 1.293 0.724 0.393 0.431 15.87
3 29.43 44.57 4. N 21.99 12,93 7.24 3.93 4.32 158.72
4 41.20 62.40 48.03 30.79 18. 10 10.14 5.50 6.05 222.21
% 18.54 28.08 21.61 13.86 8,15 4.56 2.48 2.72 100,00

Table 4: Recapture at West-Greenland from West Greenland taggings by year
after tagging, aggregated by S-year perlode., Z calculated by ragressing
ln(recaptures) vs. year. '

1

Recp. ¥r. 2 3 4 5 6 7 8 9 10 2
Tag. Eeriod ]

1945-49 166 96 62 a9 13 8 0 6 3 0 0.50
1950-54 657 330 191 a5 44 12 . 7 4 1 1 0.77
1955-59 1272 . 513 - 236 84 59 16 11 3 0 0  0.83
1960-64 893 - 313 157 51 20 6 1 ] Q 0 1.08
1965-69 201 68 12 1 0 0 0 0 0 0 1.76
1970-74 42 14 2 2 1 1 0 0 o 0 0.95
1975-79 9 5 1 0 1 o 0 0 0 o} 0.57
1930-@4 9 3 0 o] 0 [+ Q o] ¢] ] 1.09

T
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Fig. 2 : Diagram showing the flow of cod used in cunstructing.
the two simulation models, By choosing alfa=1 (i.e.
disconnecting the direct flow between West Greenland and
Iceland) a linear 3-box model is made, Otherwise, (0< alfa «<1)
the model is triangular.
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Fig. 3 : Total mortality (2Z) in West Greenland, 1945-84, as
determined from catch-at-age and tag return data.
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Fig. 4 : Observed tag distribution by year after tagging in
East Greenland from West Greenland tagging experiments in

1955-59 and 1960-64 compared to simulated return
distributions.
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Fig. 5 : Observed tag distribution by year after tagging in .

Iceland from tagging experiments in West Greenland, compared
with simulated return distributions from the. 3-box linear
model,
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Fig. 6 Observed tag distribution in Iceland from West

Greenland tagging experiments, compared to simulated return
distributions from a 2-box West Greenland to Iceland model.
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Appendix

Some simple expressions of expected returns in the 3-box model

In a tagging experiment the total numbers of expected returns
can be exprassed as

'
1

R =ax Nx (F/2)

where R designates the total number of returns over time, a is
reporting rate of returns, N ig number of tag releases and F
and Z are fishing- and total mortality, respectiveiy. When
fish are migrating at an instentancus rate throdgh different
areas some simple extensions of this relationship can be
deducted,

Using-the indices W, e, i, for W. Greenland, E. Greenland and
Iceland, respectively, the numbers of expecﬁed returns in the
three areas from tag releases at 'West Greenland can be
expressed as :

(1) R =a x N =z (F /Z )
W w w oW
(2) Re = 8, X N X (Ew/zw) X (Fe/ze)
{3) R, = a, x N x (Ew/zw) X (Ee/ZeJ X (Fi/Zi)

Use of these expressions are impeded by the lack of good"
information on the size of the reporting rates,. For West
Greenland, at least, we think that the reporting rate is quite
dependent on fleets (Horsted, 1963} and that it has changed
markedly during the post war period.

The expression used in the 1last section of the paper is

derived by assuming that ae=ai and then rearranging equations
{2) and (3).
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