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Migration pattern of juvenile cod (Gadus morhua) on the Swedish
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A tagging experiment was carried out on the Swedish west coast (Skagerrak-Kutlepat
area, 55-59°N, 11-12°E) to study migration of juvenile cod (Gadus morkua). 437 and
4255 tagged (1 -group) cod were released in early summer and autumn 1986, respectively,
at five shallow (5 10 10 m} siations. Three yeurs alter release. 300 (6.4%) tagged cod had
been recaptured. During the summer and autumn of 1986 fish released both during the
early summer and sutumn 1986 were located close (o the tagging sites. indicating mited
movemnent during this time. At an auge of 2 years and a stundard length of 30 to 50 cm,
general ofTshore migration to deeper water was observed during winter of 1987 The main
direction was to the south and west suggesting a migration to spawning areas in the
eastern North Sea oran the southern Kuttegat. The major offshore migration of 2-vear-
ald cod suggests that locul coastal spawning und coastal stocks are of minor imporlance

an the Swedish west coast.
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Introduction

Intheearly 1980s a drastic reduction in the landings of cod
{Gadus morhua L) wasreporled in the coastal fishery along
the Swedish west coast (Depgerman, 1985). Young fish sur-
veys conducted offshore in the Skagerrak—Kattegat area
suggested a weak recruitment over several years coupled
with a high fishing effort (Pihl and Ulmestrand. 1988). The
shallow walers of the Swedish west coasl are known to be
nursery areas for juvenile fish where cod play a major
predatory role in the coastal ecosystem (Pihl, 1982). How-
ever, little is known about recruitment and the importance
of different spawning stocks. either coastal and offshore,
for the cod populations in the Skagerrak-Kalttegat area.
Moth-Poulsen (1982) demonstrated the existence of four
genetcally distinct cod stocks in the Skagerrak-Kauegal
and adjacent areas: the southern Baltic, the Danish
Belt Sea, the Kattegat-northern Sound area. and the
Skagerrak. Thus, the cod populations in the Skagerrak
und the Kalttegat arc most probably recruited from
different spawning areas.
Juvenilecod in the Skagerrak—Kattegat cxhibi a signifi-
cant difference in length distribution between 1-group cod
from the western Skagerrak and I-group cod from the
northern Kattegat (Pihl and Ulmestrand, 1988). In the
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easlern Skagerrak. however, a polymodal length distri-
bution was found for 1-group cod. overlapping the length
distribution (rom the other two areas, These results
suggest that the stocks in the western Skagerrak and
northern Kattegat are from separale spawning aress.
Due to larval transport these stocks could be mixed when
recruited to coastal areas in the eastern Skagerrak. Local
coastal spawning has not been reporied on the Swedish
Skagerrak coast (Pihl and Ulmestrand, 1988).

Both local coastal and offshore spawning of cod have
been reported in Norwegian coastal waters (Dahl. 1906;
Dannevig, 1966; Dahl ef af., 1983; Godo, 1984; Reisegg
and Jerstad, 1984). Cod spawn mainly in {jords on the
Norwegian Skagerrak coasl, und tagging experiments
have shown that cod exhibit limiled movement during at
least their first 4 years (Loversen, 1946; Moksness and
Oiestad, 1984). Local stocks in these areas are of consider-
ableimportance for the coastal fishery (Dannevig and van
der Eynden, 1986), and are clearly separated from the cod
populations of the open Skagerrak (Danielssen, 1969),

Afier several years of low recruitmentin the Skagerrak-
Kuttegal area an exceptionally high recruitment occurred
in 1985 (Anon.. 1991). as indicated by high densities of
U-group cod in by-catches of the [yke-nel eel fishery during
autumn. This event offered an opportunity to follow the
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Figure |. Map of the study area on the Swedish west coast. The figure shows the location of the five stations where the tagged cod were
released. and the position of all offshore recaptures made in this study,

development of a strong year-class, and Lo get more infor-
mation on the recruitment dynamics of the cod popu-
lations and the role of coastal areas as a nursery for
different spawning stocks.

Material and methods

Juvenile (1-group) cod were tagged and released at five
stations oa the Swedish west coastduringtheearly summer
(June) and autumn (late September 10 early November) of
1986 (Figs 1, 2). Each locality was a small bay with a rocky
shore line and a water depth varying between | and 10 m.
Mean waler surface temperature is similar in such bays on
the Swedish wesl coast, varying between 5 and {4°C in
spring and autumn and between 14 and 20°C in summer
(Pihl and Rosenberg. 1982), During winter, ice normally
occurs for some weeks. The surface water salinity in the

study area is influenced by the north-going brackish water
Baltic current. At the northern stations (1 and 2) salinity
normally fluctuates between 1 5and 25 and at the southern
localities (4 and 5)salinity ranges from 15to 20. At Station
3. situaled outside Géta Alv River, salinity varies within a
wider range due to fluctuations in fresh water outflow.
The tidal range is about 8.2 m at all stations.

Experimental cod werc caught in fyke-nels in vegetated
(Zostera marina L., Fueus vesiculosus L., and Fucus
serratis L.} areas between | and 5 m deep. After capture
they were held in sitw in net cages for 1 to 5 days before
tagging, and were released near the original capture sitein
510 10 m depth after being tagged.

Floy flagtagswereattached tothe dorsalmuscle anterior
to the first dorsal fin during a handling time of approxi-
mately 15s. Standard length of all tagged fish was
measured. and ranged from 19 to 34 ¢cm (mean 26.5 cm).
Tagged fish were immediaiely transferred to a holding
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Figure 2. The location of all inshore recaptured cod at Statien [ 1o 3 on the Swedish west coast. Early summer and autumn released cod

are not separated.

cage i sirw. and held for I day to ensure survival from
handling before release. No fish died in the holding cage
after being tagged and belore being released,

All 1ogether 4692 I-group cod were lagged. In early
summer(Junc)437 tagged cod werereleased at Station 1, 2,
and 4 during the autumn (late September to early
November) 4235 fishes were tagged and released at Station
I 10 5. The number ind size range of fish released al each
station on cach occasion is shown in Table 1. Mean
absolute displacement wasestimated forall recuptured cod
and mean direction was estimated for offshore migrating
cod.accordingio Svdsandand Krisicnsen (1990} (Table 2).
Cod recaptured inshore were taken with fyke-nets, gill-

nets, and hooks, whereas offshore recaptures were made
by commercial demersal trawls.

Results

A 1otal of 300 tagged fish (6.4%) was recaptured within
3 years of release. Recaptures varied between 6 and
13% for fish released in early summer and between 2 and
9% for fish released in autumn at the different stations
(Table ). 215 of the 1agged cod were recaptured within
100 days and 280 within 300 days ol release (Fig. 3). All
recaplures, except lwo, of summer-tagged cod occurred
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Table [. Numbers and size-range {total length, cm) of juvenile cod tagged and recaptured at the five stations on the Swedish west coast
during early summer (June) and autumn (late Seplember to eurly November) 1986.

Numbers Size range Recaptured Size range
Locality tagged {cm) {%) (cm)
I. Early summer 100 20-31 16 (16) 27-31
Autumn 763 21-34 16 {2} 30-38
2. Early summer 85 23-32 [1i13y 23-36
Autumn 1226 20-33 107 (9) 21-50
1. Autumn 1000 23-34 35 (5.5 2545
4. Early summer 252 19-29 14 (6) 20-34
Autumn 1001 24-34 68 (M 27-4%8
5 Autumn 265 16-34 13 (%) 3040

Table 2. Mean distance travelled (km) and mean distance travelled per day (m) of juvenile cod released at the five stations on the
Swedish west coast during early summer (June) and auiumn (late Seplember to early November) in 1986. Standard deviation (S.D.)
given in parentheses. The mean directions (°) of offshore migrating cod releused during autumn are also given in the table. Range of

direction is given in parentheses.

Mean distance

Meun distance

Meun direction of

travelled travelled per day Numbers offshore migration
Station (km) (m) {n) )
1. Early summer 1.0(0.3) 75(67) 16 -
Autumn 37.4(65.7) 537 (661) 16 212.7(166-315)
2. Early summer 1.1(L8) 94 (2K5) [l -
Autumn 7.3(12.0) 240 (456) 104 224.2 (210-259)
3. Autumm 20.2(43.4) 239 (450) 55 197.5(5-335)
4. Early summer 3859 164 (318) 14 -
Auiumn 14.2(42.3) 308 (373 68 230.6 (153-330)
5. Awtumn 20.8(30.9) 189 (246} 13 248.3 (225-262)
1o cod were caught at any later date in the archipelago. Seven
'u'é 80; O Early summer tagging of the recaptured cod made long distance migrations Lo
3 i H Autumn tagging deeper water {40-90 m) of the south and east Skagerrak
& & (Fig. 1). Of these, four were caught within 6 months of
g relcase.
W . .
}D‘: 40 All of the recaptured cod. tagged at Station 2 in early
E summer and most (90%) ol those tugged in autumn were
S 20 C
Zz caught within 6 months of release and were found mainly
near the mouth of the fjord at depths < 10 m. Only one

] A O D F A

Figure 3. Numbers of recaptured cod each month afier the
release in early summer (light) and autumn (dark) [986.

belore December 1986. Of the autumn-released cod 65%
of the recaptures occurred during the same year, and 12,
11, and 8% were taken during winter {(January-March).
spring (April-May), and summer (June-August) 1987,
respectively (Fig. 3).

Twenty-five out of 32 fish recaplured at Station 1 were
caught within 6 months in shallow waters (< 10 m) in the
archipelago near the release site (Fig. 2). Despite intensive
fishing with fvke nets in the area of Station 1 no tagged

fish caught in the outer part of the fjord had crossed 10 the
other (north) side. The fjord has a maximum depth of
120 m and a sill depth of 40 m. Seven fish were lound in the
inner part of the {jord 6 months after release or later and
one was recaptured in an adjacent [jord (Brofjorden: Fig.
2). Three of the cod found in the inner part of the fjord
werecaught at water depths > 10 m. Sixindividualstagged
at Station 2 were found outside the fjord in deeper water
(60 10 90 m) (Fig. 1). The main direction of migration was
to the south-west (Table 2), and the time of capture after
release varied from 2.5 to 13 months.

At Station 3 tagged cod were only relcased during the
autumn. Forty-two of the 53 recaptured fish were foundin
shallow water (< 10 m) within the archipelago (Fig. 2).
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Figure 5. Relation between the body length (cm) of cod at the time of recapture and the distance of mgration {km). Level of
significance wus p<0.000] (Spearman rank correlation). Recaptures from all stations are pooled.

Eleven ol these fish were found at least 6 months after
release. Thirteen of the recaptured cod from this station
were fromdeeper (30to L 10} m) ofishore waterin Skagerrak
and Kattegat. eight of which were caught within 6 months
after releuse (Fig. 1). One was caught in the Oresund
176 km south of the tagging site. In addition, one cod was
recapturcd at 35m in the Byfjord. about 60 km north
from the release site.

Sixty-two of the 73 recaptured cod tagged at Station 4
were found within 6 months in shallow water (<10 m)

close 1o the release site (Fig. 2). Remaining recaptured cod
were caught offshore in deeper (15 1o 90 m) water, mainly
in the Kattegat (Fig. 1). Eight of these were caught later
than 6 months afiter release.

At Station 5 tagged Ash werc only released during
autumn. Ten of the 13 recaptured cod were found in
shallow water { < 10 m) in the Laholm bay (Fig. 2}, six of
which were found within 6 months of release. Three cod
from this station were caught offshore 1n the Kattegal at
depth between 15 and 40 m (Fig. 1).
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Seventy-eight per cent of the cod recaptured inshore
were taken in fyke nets, 13% were caught with hooks, and
9% were taken in gill-nets, The offshore recaptures were
all made by Swedish and Danish demersal commercial
trawlers.

The distance the 1agged cod had migrated when recap-
tured varied with season and length of the fish (Fig. 4).
The mean distance ol migration for cod lagged and
released in early summer 1986 was 2.04 km (S.D. =3.63,
n=139). All. except two, were recaptured within 5 months
{summer toearly autumn)and the migration distance was
similar over this period (Fig. 4). The mean distance of
migration for cod tagged during autumn 1986 was
448 km (5.D.=7.65. n =182} during the two first months
atter the release {before | January 1987) (Fig. 4). For cod
caplured after 2 months but within 9 months after the
release in autumn, the migration distance was variable but
generally higher (mean=35.15km. $.D.=6543. n=72).
The low number of recaplures after 9 months precluded
calculations of migration distances.

For cod tagged in early summer the mean distance
travelled from the release site ranged for the five stations
from 1.0 to 3.8 km and for those tagged during autumn
from 7.310 37.4 km (Table 2). The mean distance travelled
per day for cod released in early summer and autumn
ranged from 75 to 164 and 189 1o 537 mday ™', respect-
ively (Table 2). About 50% (148 individuals) of all recap-
tured cod moved less than 100 mday~', and of these 31
were found at the same place as released. For 43% of the
recaptured cod the distance travelled was between 100
and 1000mday™' and for 7% >1000mday " The
highest “speed™ recorded in this investigation was
2251 kmday~', for a cod released at Station 3 and caught
in Skdlderviken Bay in the southern Katiegal.

The length of the cod was reported lor 66% of the
recaptures. It ranged from 19 o 60 cm and was signifi-
cantly positive related (p <0.0001, Spearman rank corre-
lation) to the distance the fish had moved from the tagging
sites (Fig. 5). Fish with a body length < 30 cm when cap-
tured were relatively stationary, whereus larger fish
exhibited a more variable migration.

Discussion

Although the recapture rate of 6.4% in the present study
is comparable to thal of other investigations on juvenile
cod in coastal areas (Otterlind, 1961; Johnsson er af.,
1991). it scems low when considering the rather high fish-
ing intensily in the Skagerrak—Kautegat area. The low
recapture rate could be caused by several factors of which
tag lass. non-reported recaptures, and tagging mortality
are the most probable.

When analysing the result from a tagging experiment it
is important to consider the structure and intensity of the
fishingeffortin the urea where the study is conducted. The

probability of recaptures pgenerally decrease with time
and distance from the release, mainly as a consequence of
dispersion and mortality of the fish (Jones, 1966). This
pattern was also obvious in the present study where 86%
of the recaptured fish were found inshore. mainly at depth
< 10 m close 1o the areas of release. In addition, areas of
intensive fishing would be expected to have the highest
rale of tag returns and therefore might have biased the
interpretation of the migration data. Forexample, ifall the
recaptures were from areas of intensive fishing that does
not mean that fish might not have been migrating else-
where. This problem can not be avonded since tag returns
in this study were mainly dependent on commercial
fishermen.

In the archipelago of the Swedish west coast fyke net
fishing is intensive. especially during autumn. and most
(78%) of the inshore recaptures were taken in this gear. Of
the 437 cod released in early summer 1986. 9.4% were
recaptured, and all were taken inshore within 6 months
after release. The distance of migration was low and simi-
lar for all fish during this period (Table 2 and Fig. 4).
indicating relatively stationary behaviour for |-group cod
during summer and autumn, similar to that reported for
immature cod in Norwegian coastal arcas (Gode. 1984).
The absence of long-distance recaptures of cod released in
early summer could be due to the low number of tagged
fish and increased dispersion and mortality during winter.

Eighty-four per cent of the recaptures from the autumn
1986 tagging were found inshore. Most of the cod were
taken during autumn and winter and, despite intensive
fishing with fyke netsin the vicinity of the tagging stations,
only a few individuals were found in the archipelago later
than6monthsaftertherelease. Recapturesduring autumn
and winter were randomly distributed around the sites of
release al all stauons except Station 2. Here. a general
westerly migration in the Gullmar fjord was observed.
There is no indication that this was a consequence ol more
intensive fishingin the outer part of the fjord. compared to
the inner part. Together with the observed low recupture
rate inshore 6 months after release this is an indication of
an offshore movement during the winter. Bagge {1973)
concluded from tagging experiments, carried out in the
North Sea and the Kattegat in 1971 and 1972, that imma-
ture cod did not undergo extensive migration until reach-
ing a body length of 70cm. In our study 1-group cod
released during both early summer and autumn were rela-
tively stationary during the summer and autumn. During
the following winter and spring, however, cod with a body
length of 30 Lo 50 em were found at a distance of up Lo
150 km from the tagging sites (see Figs 4. 5). suggesting
migration at a smaller size than that observed by Bagge
(1973).

Sixteen per cent ol the recaptures from the autumn
release were caught offshore at depth between 15 and
110 m. Most of these (65%) were taken later than 6
months after the release. The general direction of the
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migration for these fishes was to the south-west (Table 2).
Cod from Stations | and 2 had moved to the south along
the Swedish west coast and also to the west to be found
north of Denmark, Cod released at Station 3 had
migraled either westward to the Skagerrak or southward
to the Kattegat, whereas offshore recaptures from Station
4 and 5 were found in the Kattegat.

The offshore migration sturted during the winter, about
Y months after the release of the fish tagged during the
autumn (Fig. 4). At this time the cod were almost 2 years
old and the offshore movement was most probably the
start of the spawning migration. The migration could
have been trigeered by decreased tolerance to variation in
shaltow water temperaturc and salinity (Dannevig, 1966,
Riley and Parncll, 1984). or by a shift in the diet from
crustaceans (o fish (Borje er ai., 1987: Daan, 1973). A
similar offshore migration of 2-year-old cod was reported
from the North Sea by Riley and Parnell (1984). In the
Kaltegatl adult cod concentrate in the south-castern part
for spawning during February and March (Borje er af..
1985; Pihl and Ulmestrand, 1988). In the Skagerrak ., how-
ever, mature cod were not found in high densities during
winter (Borje et al.. 1985; Pihl and Ulmestrand, 1988;
Hagstrom et af., 1990), except in Norwegian coastal
waters (Dahl, 1906, Dannevig. 1966; Dahl et ai., 1983).
The spauwning areas for the Skagerrauk population ure
most likely to be located west of Denmark in the eastern
North Sea (Bedford, 1966 Jones, 1972; Daan, 1978,
Heesen, 1990), This is supported by u tapging experiment
carried out on the Danish Skupgerrak coast, where 14% ol
the recaptures, most of which were mature individuals,
were [rom the eastern North Sea (Danielssen. 1969). If
cod migrate offshore in spring and summer during their
second year of life, as indicated in this study, they could
Jon the purental stocks at the spawning areas during the
following winter at an age of 3 years. This is in agreement
with data on lowest age at maturity for the spawning
population in the Kattegat (Bdrie er afl., 1985; Hagsirom
eral., 1990).

The ofishore migration of the 2-year-old cod is gener-
ally against the direction of the major currents in the
Skagerrak—Kattegat area (in the Skagerrak the Jutland
current and in the Kattegat the Ballic current) and would
compensate for larval drifl from the spawning areas. The
Jutland current enters the Skuagerrak from the North Sea
north of Denmark and generally turns north along the
Swedish west coast (Svansson, 1975). The Baltic current
enters the southern Kattegat from the Ballic and runs
along the Swedish west coast 1o the north. In this way
the southern part of the Swedish west coast would be
supplied with larvae from spawning areas in south-castern
Kattegal, whereas the northern part would be supplied
with u mixture of larvae from the south-casiern Katlegat
and the eastern North Sea. The shallow water archipelago
on the Swedish west coast is likely to be 2n imporiant
nursery area for two cod stocks, spawning offshore in the

Kattegal and the North Sea, respectively. Juvenile cod
utilize the high production of benthic organisms during
their iwo first vears of life (Pihl. 1982; Pihland Rosenberg,
1982). whereupon they join the parental stock offshore. In
shallow coastal waters juvenile cod also experience
reduced predation by adull cod and other piscivorous fish
species which could be significant in offshore waters
(Daan, 1973; Riley and Parnell, 1984).

In Norwegian coastal areas spawning of cod has been
reported from both inshore and offshore waters (Goda,
1984). and several local coastal stocks have been identified
(Reisegg and Jorsiad, 1984). Mixing of different stocks
oceurs and cod lrom different nursery areascould spawnin
the same region. [n some jords local spawning has a sig-
nificant inAluence on local fisheries. Tn our study. however,
only a lfew individuals diverged from the general pattern
ol offshore migration described above. These cod were
mainly from the Gullmar [jord and were found in deeper
water (> 10m) in the inner part of the fjord. This result
suggests that spawningmay occur locally in the [jord. butis
probably of little importance compared to the dominating
offshore spawning stocks.
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