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I. The Oslofjord.

The Oslofjcrd runs in a northerly direction from Ferder in the south towards
Oslo (Fig. 1).

The fjord is - by nature - divided into two parts, the outer fjord = south
of Drgbak, and the inncr. fjord - north of the same loeality. The two parts are
divided by a ridgce at Drgbak. The sill depth is about 27 metres. North of this ..
511l devths of 150 metres have been observed in the Vestfjord as well as in the
Bonnefjord, Another sill is lccated at Nesodden,

South of Drgbak the fjord is déep and the circulation of the water good.
North of Drgbak, however, the deeper w9ter layers are often insufficiently aerated,
. .o+ S s
owing to the presence of the two sill mentioned,

In the Bomnefjord, hydrogsn sulphide may accumulate in the bobtom layers,
This was the case in Tho autumn 1950 when HpS was observed from 75 metres down %o
the bobttom (Beyer & Fgyn 1951).

The most pronounced variations in tempersture are found in the outer f£jord.

In the inner fjord a strong pollution takes place., The effect of this will
be discussed later,

11, ZEarlier Envestigations,

The first detailed investigation of the cod in this fjord was carried out
during the years 1936 - 38 by Frofessor, Dr., Johan T, Ruud at the Biological
laboratory, University cf Oslo (Ruud 1939),

His investigations, as well as mine for the years 1939-51, are based on
trap-caught cod, and were accomplished in order to form a necessary hasis for a
judgement of the effect of releasing cod fry in the f£jord.

In addition some results obtained at this laboratory will also be considered,
Samples of eggs and fry have been collected during the spawning period, and experi-
mental fishing with a fine-meshed seine has taken place in the autumn. This iz of
great importance for the early detection of rich and poor year-classese.

Results of countings of vertebrae (Dannevig 1947) and measurcments of
sclerites (Dannevig 1949) will alsoc be dealt with.,

ITI, Material asnd Methods.

My own material cover 3,300 fish, collected from the inner Oslofjord during
the years 1959-51, The samples have been received in spring and auvtwm, except for
1943, 1945, 1947 and 195C, for which years spring samples are lacking, FEach sample
contains about 100 fish.

Age determinelions have been carried out by means of otoliths, As to these,
we find thet otoliths from cod caught in the inner fjord are characterized by many
secondary zones, while otoliths from the outer fjord are clear with distinet trans-
parent and opaque zones. This kind of otoliths is also found in the imner fjord.
In order to ascertaln whether wy rosulbs were couparable to those of Buud, his
meterial has been reexemined. The conformity was wery good, and my results thus
comparablie Lo his for the years 1955-38.

The zones in scales and oboliths arc formed simultansously, Transparent
zones in o%voliths and small sclerites in scales are laid down from July +ill
October-November. During the rest of the year opaque zones and broad sclerites are
conspicuous,
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IV, Results of the Investigatious,
a) Spawning etcs The spawning period of the cod lasts for several months,
from Jenuary till May-~June.

As to the distribution of the different stages of eggs, we find that inside
Drgbak the eggs are exposed to a very high mortality. In the outer fjord the
conditions are normel. Few eggs in advanced stages are found in the inner fjord.

It is likely that some factors prevent e normal development of the eggs. 4As possible:
explanations may be suggested large quantities of planktonic animals, sprat, the
effect of currents etc, More important perhaps, are the large oconcentrations of
bacteria, Fig. 2 gives the number of bacteria for two cruises in the Oslofjord,
respectively autumn 1952 and spring 1953. As will be seen, the majority of the
baocteria are located in the upper 30~40 metres, i.e., in the same layers where the
eggs are found., Apart from large concentrations at Tofteholmen in autumn 1952 -
evidently due to the dumping of sewage from Oslo at that time ~ the concentration of
bacteria is greater in the inner than in the outer fjord, It has earlier been
sonsidered at this laboratory that the population from the common sewers could be
harmful for the development of eggs (Dammevig 1945, Lgversen 1948),

The fishing experiments in the aubumn show that the number of cod, whiting
and pollack of the O~group is considerably higher in the outer than in the inner
fjord (Fige.3.)

The cod and the pollack run parallel, the same year-classes -~ viz,, 1938 and
1945 - being prominent in both parts of the fjord, The whiting does not exhibit the
same fluctuations in the strength of year-classes. Already at an age of half a year
the number of cod per haul illustrates the different strength of the year~classes,
Az %o the 1938 year-class this was also established in spring in the pelagic stage.

Hydrographical cbservations in the fjord 1946-1950, carried out from the
Biological Laboratory, University of Oslo (Beyer & Fgyn, 1951) - seem to indicate
8 correlation between the degree of aeration of the water masses and the strength
of the year-classes of cod,

We do not know to what extent an immigration of small cod from weters south
of Drgbak is taking place, Results of vertebrac countings and tagging experiments -
supported by the special type of obtoliths in the immer fjord ~ indicate, however,
that the cod population of the inner fjord is mainly dependent upon the propagation
in the same localities,

From 1892 £ill 1930 cod fry were released with short time intervals, execept
for the years 1905-1920 (Fig. 7), and meny biologists considered this to be the
reason for the good output of the fishery up to 1830, With our present knowledge
to the statistics it is difficult to say anybhing definite about this point, although
& certain correspondence seems to exist between number of fry released snd the out=
put of the fishery the subsequent 2~3 years, It is diffieult to conelude anything
as to the effect of the release in 1938.-and 1949, About 120 millions of fry were
seleased esach year, The extraordinary rich natural spowning 1938 in the Oslofjord
as in all other districts in the southw~eastern parts of Norway, makes a galeulation
of the effect of the released fry impossible for this year, =~ Nor could we say
anything as to the effect of the release in 1649, The apparent dominance of this
year~olass is not due toc its abundance, but is more likely a consequence of the
failure of the following one. The good output of the fishery in 1950 is to a large
extent based upon the year-class 1948, and the low yield in 1951 (Fig, 7) also show
that the 1949 year~class 1s not very abundani,

b) Characteristics of the Cod Population, Buud (1939) distinguishes between
two different types of ocoliths - one with cleer transparent and opaque zones, the
other with more diffuse and many secondary zonss, The first type is characteristic
of obher fjords in Southern Norway, the other type with secondary zomes is peculiar
to cod from the inner Oslofjord. According to Ruud fish with the latter type of
otoliths have a lover number of vertebrae than fish with "normal"” otoliths,

Dannevig (1947) determined the average number of vertebrae for the 1938 year=-class
in the immer fjord, the ouber fjord and the Skagerak, and found respectively

51,95 - 62,00 and 52,05 vertebrae. The figure for the inner Oslofjord is in good
accordance with previous results obtained by Ruud,

As to the different parts of the fjord an inerease in the number of vertebrae
was stated from the inner Oslofjord oubwards to Drgbak; from here on the number once
more decreased.
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, Datinevig (1949) has examined scales of cod from different loecalities: In
combrast to cod at Flgdevigen and ‘at Holmestrand (oubter Oslofjord), scales.of 864
firom the inner Oslofjord showed no distinet maxima and minime and they ocourred with
no regularity. Cod scales = like the otoliths - from the inner Oslofjord are
charasterized by the lack of well defined zones, ’

_ ¢) Migrationss It is evident that the cod in the inner fjord is pesuliar
to the localitys 1This idea is supported by the tagging experiments: Tagging of cod
has been sarried out by Ruud 1936-38 in the inner and outer fjord. The majority of
the fish were recaptired in the vieinity of the marking place, ahd were not inclined
to migrate in definite directionsi Especially the cod from the inner fjord seemed
to be very stationary., Only few individuals migrated from the inner to the outer
fjord; or vioe versa, :

Earlier planned tagging experiments of small cod in order to ascertain whether
any migration of small cod of the O-group is taking place have not yet been earried
eut. The low number of wvertebrae and the speeciel type of otoliths, however, seems
to deny an immigration of small codlings from the ouber to the inner fjord.

d) Age Determinations. Fig. 4 illustrates the ate distribution in the
autumn samples 1939=51, 1t will be seen that fish more than 4 years old are scaree,
only 1,5% being older. Therefore it is difficult to get an idea of the strength of
the year-classes by age determination, A eomparisen with the age distribution in the
spring samples demonstrates; however, that the year-classes 1838 and 1945 -

- partially 1939 - are the most prominent, and those of 1940, 1941, 1946 and 1947 the
most poor. The other year-classes are intermediate (hatched eolumns), As
previously menbioned, the twe rich year-classes brought themselves inte notice atb
an age of half a year, the 1938 year-class in the pelagie stage already

) The figure shows the 1945 yecar~-class to be dominant for a longer period than
the year=class 1938. This is a consequence of the faet that the 1939 year-class is
sonsiderably richer than those two following the 1945 year-class, whieéh for this
reason will dominate for quite a long time in the samplesy

Taeble I. Annual mortality rate (Z). Autumn semples 1938S=51g4

Age=group Number Mortality rate (%)
I 815 - 45,4
iT 445 74,4
III 114 81,6
v 21 76,2
\ 5 |

Total anmal mortelity from one agelgroup to the next has been salculated.
As will be seen from Teble 1, the mortality rate is very high, about 80% for the
grown-up code, The low mortality from group I to group II is a eonsequense of the
gize limit of 25cm. (from 1947 30cm.), whioh permits the major part of the 1 1/? year
eld fish to escape. According to tagging experiments the mortality due to fishing
is estimated at 50-60% (Ruud 1939).

Age at maturity is shown in Fig., 5. At an age of 2 years 35% of the males
and 29% of the females have ripe or ripening sex produets. The sorresponding
rigures for 3 year old fish are 80 and 69%, Among the older fish the few unripe
individuals all belong to the 1945 year=slass, which = as mentioned below - is
characberized by slow growth., It is therefore reasonable te assume that normally
a1l fish more than 3 years old have attained maturity.

Males mature at a lower age than the females, The length at maturity is also
less for the males, which constitute the major part of the smaller fish with
ripening sex products.

e) Growth, Fig, 6 illustrates the average length of eod of different ages,
based upon the investigations of Ruud 1936=38 and my ewn values for the later years,
The differense amounts to 2-4 cm. for eash age-group. This is due to the exceptienal
slow growth of the 1945 year-class, Excluding this from the material I get values
for the lengths close to those given by Ruud., The rich year-slass 1938 does net
show & similar retarded growth,
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Average lengths of 1, 2, 3 and 4 year:old fish are 20, 33, 41 and 49 cm.respec~
tively.

The males have a slower growth than the females. The difference, which is most
pronounced after maturity, is about 2 - 4cm. for each agegroup.

The largest length increment is taking place from spring till aubtumn. As has
been shown for cod from the Skagerack Coest (Dannevig 1933), it is difficult to
find any correspondence between width of the sclerites and growth of the fish. We
regularly find narrow sclerites st the margin when the growth is at its best, and
vice wverssa,

V. Cemparison with other Waters.

It has been shown that the cod in the inner Oslofjord is very stationary. The
growth of the cod is about the seme as in other insulated fjords in Southern Norway,
e.g. the Sgndeledfjord. In the Skagerack and the open Topdalsfjord the growth is
muach better. The same is the case for cod from the Northern Kattegat. In the
sauthern part of the Kattegat and the Baltic the growth is not so rapid.

The difference in growth between femsles and males has been observed among the
spawners at this hatchery too, where females are about 3cm. longer than males of the
same age (Sivertsen 1935).

Compared to other investigated Norwegien waters, the cod population of the inner
fjord is subject to a heavy reduction, the value of the totel annual mortality being
abeut 80%. In the Sgndeledfjord and the Topdalsfjord the annual mortality rate
averages 60%, and a mortality of the same rate has been found among the spawners at
this hatchery.

Maturity is attained at a very low age, about 30% of the fish having ripe or
ripening sex products at an ege of 2 years. On the Skagerack Coast the youngest
ripe fish are 3 years old, and at an age of 4 - 5 years the larger part of the fish
have attained maturity.

Vi. Statistics.

Fig. 7 illustrates the supply of cod from the inner Oslofjord to the fish market
during the years 1872-1951. Up to 1927 the yield was given in number of fish per
year (2-3 small fish=1 "telletorsk"), for the subsequent years the weight is given.

The statistics have been improved for the later years, but are nor reliable.
This is especially the case for the war years 1940-45, when more fish than usual
were sold directly from fisherman to consumer. It is obvious, however, that the
rich yearclasses have a bearing effect upon the yield. The peak of the curve in
18947 indicates the influence of the yearclass 1945, while the peak ir 1950 is due
to two intermediate yearclasses - viz, 1948 and 1949, especially the former.

From 1929 the yield decreases rapidly. For two years only, 1947 and 1850, the
annual yield is more than 40 Norwegian tons. Compared to the total annual yield
of the Norweglan fjord-cod fishery, varying between 14.000 and 28.000 tons for the
years 1938-51, the fishery in the inner Oslofjord iIs of no importance.

The unreliability of thc statistics makes a calculation of the yield caused
by the various yearclasses impossible.

VII. Concluding Remarks,

What can be done to secure a better PField of the fishery? First of all, s
higher size limit should be introduced. L size limit of 35cm. would save the major
part of the 1 L/Z and 2 year= o3c fish, while now about 60% of the fish caught are of
this age. A higher size limit will result in & higher stock of spewning cod. 4
higher yield would be achieved too, owing to the rapid increase in weight of the
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smell cod and the low value of the natural mortality. I mentioned that a higher
size limit would increase the number of spewning cod. How this will affect the
number of fry is uncertain on account of the bad conditions for development of the
egks and the heavy pollution of the immer fjord in spring. Sewage from Oslo is
then dumped et Steilene and the growth of bacteria thus stimulated.

It is reasonable to assume that the large quantities of bacteria will affect
the survival of fish eggs and larvae, but further experiments are needed to ascertain
a2t what stage in development the fish are most subject to attacks by bacteria. If
in the egg stage, a release of fry could ps expedient in yezrs when a sufficient
aeration of the water has taken place. If fry ars sttacked too. the only way to
improve the fishery is to reduce the content of bacteria. The solution of this
problem is no easy task, but is certainly of grcat importance for the future fishe-
ries in the inner fjord. First of all e control with the dumping of gewage in the .
fjord is desired.

Release of fry should be carried out in years only when the Wat§2 %s sufficient-
ly serated, and with shorter time intervels than has lteen the case for later years.
Bydrographical observations for the yeers when fry have been relsassed - as well as
for the intervening years - together with collections of eggs and larveae, should
give a fairly good material for investigations on the effect of releasing fry.

VIII. Summary.

The hydrographical conditions of the fjord are mentioned. Owing to the sills
at Drgbek and Nesodden the water messes of the imner fjord are often insufficiently
serated.

In addition to my own material for the years 1939-51, consisting of spring and
autumn samples, results from investigations carried cut by Ruud 1936-38 and by
different investigators at this leboratory are teken into considerstion,

the distribution of the egg stages is quite different in the inner and outer -
fjord. In the inner fjord ~ north of Drgbak - few eggs in advanced stages are found.
South of Dr¢bak the occurrence of the different egg stages is almost normal. The bad
conditions for a successful development of the eggs in the inner fjord are ascribed
to the high content of bacteria, especizlly in this part of the fjord in spring.

The strength of the yearclasses varies. The richer ones are those from 1938
end 1945, which were established at an age of half & year only, the former in the
pelagic stage already.

The cod in the inner Oslofjord is characterized by a low number of vertebrae,
g special type of otoliths and a very stationary habit,

Annual mortelity averages 80%, a value considerably higher than in other
fjords in Southern Norway. More than 60% of the fish is caught at en age of 1 1/2
and 2 years. This is a conseguence of the low size limit-. 30cm, from 1947,

The youngest fish with ripe sex products are 2 years cld. Males attain maturi-
ty at a lower age and at a smaller size than the females.

Average lengths of the fish at an sge of 1, 2, 3 and 4 years are 20, 33, 41 and
49em. respectively, females being 2-4cm. lenger then meles of the same age. The
growth is of the seame rate as in other insulated fjords in Southern Forway, but slower
than in open fjords end on the Skagerack Coast.

the/
The yield of fishery has decreased alarmingly during the last 25 yesars. To ob-
tein a higher yield the following possibilities have teen discussed:

1, Raise of the size limit to 35cm.
2. Control with dumping of s—rmge in the fjord.
3. Release of fry.

—-—— e e - —
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