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ABSTRACT

Pedersen, T., 1984. Variation in peak spawning of Arcto-
Norwegian cod ({Gadus morhuq L.) during the time period
1929-1982 based on indices estimated from fishery statis-
tics. In: E. Dahl, D.S. Danielssen, E. Moksness and P.
Solemdal (Editors), The Propagation of Cod Gadus morhual.
Flgdevigen rapportser., 1, 1984: 301-316.

The weekly amounts of roe and cod landed in the main
spawning area at Vestfjorden are known since 1929. An index
of the median of the spawning intensity curve was constructed
on the basis of an analogy to the gonosomatic index using the
weight ratio roe/cod.

The index of median reveals a delay of about one week
during the time period from 1929 to 1982. This method is
compared to the median of spawning curves based on net hauls
of newly spawned eggs from the traditional spawning grounds
for the time period 1976 to 1982.

Sources of errors in the fishery statistics are discussed.

INTRODUCTION

The Lofoten and Vesterdlen area is the main spawning area
of the Arcto-Norwegian tribe of cod. The spawning period
lasts from February to May with the main spawning in March
and April (Ssars, 1879; Rollefsen, 1932; Wiborg, 1957;
Ellertsen et al., 198la). The cod appear at the spawning

grounds in February and March after the spawning migration
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from the Barents Sea (Rollefsen, 1955). The most concen-
trated spawning is on ‘the shelf on the western side of
Vestfjorden close to the shore (Wiborg, 1952; Ellertsen et
al., 198la, 1981b). There is also spawning on the coastal
banks outside Lofoten and Vesterdlen and north to Sgreya
(Hjort, 1902).

The cod spawn in the thermocline between the cold coastal
water and the warmer and more saline bottom water of Atlantic
origin. Spawning occurs at 3.5-6.5°% (Rollefsen, 1955;
Ellertsen et al., 1981b).

The older and bigger fish generally appear earlier in the
catches than younger and smaller fish (Rollefsen, 1937, 1939,
1940; Sund, 1937, 1938). The older fish also leave the
Lofoten area before the younger fish (Hylen, 1962).

The age and size frequéncy distribution of the spawning
stock have changed during the period 1929 to 1982 because of
the increasing exploitation, and most of the spawning stock

now consists of young fish (Hylen, 1962; Satersdal and Hylen,

,1964; Hylen and Dragesund, 1973; Ponomarenko, 1982).

A delay in peak of spawning would be expected because of
the combined effects of later spawning time of younger fish
and the change in age structure of the spawning stock towards
more young fish during the time period (Wiborg, 1957; Hylen,
1962; Solemdal, 1982).

The fishery statistics from the Lofoten fishery have
earlier been used to indicate the length of the spawning
period and peak of spawning (Wiborg, 1957; Cushing, 1969).
Besides the fishery statistics, egg data from net hauls in
1976-1982 in the eastern part of Lofoten were available
(Solemdal, 1982).

The aim of this investigation was to decide whether
fishery statistics can be used to establish a time series of
indices of peak spawning which could be used to test the
hypothesis of a delay in peak spawning during the time period
1929~1982. The results from the fishery statistics will be
evaluated by comparing them to results from spawning inten-
sity curves based on vertical net hauls for the period
1976-1982.
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MATERIALS AND METHODS
Estimation of spawning intensity curves 1976-1982

From 1976-1982 eggs were sampled with vertical Juday net
hauls from the three subareas: Henningsvarstraumen, Hplla
and Austnesfjorden (Solemdal, 1982}. These stations are
located in the eastern part of Lofoten on -the traditional
spawning grounds. Samples were usually taken each second or
third day from the middle of March until spawning was fin-
ished in the beginning of May.

The cod eggs were staged by a key given by Westernhagen
(1970) , modified by Strgmme (1977). -The number of eggs less
than 48 hours of development were sorted out of the samples
and counted. Yearly spawning curves were calculated by
pooling the data from the three subareas. The curves were
smoothed by a three point moving mean.

Cumulative spawning curves were calculated by trapezoidal
integration. The median (M), which is the point of 50 per
cent of the total amount of eggs spawned, was estimated from
these cumulative curves. Because eggs less than 48 hours of
development were counted, one day was subtracted from the
median, assuming that the mean age of the eggs was one day.

A mean curve was calculated from the spawning curves for
1976-1982. This curve represents the mean numbers of eggs
less than 48 hours of development per square meter for the
years 1976-1982. Day of year, which is the number of days

from 1 January, has been used as the time unit.
Fishery statistics

From 1929 onwards the fishery statistics include tables of
the gquantity of cod roe and cleaned gutted cod landed every
week of the fishery in the Lofoten area. The values used are
from the pooled statistics from all fishing stations in the
area. The gonosomatic index (GSI) is ‘the ratio (gonad
weight/body weight) - 100%, and 1is defined for individual
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fish. GSI have been used to describe the maturity cycle and

spawning period of a fish population (Eliassen and Vahl,

1982; de Vlaming et al., 1982). The roe index (RI) is

defined as the ratio (weight of roe/weight of females). 100%,
and is defined for the landed catch., RI is an analogy to GSI

and is deduced below.

RI = (R/Wg) + 100%
R - roe weight in the landed catch in tonnes
W, -~ weight of females in the landed catch in tonnes

k - conversion factor between total body weight and the
weight of cleaned gutted cod, assuming that cleaned gutted
weight is 62.5 per cent of total body weight

Pg - fraction of female body weight in the landed catch
w - weight o0f cleaned gutted cod in the landed catch in
tonnes
RI = ——2 . 100% (1)
kP, - w

In the present paper it is assumed that P2=0.5 and was
constant through the period studied.

From the fishery statistics the ratio (R/w) is known and
equation (1) is used to transform the weekly points (R/w) so
that the scale of RI can be compared to that of GSI. RI have
then been used instead of GSI.

The weekly points of RI for 1978 are shown in Fig. 1 as an
example. A cubic spline function has been fitted to the
weekly points of RI. This fitting procedure has the advan-
tage over linear interpolation in this case that it is not so

sensitive to single deviating data points (Wold, 1974).
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Fig. 1. Comparison of the data from fishery statistics and
the eggdata for 1978. Weekly points of RI are indicated by
dots and the fitted cubic spline function is shown by solid
Vertical solid line indicate index of median (MRI}).

line.

Cumulative spawning curve from egg net hauls is shown by
broken line and the median (M) indicated by vertical broken
line.

The upward trend of RI (Fig. 1) in the first part of the
season is due to ovary growth which is rapid during this
period (Sorokin, 1967). The sudden fall in RI from the
middle of March is caused by the beginning of spawning.

Official criteria and control of the quality of roe that is
acceptable at the fishing stations has existed since 1934
Roes with many ovulated transparent eggs,

(Anon., 1981).
are not suitable as human

being in the stage of spawning,
food and therefore in general not accepted at the fishing
These rejected roes are not included in the roe

stations.
The roe quantity (R)

quantity (R) in the fishery statistics.
is an underestimate of the true quantity of roe in the catch
(Anon., 1929-1982).

before delivery to the fishing stations
Since

RI is defined as the maximum of the RI function.

max
in the present computation it is assumed that P9=0.5, then
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both variations in sex ratio and relative ovary weight
between years will affect the computed RImax. The index of
median (MRI) is defined as the point of time when half the
RImax is passed. This definition would make MRI independent
of variations in sex ratio and relative ovary weight between
years., MRI have been estimated from the functions fitted to
the weekly points of RI from 1929 to 1982.

The RI curve would be delayed if much roe of spawning fish
is accepted relative to the official criteria for acceptance
because of very great demand for roe. This would lead MRI to
be delayed. The opposite situation would occur if roes at
prespawning maturity stages were rejected at the fishing
stations because of great supply and low demand for roe. In
this case the result would be very early MRI.

In the middle of March the supply of roe exceeded the
capacity of the fishing stations in 1944, 1946 and 1972,
causing much roe to be discarded. In 1947, 1952 and 1953
salting of roe was prohibited and much roe was dumped. These
years show extreme RI's with a sharp drop in the middle of
March and have been omitted from the analysis.

The mean date of capture (MD) was used by Cushing f1969)
as an index of peak spawning for the time period 1893-1967.
MD has been calculated by equation (2) for those years where
estimates of the median from egg data (M) exist.

n
MD = (—— - I C, + D.) -3 (2)

i - number of weeks in the fishery

n - total number of weeks in the fishery
Ci - catch in tonnes landed week i

Di - day of year when Ci is reported

Three days is subtracted from the terms within brackets in
equation (2) because the catch is reported on the last day in

the week.
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RESULTS AND DISCUSSION

The spawning curves for 1976-1982 show that both the start
and end of the spawning period is very stable (Fig. 2). The
spawning intensity increases in the middle of March and
décreases from thé middle of April. This material has been
published by Ellertsen et al. (198la), Solemdal (1982). The
median estimates from egg data 1976~1982 indicate a very
stable spawning period in this period (Table 1).

The medians (M) have been read from the cumulative spaw-
ning curves given by Smedstad and @iestad (1974) for the
years 1968-1972 (Table 1) (Fig. 3). These spawning curves
are based on a combination of results from egg net samples
and samples of cod where the maturity stages were determined.
However, the method is difficult to repeat from the descrip-
tion given. The median 'is stable with the mean on day 90 (31
March) .

When pooling the results from 1968-1972 given by Smedstad
and @iestad (1974) and the results from the egg data ﬁ976—
1982), the mean date of the median (M) is day 90 (31 March)
with a standard deviation of 2.2 days. This indicates a very
stable peak spawning during the time period 1968-1982.

The curves of RI from different years have a very similar
shape. The agreement between the median from the egg data
(M) and the index of median (MRI) seems acceptable except for
1971, 1979 and 1980 (Table 1). There is a positive corre-
lation between the index of median (MRI) from fishery statis-
tics and the median (M) from the egg data, although this is
not a very high correlation (Table 2). 1971, 1979 and 1980
are vyears with an extreme MRI (Table 1) (Fig. 3). The
correlation coefficient improves slightly when these years
are excluded (Table 2). This suggests that MRI are biased by
nonbioldgical factors in 1971, 1979 and 1980.

The time series of MRI reveal a trend towards higher

values from 1929 to 1982 (Fig. 3). This trend is indicated
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and the trend is sta-
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TABLE 1

Comparison of the median from egg data (M), the index of
median from the fishery statistics (MRI) and the mean date
of capture (MD). M from 1968-1972 are read from the graphs
given by Smedstad and ¢@iestad (1974). The differences
between MRI and M and between MD and M are given. Time
unit is day of year.

Year M MRI MRI-M MD MD-M

1968 89 87 -2 69  -20
1969 93 95 2 72 -21
1970 86 90 4 72 -14
1971 90 79 -1 72 -18
1972 92 - - 71 =21
1976 88 .93 5 77 -11
1977 93 95 2 78 -15
1978 90 93 3 77 -13
1979 92 109 17 67 ~25
1980 93 102 9 78 =15
1981 90 94 4 71 -19
1982 89 89 0 71 -18

Since about 1955 the variance in MRI seems to have in-
creased (Fig. 3}, and is large compared to the more stable
median (M) from egg data (Fig. 3) (Table 1). The late MRI in
1955, and 1957 is probably caused by the great demand for roe
in these years, causing much partly spent roe to be accepted
late in the -season. 1In 1971, 1972 and 1973 the catches were
great compared to those in the sixties. Some roe was dis-
carded in 1971 and 1973 and much in 1972 {(Anon., 1929-1982).
These years have an early MRI. 1979 and 1980 show an extreme
late MRI, this may be caused by the great demand for roe in

these years. The main source of error in the index of median
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(MRI) from fishery statistics seems to be variations in
demand for roe between years at the fishing stations.
Variations in demand for roe explain much of the variations

in MRI since the fifties.
TABLE 2.

Correlation coefficients between the median from eggdata (M)
and the index of median from fishery statistics (MRI), and
between M and mean date of capture (MD). The median (M) from
1968-1972 are taken from Smedstad and @iestad (1974).

Time period M vs MRI M vs MD
1968-1972 0.07
1968-1971 0.23

1976-1982 0.65 0.12
1968-1972 and 1976-1982 0.15
1968-1971 and 1976-1982 0.52

1968~1970 and 1976-1982

except 1979 and 1980 0.65

The trend towards a delayed MRI occurs before 1955 (Fig.
3), and there seems to be less variance in MRI before 1955
than afterwards. This relatively small variance can be ex-
plained by a more stable demand for roe in the time period
before 1955. A long term trend in the demand for roe before
1955, so that the roe was rejected at the fishing stations at
prespawning maturity stages, could severely bias MRI and be
the cause of the trend observed in MRI. There 1is sparse
information about the demand for roe before 1955, but there
is no sign of a long term trend in the demand for roe in the
available literature.

Cushing (1969) used mean date of capture (MD) as an index
of peak spawning for the period 1893-1967. There is a trend
of about five days from the thirties to the sixties towards
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Fig. 3. The time series of the index of median (MRI) for
1929-1982 and the median from eggdata (M) 1968-1972 and
1976-1982. A five vyear moving mean is fitted to MRI.
Horizontal 1line indicate day 91 (1 April). 1) Index of
median (MRI) from fishery statistics, 2) median (M) read from
spawning curves given by Smedstad and @iestad (1974) and 3)
median (M) from eggdata 1976-1982.

earlier MD (Cushing, 1969). This is the opposite of the
trend in MRI found in this investigation. The MD for the
years 1968-1972 and 1976-1982 occur 11 to 25 days earlier
than the median from egg data (M)} (Table 1). There is a very
small correlation between MD and M (Table 2). The catches
usually peak in the last part of March after an increase from
the start of the fishery. After the peak the catches drop
and the migration from the spawning area is rapid. Fig. 4
shows that the mean distribution of weekly catches in the
period 1970-1979 is skewed.

The spawning period of Arcto-Norwegian cod was first
described by G.0. Sars (1879). According to him the peak of
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Fig. 4. Mean distribution of weekly catch in percent of
total yearly catch for the period 1970-1979.

spawning occurred at the end of March. According to Rollefsen
(1932) the main spawning took place in the last part of
March. Wiborg (1957) states that the main spawning period is
from middle of March to the beginning of april.

Since 1949, cod eggs have been sampled by vertical net
hauls on a single station located outside the shelf near to
Hg¢lla (Ellertsen et al., 198la). The date of peak number of
eggs for the years in the period 1949-1977 indicates that the
mean date of peak spawning is around the first week of April
{(Ellertsen et al., 198la).

Because of the trend in the index of median (MRI) from the
fishery statistics, and also the earlier records of the
spawn%ng period, it seems that the possible change in peak
spawning is a maximum of 10 days towards later spawning. The

delay seems to have occurred before 1955.
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Fig. 5. The mean age of the spawning population of Arcto-
Norwegian cod. 1) Taken from Sxtersdal and Hylen (1964),
2) taken from Ponomarenko (1967), 3) calculated from the age
frequency distributions given by Hylen (1962) for the period
1958-1962 and Hylen and Dragesund (1973) for the period
1963-1969, 4) calculated from the age frequency distributions
given by Jakobsen (1978a, 1978b), 5} from Ponomarenko and
Yaragina (1981).

The change in the age frequency distribution of the
spawning population has been quite drastic during the time
period from 1929 to 1982 (Fig. 5). The Norwegian data from
1929-1969 are from long line catches from Lofoten (Satersdal
and Hylen, 1964; Hylen and Dragesund, 1973). The data given
by Jakobsen (1978a, 1978b) are from purse seine catches from
the same area. According to Ponomarenko (1982) the mean age
in the period 1971-1981 was 8.1 years with 8.6 years in the
period 1971-75 and 7.6 years in the period 1976-1981.

Comparison of Fig. 3 and 5 shows that the delay in peak
spawning estimated by the index of median (MRI) from the
fishery statistics occurred at a time of a change in the
age structure of the spawning stock towards more young fish.
This delay can be explained with younger fish spawning later
than older fish, and this is in accordance with the hypo-

thesis mentioned in the introduction.
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