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Abstract.

The fecundity and the growth of female plaice were studied in combination
with the calorific content of the ripe eggs and of the total body during
the spawning period. With these data an energy budget of mature females
was calculated. A comparison of the fecundity, growth and maturity is
made between the present and two historic periods: around 1900 and

1947-19L9.

The fecundity in 1983 was with approximately 6 %, significant lower than
in 1982. Condition factor in 1982 and 1983, and age in 1983 had a
significant positive influence on the fecundity. In both years no
significant difference could be shown between the fecundity in the
Southern Bight, German Blght and Flamborough area. Present fecundity 1s
substantial higher than in both historic periods.

The length at which 50 % of the females became mature was 30.8 cm in
1979-1980 and increased to 33.8 cm in 1982. The corresponding age was
estimated at 4 years. In the period around 1900 this age was estimated
at 5 years.

Growth was shown to be isometric. The condition factor peaks in October-
November. A drastic decline occurs in the spawning period when the
females shed their eggs. A corresponding decline was observed in the
energy contents of the female body.

The present growth rate is higher than in 1947-1949. The growth rate
around 1900 was lower for the younger age groups and higher for the
older ones.

In the energy budget the following features are calculated:

1. the net energy production during the summer feeding period between
March and December,

2. the energy expenditure in somatic growth, egg production and metabolic
losses during the spawning period.

Summer production appears to be almost linearly related with the weight

of the fish. The proportion of the summer production, which is spent

in egg production increases with the weight of the fisIr. Winter metabo-

lism was found to be related to the weight to the power of 0.7L. The

ratio of the energy expenditure in egg production and somatic growth

increases with the age and the weight of the fish. Summer production

and ratio of energy expenditure are proposed as the important parameters

to use in a comparison of energy budgets. This is explored in a

comparison of the energy budgets of the two historic periods.




Introduction.

For several marine fish species preyed upon by commercial fishermen,
changes in the basic biological parameters as growth, fecundity and
age of first maturity have been described (e.g. DE VEEN, 1976;
OOSTHUIZEN & DAAN, 19ThL; BURD, 1962). The observed changes are not yet
fully understood. Their importance in our understanding of the
productivity of a fish stock, however, can not be underestimated.

For North Sea plaice the fecundity has been studied by REIBISCH (1899),
FRANZ (1909 a+b), SIMPSON (1951) and recently by HORWOOD & BANNISTER
(in preparation). Maturity data are given by e.g. WALLACE (191k).
Growth data are published among others by WALLACE (1907), OSEA & DE
VEEN (1972) and BANNISTER (1978). '

In these studies on plaice, as on many other marine species, the basic
biological parameters are studied in isolation. Possible interactions
can therefore not be evaluated. Interactions between the basic
biological parameters are likely to occur, because they are influenced
by the total energy consumption and by the partitioning of energy
between somatic growth and reproduction. A detailed description of the
energy budget will serve as a conceptual framework from which questions
about the causation of changes in biological parameters can be stated
more explicitly. With this in mind we have embarked on a study of the
energy budget of North Sea Plaice.

North Sea plaice seems a good candidate to study changes in these

basic biological parameters into more detail. The stock has attracted
the interest of both fishermen and fishery biologists for several
generations. A summary of the changes in the stock in relation to the
fishery is given by BANNISTER (1978). The annual yield increased from
50.000 tonnes.before the second world war to a record of 154.000 tonnes
in 1982 (ANONYMUS, 1983). Possible factors involved in this change are
~given by DE VEEN (1972), who described a change in the growth rate of
plaice in the southern North Sea and the German Bight, and by BANNISTER
(1978), who concluded that the average recruitment -in the period 1922-
1938 of 281 million was significantly lower than in the period 19LS-
1971 (377 million).

Plaice shows a seasonal pattern of feeding in summer and spawning in
winter. From December; till March, the time of spawning, it does not
feed. (TODD, 1911). In this period it is dependent on the energy
reserves build up during the summer feeding period for winter metabolism
and growth of the gonads as shown by DAWSON & GRIMM (1980) for Irish
Sea plaice. :
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This paper presents a preliminary analysis of the energy budget of
female North Sea plaice, connecting growth and fecundity. The energy
budget calculated for the present situation will be compared with the
energy budget of two historic periods for which growth and fecundity
data were available: the period around 1900 and the period 194T-1949.
Changes in the growth rate and the fecundity between these periods will
be discussed .in the context of the changes in the energy budget.

" "Material and methods.

—

Fecundity estimates:

Ovary samples were obtained from the landings of commercial beam
trawlers in the fish market. Fish as well as vessels were sampled at
random within weight strata and area strata respectively. Sampling




positions are shown in figure 1 and are summarized in table I. On

board of commercial vessels the fish is stored on ice for not more

than 1 week. For each fish the length, weight, age, sex and maturity
stage were recorded. The usual technique of separating the oocytes

from the connective tissue by using Gilson fluid was abandoned because
of environmental reasons. In the present study the ovaries were stored
in alcohol (50 - 7O %). The oocytes were separated from the connective
tissue by washing them above a small meshed sieve under a gentle flow
of water. This method was developed by P. VAN LEEUWEN of our labora-
tory and is a further development of the method described in VAN
LEEUWEN (1971). Only ovaries of ripening females (maturity stage 2) -
were used. After taking the weight of the ovary a subsample of 1.50

to 3.00 gram was taken by cutting a section out of the middle region
of the ovary. Qocytes were counted with a wet counting device. The
difference between the actual number of oocytes and the estimated
number was less than 1 %. Nine samples of 300 - 1200 cocytes counted
by hand gave a mean difference of 0.36 % and a range of -1.8 % to +

4.1 % with the wet counting device.

In 1982 two subsamples of the same ovary (left or right) were taken.
From a pilot test it appeared that the number of cocytes per unit
ovary weight did not differ for the different positions within the
ovary (Table II). The deviation from the estimated number of eggs had
a geometric mean of 2.0 % and ranged from 0.08 % to 11.5 %. In 1983
the two subsamples were taken from the left and the right ovary
separately. The deviation from the estimated number of eggs had a
geometric mean of 1.9 % and ranged from 0.08 % - 21.3 %. Differences
in the number of oocytes. per unit weight between both ovaries were not
correlated with the differences betweenthe weights of both ovaries
(linear regression: r = .013, n = 151).

CGrowth and maturity data.

The growth and maturity of female plaice was analysed using 1st
quarter data from the market sampling programme. Mean length for the
youngest age groups were obtained from the "Tridens" survey of
demersal young fish along the continental nursery area from the Dutch
coast tothe.Skagerrak in 1982 (Annales Biologiques, in press).

Condition factors were obtained from the market sampling data of
gutted fish. Maturity staging is explained in table III. Maturity
ogives were calculated using GM regression of logit transformed
percentages mature females (P): logit P = 0.5 1n (P/1-P). The

length at which 50 % of the females become mature was estimated from
the regression.

Maesurements of energy contents.

In other studies the energy contents of the body have been estimated
with bomb calorimetry of different parts of the body (e.g. McKINNON,
1972) or with chemical analysis (e.g. DAWSON & GRIMM, 1980). The
approach adopted in this study is to measure the energy contents of the
total body of individual fishes by bomb calorimetry.

Unsorted fish samples were obtained from commercial beam trawlers

(table I). The samples have been stored on ice for not—more than 1

week. At the laboratory, females of the maturity stages 1, 2 and T
(juveniles, ripening and spent) and males of the stages 1, 3 and 6
(juveniles, prespawning and postspawning) were sorted. Length, total
fresh weight and age were recorded and the fish were frozen individually
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at -20 °C. Only the results of the mature females will be presented
in this paper.

After homogenising the individual fish, a subsample of 30 gram was oven
dried at 70 °C to constant weight. The oven dry material again was
grounded in a coffee grinder. A pellet of 0.15 - 0.20 gram was
combusted in a PARR microbomb calorimeter. The calorific measurements
of the same sample were all within 1 % of the mean, so only one
measurement per fish was taken. In order to test the homogeneity of

the minced fish 36 samples were oven dried and combusted separately..

The mean difference was 2.06 % with a range of 0.0 - 4.6 %. All energy
values are uncorrected for the endothermic combustion of bony material.

.Energy values of ripe eggs.

The energy content per egg was calculated from the dry welght per egg
and the energy value per unit dry weight. Eggs of r1pe running females
were obtained from market samples. The dry weight per egg was obtained
from samples stored in 4 % formaldehyde in seawater. The eggs were
washed and a sample of 500 eggs was counted by hand and oven dried at
70 °C to constant weight. From these eggs no proper pellet could be
made for combustion. The energy value was therefore estimated from ripe
eggs frozen at — 20 °C and subsequentlyvfreeZe dried and combusted.

Results.

The distribution of plaice is size dependent. The smaller fish dominate
the coastal waters and move into deeper water as they grow. A growth
curve based on market sampling data therefore seriously overestimates
the mean length of the younger age groups. This is illustrated in

flgure 2 in which the mean length of female plaice in the market sampllng

data is compared with those of the "Tridens" survey of the continental
nursery areas in 1982 Up to age group 4 the market sampling does not
give a reliable estimate of the mean length of female plaice.

A BERTALANFFY growth curve is calculated for the cdmbined data using
the least square method of TOMLINSON & ABRAMSON (1961). The results
are shown in table IV“

Historical growth data.

Because in a major part of the old literature the age of plaice was
based on the presence of the start of a new growth zone in the otolith
only the data of WALLACE (1907) could be used. The birth date of 1 April
used by WALLACE has been converted to 1 January to be consistent with
the convention presently in use.’

'Growth data of female North Sea plaice for the perlod 1947-1949 have

not been published. However, from the basic data of the fecundlty study
of SIMPSON (1951) the mean length at age in the 1st quarter can be
calculated.

Table IV gives the present and the historical mean length at age data.
Compared with. data glven by WALLACE (1907) for the beginning of this
century the younger age groups at the moment grow faster. At present
the growth in length of age group 6 and T tend to level off whereas
in 1900 these age groups still continued their growth. Growth in the
period 1947-1949 was slower than at present. The mean length of the

youngest age groups in SIMPSON's data are strongly biased, because he
selected only the mature females, which have a faster growth Therefore.




they should be compared with the market sampling data and not with
the "Tridens" data.

Age of first maturity:

Maturity - length relations were studied in a part of the available
material from the Dutch market sampling programme. Figure 3 summarises
the results of the preliminary analysis of the data collected between

1979 and 1980 in the.Southern Bight and in 1982 in the total North Sea.

Maturity ogives were calculated using a geometric mean regression of
the logit transformed data. Results of the calculations are given in
table V.

In 1979 - 1980 50 % of the female plaice in the Southern Bight became
mature at a length of 30.8 cm. In 1982 this length has shifted to
33.8 -cm. In the total North Sea half of the females reached maturity
in 1982 at a length of 34.1 cm, which does not differ from the 50 %
maturity length in the Southern Bight in that year.

The maturity - age relationship for 1982 shows that more than 60 %

of the 4 year old females are already mature (figure 4). From the
comparison of the mean length per age group in the market sampling
data and the "Tridens" survey, we have seen that up to age 4 the
recruitment to the fishery is size dependent. This implicates that the
maturity - age relation will also be biased and that less than 60 % of
the 4 year o0ld females will be mature. From the mean length at age
(table IV) it can be deduced that the 50 % maturity age will approxim-
ately be b year. ‘

Historical maturity data:

The criterium of distinction between juvenile and mature.plaice
presently in use is similar to the criterium used in the study of
WALLACE (191k). Figure 3 compares the maturity-length relation between
both periods. When we take into account the change in the relation
between 1979 - 1980 and 1982, no major change can be observed between
1900 and present. The maturity - age relation, however, differs
because of the difference in growth rate. The maturity - age relation
presented by WALLACE (191L) shows that nearly 50 % of the 5 year old
females had become mature (figure 4). However, the method of ageing
used in this study differed from the method presently in use and used
by WALLACE (1907) in &n earlier paper. This means that the age of the
females could be partly underestimated. However, from the mean length
at age (table IV) and the length - maturity relation (figure 3) the
age of 50 % maturity can be estimated at 5 year. At present 50 %
mature at age k.

Fecundity: _ |

The fecundity - size relationship was determined for four models (table
VII). A linear relationship between fecundity and weight gives the
best correlation. Geometric mean regression (RICKER, 197h) was used to
describe the functional relation between the fecundity and the weight.
Figure T shows the GM regression and the data points for 1982 and
1983. In both years the intercept of the regression line with the x
axis differs from the origin. For the highest weights there is no
indication that the fecundity is underestimated by the linear GM
regression. So the curve - linear relationship as suggested by the log
F - log W regression (table VII) is probably caused by the positive
intercept of the x axis.




A comparison of both years shows that the fecundity in 1983 was
significantly lower than in 1982 (table VIII). A F-test of the slopes
yields a F = 7.563 with d.f. = 1.253 (P < 0.01). Also the elevations
differ significantly (F = 5.941, d.f. = 1;254, P < 0.05).

In order to test whether geographical differences occur in fecundity
within the North Sea as concluded by BAGENAL (1966), three areas were
compared. Table VIII shows the relationship between the fecundity and
the weight for the different areas for two years. In both years no
significant difference between the areas could be shown for the slopes
(1982: F = 2.96, d.f. = 2;96; 1983: F = 0.079, d.f. = 23149) as well
as for the elevations (1982: F = 1.68, d.f. = 2:98; 1983: F = 0.245,
d.f. = 2;151).

Individual variation in fecundity is large (figure 7). The influence
of age and condition of the individual fish on the fecundity was
analysed with a stepwise multiple regression analys1s. Because plalce
grows isometrically the cube of the length was chosen as index of size.
Table 9 gives the results of the analysis. It is shown that in 1982
only size ( L?.) and condition contribute significantly to the
variance in the fecundity. In 1983 also the age of the fish explains

a significant, although small part of the variation in the fecundity.

Historical fecundity data:

Fecundity studies of North Sea plaice have been published by

REIBISCH (1899) and FRANZ (1909a & b) for the beginning of this century
and by SIMPSON (1951) for the period 1947-1949. The basic data
presented by these authors have been reanalysed. The results are
presented in figure 8 and table X. The relation between the fecundity
and the cube of the length has been used to compare the three periods
because no weight data were published by FRANZ (1909 a& b). A
comparison of the relation between fecundity and size shows that the
fecundity at present is at the highest level. In the period 1947-1949
fecundity was at its lowest level. Both GM regression lines have a
similar intercept. In comparison the 1900 regression line intersects
the x-axis at a higher length. The slope is not significantly
different from that of the present 1982-1983 1line.

Seasonal change in’ the weight - length relatlonshlp.

Weight - length relatnonshlps‘are usually expressed in the condition
factor: CF = W/I® assuming isometric growth. To check this assumption
the log weight - log length relation is calculated for three maturity
stages in the market sampling data of the 1st quarter of 1982.

The slopes of the GM regression for all three maturity stages do not
differ significantly from 3 (table VI). It can therefore be concluded
that the condition factor is a proper measure of the weight - length
relationship. With a F-test no significant difference between the

slopes of the regression for ripening females and the spent females
could be found (F = 0.686, d.f. = 1,536, SNEDECOR, 194T). The elevations
of the regression lines, however, differed significantly (F = 727.59,
d.f. = 13537) and show that the condition of the fish strongly
decreases during spawning. -

A more detailed plcture of this seasonal change in tﬁe welght - length
relatlonshlp is shown in figure 5 for ripening and spent female plaice
in the Southern Bight in 1982. The condition factor is at its lowest
level in March and April after spawning (spent females). From April



onwards the condition factor increases steadily towards a maximum in
October and November. During winter the conditon factor slightly
decreases from 1080%X 10 °in QOctober and November to 1017 x 107 °
February.

in

During summer reproductive tissue is produced at a low rate. Not
earlier then in October the gonad starts to increase significantly in
weight from 4 % of the body weight in October to 13 % in December.
The peak gonad weight is recorded in January and February with 16 % of
the body weight.

In figure 6 the mean condition factor for ripening and spent females
is shown for different ages. It appears that up to an age of about 10
~ 12 the condition does not change. For females older than 10 =« 12
years a slight decrease in the condition factor seems to occur. The
number of these older females sampled is very limited so no firm
conclu51on can be drawn. For the moment we accept that the age of the
female does not influence its condition up to an age of 12 years.

Energy budget:

The measurement of the calorific contents of female plaice are
summarised in table 11 and are plotted in figure 9. The energy
measurements of ripe eggs are given in table XII. The line drawn in
figure 9 connects the average energy values for each month. After
spawning both the condition factor and the energy contents per unit
body weight are at the lowest level. During spawning energy reserves
are depleted while the water content as percentage of the body weight
increases. This decline in energy reserves during the spawning season
can also be observed for the ripening females, for which the condition
factor as well as the energy value per unlt of fresh body weight
decreases (flgure 5 and 9).

The energy loss during the spawning season can be calculated by
subtractlng from the total energy contents at the .beginning of the
spawnlng season in December, the energy contents at the end of the
spawnlng season in March. The condition. factor (guﬁted weight) of
ripening females in December is estimated at 1075x 10 (flgure 5) and
decreases to 865x 10 ° .An March (spent females). Energy values per
unit fresh weight aecreases from 5.81 kjoules in December to L4.10
kjoules in March (tab}e XI).

Consequently a 5 year old female plaice with a length of 34.9 cm and
a weight of 487 gram, will have an energy contents of 487x 5.81= 2832

kjoules. In March after the spawnlng season her weight has fallen to
391 gram and her energy.contents to 1602 kjoules, a 43 % decrease.

In the above calculation only constants were used. The percentual
decrease in energy contents over the spawning season therefore will
also be a constant. In table XIII the energy loss during the spawning
season is partitioned inthe energy loss for egg production and the
energy loss for winter metabolism for ages 4 to 12. The total net
production laid down in the summer feeding season is estimated from
the difference between the total energy contents after spawning in

" March and at the start of the fasting period in December. The energy
allocated to somatic growth is calculated from the difference.between
the total energy contents in March between two successive years. The
energy invested in egg production was estimated from the number of
eggs produced (F = -35.6 + 0.2815 W, table VIII) and the energy value



of ripe eggs (6.136 kjoules per 1000 eggs, table XII). In the fecundity
estimation the average 1st quarter weight has been used, because most
of the fecundity samples were taken in the first quarter.

The total loss of energy during spawning can only be partly explained
by the energy loss due to egg production. The difference between the
two is an estlmate of the energy needed for metabolism durlng the
spawning season.

Figure 10 summarises the energy partitioning for the different age
groups. The age range has been restricted to 4 - 12 years because the
assumption of a constant condition factor might not hold outside this
range as shown in figure 6. From figure 10 it can be seen that the
proportlon of the egg productlon of the total energy loss during
spawning is not constant but increases as the fish gets older and
becomes bigger. The energy for egg production and that for winter
metabolism are complementary. Consequently the proportion of winter
metabolism changes in relation with weight and age. Metabollc rates
(MR) are known to be a function of body weight (W): = g.Wb in
which the exponent b = 0.70 - 0.80 (e.g. WINBERG, 1956 JONES; 1976).
Calculation of the regression of the log-log transformed w1nter
metabolism against body weight in December shows a similar relation to
the weight: log winter metabolism = 0.503 + 0.7L4 log weight.

Discussion.

The energy value per unit dry weight found in this study were for

both the ripening and the spent females about 9 % lower than those
found for Irish Sea plaice by chemical analysis (DAWSON & GRIMM, 1980).
Calorific values obtained by bomb calorimetry are usually slightly
lower than those obtained by chemical analysis (BRADFIELD & LLEWELYN,
1982). BEUKEMA & DE BRUIN, 1979, estimated the difference between

both methods at 6 % for Macoma flesh. :

The seasonal pattern in energy reserves as observed for North Sea
plaice is similar, to the pattern of Irish Sea plaice (DAWSON & GRIMM,
1980). These authors calculated the energy budget for a T year old
female (35.8 cm and 527 gram). The gross energy content decreased
from 3506 kJoules in December to 1862 kjoules in March, a decrease
‘of 53 %. The proportlon of this decrease allocated in egg production
was 60 %. For North Sea plaice we have found that the female body
looses 43 % of its energy from December till March (table XIII), of
which between 37 and 56 % is allocated in egg production. A female
of the same weight as the Irish Sea example (527 gram) will loose
approximately 46 % in the productlon of eggs. The estimated total
energy losses during the spawnlng season are rather similar taking
into account the different methods and the rather crude assumptlon
made.

In an attempt‘to makeelquantitative comparison of the changes inn’
growth rate and fecundity, we have calculated the energy budget for
both historic per1ods to compare with the energy budget of the present
period.

Two types of hypotheses have been formulated to explain changes in the
basic biological parameters: 1. Increase in the availebility of food,
due to a reduced competition for food when the stock size is reduced
by fishing, or to an increased level of nutrients. 2. Selection of
faster growing genotypes due to the relatively increased flshlng
‘mortality of the slower growing individuals.



Therefore, two aspects are of particular importance if we compare the
energy budgets: 1. the level of summer production, and 2. the
partitioning of energy over somatic growth and reproduction.

The energy budgets for both perlods are given in table XIV and can be
compared with the energy budget of the present period in table XIII.
Only those age groups are included for which at least 50 % had become
mature. The length at age data were estimated from the least square
fitted BERTALANFFY growth curve (TOMLINSON & ABRAMSON, 1961) for the
observed mean length at age data of WALLACE (1907) and SIMPSON (1951)
presented in table IV. The fecundity data used are given in table X.
The total summer production is plotted in figure 11 against the weight
of the female at the start of.the feeding season in March. Summer
production seems linearly related with fish weight. The relation for
1982-1983 appears to be slightly curvi-linear with a decreasing slope
for increasing weights. The functional relation between summer
production and weight will have an intercept with the y-axis of
approximately the energy contents of a female plaice at the end of
her first growing season. This appears not to be the case. Assuming
a winter length of 10 cm, a condition factor of 1100 1075 and an
energy value of 5 kJoules per gram fresh weight (unpubllshed data
RIVO) the total energy contents at the end of the first growlng
period is estimated at 54 kjoules. The intercept with the y-axis, as
observed in figure 11, is approximately 335 kjoules in the period
1947-1949 and 1050 kjoules in 1982-1983. This implicates that the
summer production relative to the weight of the flsh decreases as the
Tish grows. The lines of 1982-1983 and 1947-19L49 run almost parallel
but differ in level. The slope for 1900 seems to be scmewhat higher
than for 1947-1949 and 1982-1983.

It is expected that the summer productlon will be a function of -
among others — the availability of food and the temperature. No
important difference could be observed in the sea temperatures near

. Den Helder (VAN DEN HOEVEN, unpublished). Temperatures in 1982-1983

and in 1947-1949 being slightly above average, those around 1900
sllghtly below average. We therefore tentat1ve1y conclude that food
avallablllty might be one of the maJor factors involved in the change
in the level of summex production. However, the increase in the summer .
production is not correlated with the change in stock biomass.
BANNISTER (1978) estimated the total stock biomass in the period
1947-194k9 at 350 thousand tonnes. For 1982 the total stock biomass

was estimated at 650 thousand tonnes (ANONYMUS, 1983).

The way in which an increase in summer production affects the growth
and the fecundity, depends on the partitioning of the avallable energy
over both parameters. The second aspect of our comparlson concerns

this partltlonlng It is generally accepted that life history patterns
have become adapted to the particular environmental conditions of a
spec1es. So the trade-off between the energy expendlture in reproduction
and in somatlc growth will be adapted to maximise the life time
reproductive success of the individual plaice (e.g. MANN & MILLS, 1979).
This could imply that the ratio of the energy input in reproduction

and somatic growth will have a fixed value for each age. In figure 12
this ratio is plotted against age.‘The ratio increases geometrically -
with age. Comparlng the periods, we see that the rat1o increased for
each age group going from 1900 to 1947-1949 and to 1982-1983. So,

plalce has invested an increasing proportion of the available energy

in reproduction at a progressively younger age.
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If age determines the energy partitioning, the positive influence of
age on fecundity as shown in 1983 (table IX) and reported frequently
for other fish species (WOOTTON, 1979), can be explained Summer
production is weight dependent (flgure 11) and is partltloned in
reproduction and growth as determined by age. Because this ratio
increases with the age of the fish, the fecundity of a fish of an
older age will be higher than that of a younger fish of the same
weight. This younger fish, however, will show a higher somatic growth.

One may wonder whether the energy partltlonlng of between egg productlon
and somatic growth is causally affected by age. In figure 12 the ,
energy ratio is plotted against the weight of the fish at the start

of the spawning season. It appears that there is hardly any difference
in the ratio for fish of a similar weight. The question which we are
left with is: if weight or age determines the partitioning?

The description of the energy budget can of course not give an answer
to the above mentioned question. Nevertheless it has pinpointed down
a significant question to be tackled in future research. In this
context a description of the energy budget on a monthly base is also
important. A preliminary analysis of the seasonal growth pattern
(DE CLERCK, 1982; unpublished RIVO data) suggests that the energy for
somatic growth and reproduction are not stored at the same time.
Somatlc growth mainly takes place in summer, whereas the energy
reserves for egg productlon are malnly build up in autumn. The number
of eggs to be shed in the next spawning period is already present
early in the season (BARR, 1963; YAMAMOTO, 1956). During the summer
and autumn a low percentage of oocystes whlch are in a stage of .
atresia (resorptlon) can be observed (BARR, 1963; DUNN & TYLER, 1969),
suggesting that the fish could have a nechanlsm to tune the‘number of
developing oocystes to the actual feeding conditions. In a tank
experiment low food availability inhibited the vitellogenesis in .
American plaice (TYLER & DUNN, 1976), and thus the energy expenditure
in reproduction: So good feeding conditions in autumn might lead to a
high condition factor and a low level of atresia and thus to a high
fecundity. This could explain the influence of the condition factor
on the fecundity as observed in 1982 and in 1983 (table IX).

The comparison of. the energy budgets of the two historic perlods leans
heavily on the assumptlons made about the constancy of condition
factors and energy values, on the accuracy of the growth and fecundlty
data and on the feature whether plaice feeds or not in the spawning
season. Energy values of biological materials are rather constant.

The proportion of fat being the main variable.

The similarity of the condition factor could be tested for the females
sampled for the fecundity study by SIMPSON (1951) and REIBISCH (1899).
The average condition factor and its standard deviation were not
significantly different between the historic periods and the present
value (1048x 107 °). SIMPSON 19&7 1949; ripening females: 1032 + 106 (x 1073)
n = 197. REIBISCH (1899):. ripening females 1083 + 134x10°° ; n = 12,
and spent females: T80 + 59x 10 °, n = 14. So the condition of
ripening females seems not to be different. The condition factor of the
spent females of REIBISCH (1899) is lower than the present value (865

x 1073 , suggests that the decline in condition around 1900 might have
been larger than at present. However, the number of observations is
very small. This implies that the summer production could be
underestimated. The energy partitioning will not be seriously
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influenced. DE VEEN (1978) showed that for North Sea sole the
condition factors changed in course of the time due to an increased

gonad weight.

The feature that plaice does not feed during the spawning period is
widely cited but has only a small emperical base (TODD, 1911). The
low winter temperature makes it unlikely that plaice will have a
significant rate of food intake. From our samples for energy
measurement only in the last week of March some of the fish had
remainings of food in their intestines.

The values for the summer production and the energy partitioning
calculated for the two historic periods should be taken as a crude
estimate. The differences found with the present situation are,
however, so large that we believe the differences to reflect real

changes in these parameters.
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Figure 1 - Sampling positions for fecundity in 1982 and 1983, and energy
contents of the body and eggs in 1983.
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Figure 2 - Growth in length of female plaice in three periods:
1980-1982, 1947-1949 (SIMPSON, 1951) and around 1900
(WALLACE, 190T).
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Figure 3 - Maturity - length relations:

a. Southern Bight in 1982, 1979-1980 and 1911
b. North Sea (IV b+c) in 1982.

(WALLACE, 191L),

100 1
SOUTHERN BIGHT
80 e 1979 80
-0 1982
A 1911
60
40 A
20 1
w
m v v v
2
-
<
= NORTH SEA 1982
100 1
N
80 1
%
60 3
40 A
20 1

LENGTH CM




Figure 4 - Maturity - age relations:
a. Southern Bight 1982 and 1911 (WALLACE, 191k4),
b. North Sea (IV b+c) in 1982.
The ageing of WALLACE differed slightly from the present
study. See text.
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Flgure 5 ~ Seasonal pattern of (a) gonad welght as a percentage of the
gutted body weight, (b) condition factor (¥ 10 “5) of
ripening and spent females in the southern North Sea.

Data points based on > 10 observations per month.
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Figure 6 - Relation between the condition factor (% 10 %) and the age
of ripening (upper line) and spent (bottom line) females in

the first quarter of '1982.
Figures indicate the number of observations for each age group.
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Figure 7 - Relation between the fecundity and the gutted weight in 1982
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Figure 8 - GM regression lines of the fecundity against the cube of the
length for three periods: 1982 - 1983, 1947 - 1949 (SIMPSON,
1951) and around 1900 (REIBISCH, 1899; FRANZ, 1909 a+b).
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Figure 9 - Calorific contents of ripening and spent females in relation
with time. The figures indicate the number of individuals
samples. Crosses indicate the mean values for mixed samples.
Bars show the standard deviations.
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Figure 10 - Energy budget.for mature female North Sea plaice.
The total summer production is partitioned in somatic
growth, egg production and winter metabelism.
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Figure 11 - Relation between summer production and weight of the fish at
the beginning of the feeding period in 1980 - 1982, in

comparison with 1947 - 1949 and 1900.

Z
O 4000 < s
W v
o
1

§8 900 982 83
& X 3000 <
@
Iu ()
=
= o 1947 49
o2
" 2000 4
-4 /
g
[
O
-

1000 4

A 4 A 4 L L] T T B S R
200 400 600 800 1000

WEIGHT



Figure 12 - Ratio of the energy partitioned in egg production and
somatic growth in.relation with age (A) and weight (B) of
the fish for three .periods.
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Teble I -Summary of the sameling for fecundity estimastes (A)Yy and czlorific measurements (R}
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A FECUNRITY ESTIMATES SEASON 1982 SEASON 19832

DATE POSITION NUMBER OF FEMALES DATE FOSITION, HUMBER OF FEMALES

21.,12.81 S300N 33IOE 14 13,12.82 SI20N 230 33

07.01,82 523N 250E 17 13.12.82 S41SN 415E 20

11,01.82 S420N 440E 8™ & 10,01.83 SISEN OS0E 39

11,01,82 S400N 200E 11 14,01.83 9450H 810E 20

18.01.82 S403N 215E 13 14,01.82 S430N 420E 25

25.01.82 SI10N 320E 10 24,01,83 3245N J45E 18

01.02.82. S440N S30E 12

08,02.,82 S420N Q0S0QE 11

22.02.82 S420N 640E é

B: CALORIFIC MEASUREMENTS TOTAL EODY: NUMEER OF .FEMALES NUMERER  OF HALES
DATA FOSITION stase 2 stage 7 stede 1 stade I-4 stade & stade 1
17.12.82 5235N 250E - - - (1% - -
17.12.82 S210N 250E 11 - & 3 - -
17.¢61.83 S4Z0N 055E (2% ' - - 2 - -
28.01.83 S240N 250 (2% 4 - 4 (4%) - (11
21.,01,82 S4I0N 4630E 17 - 4 (3% {1%) -

21,02.83 SIION 200E 2 9 (3%) - (3%

04,037,831 S5240N 250E - 10 (4%) - (&%)

14,03,83 S400N 100E - 10 (1%) - (2%

n i  en 00 a8 e G +8 e = = " - - TP OB G P D ST TV B b B TGS L B = . . P - - - So = == e 4 e e - — - - " " - G = 2t =’ s s S - 8 - > - " - - W o > O A S o T - - -

(nx) number of measurements of mixed sanrles



Table II - Relative number of cocutes per unit ovary

weight (x) for different rositions in the
ovary and its standard deviation (SD) and
number af observations (n)

1, cesudals 2. middles 3. anterior

Fositions
1 2 3
b 0.984 1.067 1,006
Sh 0.057 0.034 0.045
o 8 8 11

ot e e . - - . 4P o Go an e Ga e 08 =8 e e S Fe S Gu = OO SE e " Su TS L et S e G4 = —e a e A -

Table TIT - Maturite steding of femzle rlzice in the Nutch researcn

code slase descrirtion
1 Juvenile lumen transrarents srev celour
.2 rirening oranse coloured cocutes visible
3 as 2y with 2 feuw rire transrarent edgs
4 rire ovary comrletely filled with rire transrarent edss
] spawning rire edds partlu shed T
& nearly srent ovary contains onle 2 small amount of rire edds
7 srent <t bhack toc stage 2




Table IV - 1st quarter mean Iensih 2t a2ge of female plaice in the

Sauthern MNorth Sea at epresent and in the past.

- . 8 - e T = = —" . A% - S i 8 8 P P S Be BT = A GE An U P - G L e An T S = e W TR - T v T A S ) S G% . = S S e S S 4 = A5 == P = % o S mo wn o

Fresent Fast
fise Tridens Harket semrling Simrson Wallace
1982 1980-82 (1931) (1907)

2 20.8 23.+7 15.7
1 23,3 10.8 28.9 21,3
4 31.4 25,7 31.1 27.4
3 38,9 17.9 334 33,8
& KL R&TY 40.7
7 40,9 38.9 43.4
8 42.1 40.7
e 43,4 42.8
10 43,3 43,8
11 45,9 42,5
12 47.1 47.G
13 49,9 49,2
14 51,8 44,4
3 92,5 47.7
Rertalanffy drowth curves: Linf k to
1980-82 )1 54,45 1749 -0.777

© 194749 57.01 1029 -3.745
1900 : 121.05 ,0é42 -0.0%7

- - S = = e = S S S AR B - B P . =S - S - AR - Sa S S S GBS e S . S SR G Se AP S - -

y1 datz from Tridens ur to ase Sy and from market sampling for age =
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Table V — Regression coefficients of lodit transformed rroportions mature

females (F) adainst lendth (L)
model! lodit P = 3 + b (L-0,5)

- - . - T T 40 G = - S o T - T 4 . SB T . G S T S = = s e T e h e = T e b T . - S

Detz Sayrce a b r L 50%
North Ses 1982 this studs 1073 .320 982 31
Southern Right 1982 this study ~-10.09 .303 +964 3.8
Scuthern Kisht 1979-80 this study ~7.20 237 +957 30.8

Southern Right 1911 Wallace(1914) -8.84 V266 +989 33,7

- - 8 - = an = 4 - = S = > - 8 TS ey G G S ey S T E B G e =4 48 P Ba SO % e S T et = SO M = e A S - SR - - S - -

Table VI - Regression coefficients of the lod - log transformed weisht (W)
length (L) relationshir far different maturity stages in the
1st auarter macket sameling date of 1982
modelt loz W =323 + b log L

Haturity stage _ a8 ! . 98¥ ol r n
iwenile 4,62 2987  2.907-3.087 .96 375
rirening ~4,80  I,083  2,989-3.137 98 122
srent -4.74 2,991 2.919-3,043= .98 218

Table VIT - Correlstion &and redression ceoefficients of fecunditw (Fec) in
relation with the weight (W) and lensth (L)

- = e a8 G Gn . e A e = e = e e S e . S S A TS e - G % P =F e T - e e = . e Ga ST S S - = mm b ¢ e . . = - e - - o - - —

Relation a b T N P
Fec=atty 60 002579 0.917 257  <0.001
Lag Fec = 2 + bhlodl ~4.490 3.174 0,881 257 <0.001
Fec = a + bLKX3 -1,745 0.00252 0.844 257  €0.001

Llod Fec =2 t b log ¥ -2.101 1.094 0.918. 257 <0,001




Table VIII - Correlstion and redression coefficients of the relation between fecundity (Fec) and the weight (W)
for three different areas in the North See in the srawnind reriods of 1982 and 1983,

SFAWNING SEASOM

- " Bn - - - S - e P S = A P B S v o D o G D SO T 6O e B e b P s - e " e At D P Y e o o P B PP DO s B s By e B T B U B P e A B b P T S S = B S SO AP PO oSS vy o sy >

1982 1983
Caes s b %l r n s b smer v N
Southern Bignt -18.15 L2829 .2544-.3114 964 31 782 2437 22152639 948 §1
German Right 28,05  .2103  ,1514-,28%92 + 745 24 -9.07 L2415 ,2111-,2719 +885 45
flamboroudh -51.,43 ,3004  ,2682-.332% +937 45 6,08 2339  ,1950-.2728 +846 39
total “27.74 2814 .2603-.3025 926 102 -9.52 2425  ,2269-.2581  .915 155
North Sez ’
""""""""""""""""""""""""""""""""""" 192+ owes
""""""""""""""""" s s o+ oon T
i;i;l”"""""IIZ;Z)"E;};""".;12"'"522-"""""'"";Il;;}2223;';;;12;;2;;7;;3 """"""""""""""""""
orth Sea -35.61 2815 functional resgression (GM)

L T T gy gy g gy g g g v g S g Iy LU g g U g g O gy




Tahle IX-Results of the sterwisze multirle redression snalusiz af the
influence of size (L¥XJ)s condition factor (CF) and sge (A)

on the fecundity (Fec) in 1982 and in 1983
models Fec = 2 + bl L¥¥3 + b2 CF + b3 4

1982 1983
_________ Lx3 CF Age  Fece L3 cF Age  Fec
L¥%3 1 +12843  .B4161 .84540 1 -.043482 .87416 .B3280
CF $12843 1 Q1877 .446285 -,04382 1 -+0241  ,30049
fide +841461,01877 1 +4BI3S (874186 -,0241 1 «79073
Fec +88540, 44280 ,4833%F 1 +85280 30049 79073 1
Redrescion Standard t Fegressian Standard t
coefficients? errars: - value coefficients! errorsi value
a ~444,084 o -348.11
nt 002882 000124 22,87 001917 +000175 10,95
el 399,032 40,0301 .97 35344748 33.38 10,59
03 nat accerted as significant 3.7888 - 2.198 2,43
variable
e o = e 2 o 2 e e £ e S o B e o o - e ot e e e o m
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Table X - Geometric mean resression coefficients of the fecundity
{Fec) adainst the cube of the length (L*%3) in three periods,
model? Fec = u + v L¥¥3

Source ] Y ?0% coly r n
Reibisch (1899) -107.4 00322 ,002%90-,00353 +861 109
Franz (1909 2 +
Simpson (1951) 20,4 +00191 ,00178-,00204 +870 197
this study -37.7 00298 ,00279-,00318 +844 257
’ Tehle x1 - Cslorific measurements of the total bodu of
female rlaice of two maturitw stades.
DATE # DIIRY WEIGHT ENERGY/GRAM DRY ENERGY/GRAM FRESH
» sh i % S n b St n

- -

17-12-82 25.8 1.4 11 22,5 1.1 11 3.81 '42 11
17-01-83 24.1 2.1 11 21,8 0.3 2% 9.27 » 04 2%
28-01-83 26,2 3.1 8 22, G4 2% 5477 +10 2%
31-01-83 23.7 1.3 17 21.3 1.1 17 3.06 cA6 17
21-02-83 2244 0,9 2 22,0 0.4 2 4,98 N 2
srent females (stage 7)
28-01-83 22.8 1.0 3 18.8 0.9 4 4,31 .29 4
21-02-83 21.9 1.1 9 19,3 0.9 4,18 v 29 ?
04-03-83 20.8 1.2 U 18, 1.4 10 3.8¢9 29 10
. 14-03-83 22,0, 2,0 10 19,4 0.9 10 4,31 '42 10

o~ A > -

n % mixed samples. ;

B Table XII - Enerdy and drv weight measurements of rire rlazice edds

in 1963
"""""""""" " Individusl somrles  Mived somles
T T e e . st n
ferss value .. 242 .39 9 2459 .28 3
rper grem dry weisht

Dry weight rer 1000 edds +290 +023 ?

o 0 B €5 s St G0 B s et B iy . L B0 G0 S S T T B 0 S GE WS e - D s T S S R e - 0 Sy e o SN S G S = e - -




Teble XIII - Enersy tudget of mature females North Sea rlzice in 1982-1983

S s = S S 0 D T 0 B e S By L S0 i B S S B R T B e T T = G D kA BT P - T S T = - = O = = S TS S W T W W S e W - 4SS - .

AGE LENGTH WEIGHT FECUNRITY SUMMER  SOMATIC EGG WINTER
DEC MARCH  X10E-I PRODUCTION GROWTH FPRODR, METAROLISH
cm gram gram

4 31.06 344 277 . 52.8 322 544

5 34,85 487 i1 89.3 1694 469 548 482

& 38,03 432 509 125,7 2071 485 778 812

7 40,49 775 624 143.2 2418 473 1000 950

8 42,92 909 732 197.7 2728 443 1213 1071

9 44,79 102 83 229.5 1012 404 1410 11%4
10 458,35 1145 921 258.2 3250 348 1585 1297
11 47,64 1245 1002  283.8 3484 330 1740 1393
12 18,77 1334 1073 308.4 3548 293 1882 1477

Jznle XIV - Estimated enersy buddets for two historic reriods
assuming similar conditicn factors end enersy values
to 1982 end 1983

- S - - A8 . A - e T - . " 5 G S S - T S T B8 S T TR e e, T T S G e = G S B e Ty S e T = G A - GO Gy S A -

AGE LENGTH WEIGHT FECUNDITY SUMMER SBMATIC EGG WINTER
REC HARCH  *10E-3 FRODUCTION GROWTH FROD, METAROLISH

cm drem dram

4 31,31 353 2é4 41.4 234 4§34

3 33,82 445 Ine 29.4 1423 303 340 780

6 356,09 941 435 49,9 1475 315 429 231

7 38.13 6318 213 B4.7 1925 320 220 10835

8 1¢.98 7339 391 29T 2170 J20 410 123¢%

¢ 41,54 821 648 114.0 2406 314 699 1391

10 43,15 724 743 128,2 2832 307 784 1538

11 44,50 1013 815 | 141.,9 2847 298 a871 1480

12 45.72 1100 88]s 154.9 3050 284 ?30 1814

PLAICE NORTH SEA 1900

V] 33.77 ‘443 3348 149 101 1014

b 39.20 . _693 338 86.4 2548 823 330 1214

7 44,28 999 804 172,0 3522 1009__ 1035 1457




