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Abstract.

The feeundity and the growth of female plaiee were studied in eombination
with the ealorifie eontent of the ripeeggs and of the total body during
the spawning period. With these data an energy budget of mature females
was ealeulated. A eomparison of the feeundity, growth and maturity is
made between the present and two historie periods: around 1900 and
1947-1949.

The feeundity in 1983 was with approximately 6 %, signifieant lower than
in 1982. Condition faetor in 1982 and 1983, and age in 1983 had a
signifieant positive influenee on the feeundity. In both years no
signifieant differenee eould be shown between the feeundity in the
Southern Bight, German Bight and Flamborough area. Present feeundity is
subs~antial higher than in both historie periods.

The length at whieh 50 %of the females bee~e mature was 30.8 em in
1979-1980 and inereased to 33.8 cm in 1982. The eorresponding age was
estimated at 4 years. In the period around 1900 this age was estimated
at 5 years.

."
Growth was shown to'be isometrie. The eondition faetor peaks in Oetober-
November. A drastie deeline oeeurs in the spawning period when the
females shed their egg~. A eorresponding deeline 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 ealeulated:
1. the net energy produetion during the summer feeding period between

March and Deeember,
2. the energy expenditure in somatie growth, egg produetion and metabolie

losses during the spawning period. .
Summer produetion appears to be almost linearly related with the weight
of the fish. The proportion of the summer produetion, whieh is spent
in egg production increases with the weight of the fi~~ Winter metabo­
lism was found to be related to the weight to the power of 0.74. The
ratio of the energy expenditure in egg production and somatic growth
increases with the age and the weight of the fish. Summer produetion
and ratio of energy expenditure are proposed as the important parameters
to use in a comparison of energy budgets. This is explored in a
eomparison of the energy budgets of the two historie periods.
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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~ 1974; 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 (1914).
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
theinterestof both fisbermen and fisbery biologists for several
generations. A summary of the changes ,in the stock in relation to the
fisbery is given by,BANNISTER (1978). The annual yield increased from
50.000 tonnes,before the second world war to arecord 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 tbe southern North Sea and the German Bight~ and by BANNISTER
(1978)~ wbo concluded that the average recruitment-in the period 1922­
1938 of 281 million was significantly lower than in the period 1945­
1971 (377 million),.

.'!

Plaice shows a seasonal pattern of feeding in summer and spawning in
winter. From Decembe~ 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 growtb of tbe gonads as shown by DAWSON & GRIMM (1980) for Irish
Sea plaice.

This paper presents a preliminary analysis of tbe energy budget of
female North Sea plaice~ connecting growtb and fecundity. The energy
budget calculated for the present situation will be compared with the
energy budget of two historie periods for which growth and fecundity
data were available: the period around 1900 and the period 1947-1949.
Changes in the growth rate and the fecundity between these periods will
be discussed,in tbe context of the changes in tbe energy budget.

, 'Material'and methöds.

~~~~~!~l~~~~~~te~~
Ovary sampIes were obtained from the landings of commercial beam
trawlers in tbe fish market. Fish as wellas vessels were sampled at
random within weight strata and area strata respectively. Sampling
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positions are shown in figure 1 and are summarized in table I. On
board of eommereial vessels the fish is stored on iee for not more
than 1 week. For eaeh fish the length, weight, age, sex and maturity
stage were recorded. The usual technique of separating the ooeytes
from the eonneetive tissue by using Gilson fluid was abandoned beeause
of environmental reasons. In the present study the ovaries were stored
in aleohol (50 - 70 %). The oocytes were separated from the eonneetive
tissue by washing them above a small meshed sieve under agentIe flow
of water. This method was developed by P. VAN LEEUWEN of our labora­
tory and is a further development of the method deseribed in VAN
LEEUWEN (1971). Only ovaries of ripening females (maturity stage 2)
were used. After taking the weight of the ovary a subsampIe of 1.50
to 3.00 gram was taken by eutting a seetion out of the middle region
of the ovary. Ooeytes were eounted with a wet eounting deviee. The
differenee between the aetual number of ooeytes and the estimated
number was less than 1 %. Nine sampIes of 300 - 1200 ooeytes eounted
by hand gave a mean differenee of 0.36 % and a range of -1.8 % to +
4.1 % with the wet eounting deviee.

In 1982 two subsampIes of the same ovary (left or right) were taken.
From a pilot test it appeared that the number of ooeytes per unit
ovary weight did not differ for the different positions within the
ovary (Table 11). The deviation from the estimated number of eggs had
a geometrie mean of 2.0 % and ranged from 0.08.% to 11.5 %. In 1983
the two subsampIes were taken from the left and the right ovary
separately. The deviation from the estimated number of eggs had a
geometrie mean of 1.9 % and ranged from 0.08 % - 21.3 %. Differenees
in the number of ooeytes. per unit weight between both ovaries were not
eorrelated with the differenees betweentheweights of both ovaries
(linear regression: r = .013, n = 151).

2E~~~_~~~_~~~~E~~l_~~~~~
The'growth and maturity of female plaiee was analysed using 1st
quarter data from the market sampling programme. Mean length for the .
youngest age groups were obtained from the "Tridens ii survey of
demersal young fish along the eontinental nursery area from the Duteh
eoast to the:Skagerrak .~n 1982 (Annales Biologiques, in press).

. .'
Condition faetors were"obtained from the market sampling data of
gutted fish. Maturity ~taging is explained in table 111. Maturity
ogives were ealeulated using GM regression of logit transformed
pereentages mature females (p): logit P = 0.5 1n (P/l-P). The
length at whieh 50 % of the females beeome mature was estimated from
the regression.

~~~~~E~~~~~~_~!_~~~E~_~~~~~~~~~

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

Unsorted fish sampIes were obtained from eommereial beam trawlers
(table I). The sampIes have been stored on ice for not-more than 1
week. At the laboratory, females of the maturity stages' 1, 2 and 7
(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 reeorded 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 subsampIe 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 PAHR microbomb calorimeter. The calorific measurements
of the same sampIe were all within 1 %of the mean, so only one
measurement per fish was taken. In order totest the homogeneity of
the minced fish 36 sampIes were oven'dried and eombusted separately.,
The mean differenee was 2.06 %with a range of 0.0 - 4.6 %. All energy
values ure uneorrected for the endothermic eombustion of bony material.

,~~~~~l_~~~~~_~!_~iE~_~~~~~

The energy eontent per egg was ealeulated from the dry weight per egg
and the energy value per unit dry weight. Eggs,of ripe running females
were obtained from market sampIes. The dry weight per egg was obtained
from sampIes stored in 4 %formaldehyde in seawater. The eggs were
washed and a sampIe of 500 eggs was counted by hand and oven dried at
70°C to eonstant weight. From these'eggs no proper pellet eould be
made for eombustion~ The energy value was therefore estimated from ripe
eggs frozen at - 20°C and subsequently freeze dried and eombusted.

Results.

Growth:

The distribution of plaice is size dependent. The smaller fish dominate
the eoastal 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 iri
figure 2 in whieh the mean length of female plaice in the market sampling
data is eompared with those of the "Tridens" survey of the eontinental
nursery areas in 1982. Up to age group 4 the market sampling does not
give,a reliable estimate of the mean length of female plaiee.

A BERTALANFFY growth eurve is ealculated for the eömbined data using
the least square method of TOMLINSON &ABRAMSON (1961). The results
are shown in table, IV ••

". "

gi~~~~~~~_~~~~~_~~~~l
• .' I • . . •Beeause ~n a maJor part of the old l~terature the age of pla~ce 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 eonsistent with
the eonvention presentlyin use.

Growth data of female North Sea plaice for the period 1947-1949 have
not been published. However, from the basic data of the fecundity study
of SIMPSON (1951) the mean length at age in the 1st quarter ean be
caleulated.

Table IV gives the present and the historieal mean length at age data.
Compared with. data given by WALLACE (1907) for the beginning of this
century theyounger age groups at the moment grow faster. At present
the growth in length of age group 6 and 7 tend to level off, whereas
in 1900 these age groups still continued thcir 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,beeause he
selected only the mature ~emales. which havc a ~aster growtb Thcrc~ore.
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they should bc compared with thc market sampling data and not with
the "Tridens" data.

~~-~!_!!~~~-~~~~~!~~~
Maturity - lcngth relations were studicd in apart of the available
material from the Dutch market snmpling 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 geometrie 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
33.8cm. 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 snmpling
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 old 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 4 year.

~!~~~~!~~!_~~~~~!~~-~~~~~
The criterium of distinction between juvenile and mature.plaice
presently in use is similar to the criterium used in the study of
WALLACE (1914). Figure 3 compares the maturity-Iength 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 (1914) shows that nearly 50 %of the 5 year old
females had becomema~ure (figure 4). However, the method of ageing
used in this study differed from tbe method presently in use and used
by WALLACE (1907) in nn 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 ean be estimated at 5 year. At present 50 %
mature at age 4.

~~~~~~~~~~
The fecundity - size relationship was determined for four models (tablc
VII). A linear relationship between fecundity and weight gives the
best eorrelation. Geometrie mean regression (RICKER, 1974) was used to
describe the functional relation between the' fecundity and the weight.
Figure 7 shqws 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.
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A comparison of both years shows that the fecundity in 1983 was
significuntly lower thun 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
significunt difference betweenthe areas could be shown for the slopes
(1982: F = 2.96, d.f. = 2;96; 1983: F = 0.079, d.f. = 2;149) as weIl
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
unalysed with a stepwise multiple regression analysis. Because plaice
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 ( L3 .) and condition contribute significantlyto the
variance in the fecundity. In 1983 also the age of the fish explains
a significunt, although small part of the variation in the fecundity.

~!~~~E!~~!_f~~~~di~l_~~~~~

Fecundity studies of North Sea plaice have been published by
REIBISCH (1899) und FRANZ (1909a &b) for the beginning of thiscentury
and by SIMPSON (1951) for the period 1947-1949. Tne 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 eompare 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. BothGM 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 line. .

\ ~! .

~~~~~~!_~~~~~~_!~~~~~_~~~~~~_:_!~ng~~-E~!~~!~~~~~E~
Weight - length relataonships are usually expressed in the eondition
factor: CF = W/1 3 assumirig isometrie growth. To check this assumption
the log weight - log length relation is caleulated 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 ean therefore be eoncluded
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 und the spent females
could be found (F = 0.686, d.f~ = 1;536, SNEDECOR, 1947). The elevations
of the regression lines, however, differed significantly (F =727.59,
d.f. = 1;537} and show that the condition of the fish strongly
decreases during spawning.
. , ,

A more detailed picture of this seasonal change in tne weight - length
relationship 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
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onwards the condition factor increases steadily towards a maximum in
October and November. During winter the conditon factor slightly
decreases from 1080x 10-s in October and November to 1017 x 10-5 in
February.

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 doesnot 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
conclusion 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.

~~~!:~L~~dg~~.:.

The measurement of the calorific contents of female plaice are
summarised in table 11 and are plotted in figure 9 •. The en~rgy

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 weIl as the energy value per'unit of fresh body weight
decreases (figure 5 and 9).

The energy loss during the spawning season can be calculated by
subtracting from the total energy contents at the.beginning of the
spawning 'season in December, the energy contents at the end of the
spawning season in March. The condition.factor (gut~ed weight) of
ripeming females in December is estimated at1075 x 10-5 (figure 5) and-5 . .
decreases to 865x 10 ~~n March (spent females). Energy values per
unit fresh weight aeci,eases from 5.81 kjoules in December to 4.10
kjoules in March (table 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 487,X 5.81 = 2832
kjoules. In March after the spawning 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 10ss during the spawning
season is partitioned intheenergy loss ror 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 energycontents after spawning in
March and at the start of the fasting period in December. The energy
allocated·to somatic growth is calculated from the d~ference.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
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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 sampIes 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 estimate of the energy needed for metabolism during the
spawning season.

Figure 10 summarises the energy partitioning for the different age
groups. The age range has been restrieted to 4 - 12 years because,the
assumption of a eonstant eondition faetor might not hold outside this
range as shown in figure 6. From figure 10 it ean be seen that the
proportion of the egg produetion of the total energy loss during
spawning is not eonstant but inereases as the fish gets older and
beeomes bigger. The energy foregg production and that for winter
metabolism are eomplementary. Consequently the proportion of winter
metabolism ehanges in relation with weight and age. Metabolie rates
(MR) are known to be a funetion of body weight (W): MR =a.Wb in
whieh the exponent b = 0.70 - 0.80 (e.g. WINBERG, 1956; JONES, 1976).
Caleulation of the regression of the log-log transformed winter
metabolism against body weight in Deeember shows a similar relation to
the weight: log winter metabolism = 0.503 + 0.74 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 ehemieal analysis (DAWSON & GRIMM, 1980).
Calorifie values obtained by bomb ealorimetry are usually slightly
lower than those obtained by ehemical 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
plaiee is similar, to the pattern of Irish Sea plaiee (DAWSON & GRIMM,
1980). These authors ealculated the energy budget ~or a 7 year old
female (35.8 cm and 527 gram). The gross energy content deereased
from 3506 kjoules in peeember to 1862 kjoules in Mareh, a deerease
of 53 %. The proportiOn of this deerease alloeäted in egg production
was 60 %. For North Sea plaice we have found that the female body
looses 43 %of its en~rgy from Deeember,till Mareh (table XIII), of
whieh betweeri 37 and 56 %is alloeated in egg produetion. A female
of the same weight as the Irish Sea example (527 gram) will loose
approximately 46 %in the production of eggs. The estimated total
energy losses during the spawning season are rather similar taking
into aeeount the different methods and the rather erude assumption
made.

In an attempt to make a quantitative eomparison of the ehanges in ,
growth,rate and feeundity, we have ealeulated the energy budget for
both historie periods to eompare with the energy budget of the present
period. '

Two types of hypotheses have been formulated to explain ehanges in the
basic biological parameters: 1. Increase in the availability of food,
due,to a redueed eompetition for food when the stock size is reduced
by fishing, or to an inereased level of nutrients. 2. Seleetion of
faster growing genotypes due to the relatively inereased fishing
mortality of the slower growirig individuals. .

.,.,
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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 periods 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 wereestimated 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 atthe start of"the feeding season in March. Summer
production seems linearly reiated 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 .10-5 and an
energy value of 5 kjoules per gram fresh weight (unpublished data
RIVO) the' total energy contents at the end of the first growing
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 fish decreases as the
fish grows. The lines of 1982-1983 and 1947-1949 run almost parallel
but differ in level. The slope for "9'00 seems to be somewhat ~igher

than for 1947-1949 and.1982-1983 •.

It is expected that the summer productionwill 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
slightly belowaverage. We therefore tentatively conclude that food
availability might be one of the major factors involved in the change
in the level of summe~ 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
1947-1949 at 350 tbousand 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 available energy
over botb parameters. The second aspect of our comparison concerns
this partitioning. It is generally accepted that.life history patterns
have become adapted to the particular environmental conditions of a
species. So the trade-off between the energy expenditure in reproduction
and in somatic growth will be adapted to maximise tbe 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
und somatic growth will have a fixed value for each age. In figure 12
this ratio "is plotted againstage. The ratio increasee geometricallY .
with age. Comparing the periods, we see that the ratio increased for
each age group going from 1900 to 1947-1949 and t01982-1983. So,
plaice has invested an increasing proportion of the available energy •
in reproduction at a progressively younger age. .



- 10 -

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 (figure 11) and is partitioned 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 partitioning of between egg production
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 difrerence
inthe 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 pinpointeddown
a significant question to be tackled in future research. In this
context a description of the energybudget 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.
Somatic growth mainly takes place in summer, whereas the energy
reserves for egg production are mainly 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 which are in a s~age of
atresia (resorption) can be observed (BARR, 1963; DUNN & TYLER, 1969),
suggesting that the fish could have a mechanism 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 t6 a high
fecundity. This could explain the influence of the condition factor
on the fecundity as observed in 1982 and in 1983 (table IX).

.. ..··1
The comparison of.theenergy budgets of the two historie periods leans
heavily on the assumpt,ions made about the constancy of condition
factors and energy vaiues, on the accuracy of the growth and,fecundity
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 historie periods and the present
value (1048x 10-5

). SIMPSON 1947-1949; ripening females: 1032 + 106 (x 10-5 )

n = 197. REIBISCH (1899): .:dpening females 1'083 + 134x 10-5 ;-n = 12,
and spent fe~ales: 780 + 59x 10-5

, n = 14. So the condition of
ripening femaies seems not to be different. The condition factor of the
spent females of REIBISCH (1899) is lower than the present value (865

x 10-~ 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 historie 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 , 1907).
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Figure 3 - Maturity - length relations:
a. Southern Bight in 1982, 1979-1980 and 1911 (WALLACE, 1914),
b. North Sea '(IV b+c) in 1982.
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Figure 4 - Maturity - age relations:
a. Southern Bight 1982 and 1911 (WALLACE, 1914),
b. North Sea (IV b+c) in 1982.
The ageing of WALLACE differed slightly from the present
study. See text.
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Figure 5 - Seasonal pattern of (a) gonad weight as a percentage of the
gutted body weight) (bY conditi~n 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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Figur€:' 6 - Relation between the condition factor (* 10-5 ) and the age
of ripening (upper line) and spent (bottom line) females in
the first quarter of1982.
Figures indicate the number of observations for each age group.
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Figure 7 - Relation between the fecundity and the gutted weight ln 1982
and 1983.
GM .regression lines are drawn for both years.
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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
sampIes. Crosses indicate the mean values for mixed sampIes.
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 metabclisn.
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FigureJ2 - Ratio of the energy'partitioned in egg production and
somatic growth in.relation with age (A) andweight (B) of
the fi~h for three.periods.
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Table I-Summar~ of the samplin~ for fecundit~ estimates (A), and calorific measurements (B)

A: FECUNDITY ESTIMATES SEASON 1982 SEASON 1983

DATE POSITION NUMBER OF FEMALES DATE F'OSITIO~ NUMBER OF FEMALES

21.12.81 5300N 330E 14 13.12.82 5320N 230E 33
07.01.82 5235N 250E 17 13.12.82 5415N 415E 20
11.01.82 5420N 640E 8-' , ',!",t,. 10.01.83 5355N 050E 39
11.01.82 5400N 200E 11 14.01.83 5450N 610E 20
18.01.82 5403N 215E 13 14.01.83 5430N 420E 25
25.01.82 5310N 320E 10 24.01.83 5245N 345E 18
01. 02 .82 5440N 530E 12
08.02.82 5420N 050E 11
22.02.82 5420N 640E 6
--------------------------------------------------------------- .._--------------------------------------------------------
B: CALORIFIC MEASUREMENTS TOTAL BODY: NUMBER OF ,FEMALES NUMBEf.: OF MALES
--------------------------------------------------------------------------------------------------------------------------
DATA POSITION sta~e 2 stase 1 sta~e 3-4 stase 6 stase 1
-------------------------------------------------------------------------------------------------------------------------
17.12.82 5235N 250E (U)

17.12.82 5210N 250E 11 6 3
17.01.83 5430N 055E (2*) 3*
28·d1.83 5240N 250E (2*> 4 4 (4*) ( 1:t.)
31. 1.83 5430N 630E 17 4 (3*) ( 1*)

21.02.83 5330N 200E 2 9 <3*) <3*)
04.03.83 5240N 250E 10 ( 4:t.) (6*)
14.03.83 5400N 100E 10 <1*) (2*)

<nI) number of me~surements of ffiixed saffiPles



Table II - Relative number of ooc~tes per unit ovar~

wei~ht (x) for different pdsitions in the
ovar~ and its standard deviation (SD) and
nu~ber of observations (n)
1. caudal, 2. middle, 3. anterior

Posi tions

•
;.:

SD
n

1

0.984

s

2

1.007
0.034
8

3

1.006
0.045
11

rable III - Maturit~ sta~in~ of female plaiee in the Dutch research

(~ode st.a=le desc r iption

1 ~ilJveni le llJlllen transparent, sre~ eololJr
"'l ri?enin~ oran~e coloured ooe~tes visible...
3 as 2, with a few ripe transparent esss
4 ripe Ol/ar~ eompletel~ fi lled wi th ripe transparent eSS5
5 spawnin~ riF"e eSS5 part.l~ shed

• C. nearl~ spent ovar~ contains onl~ a slI,all amount of ril"e esss
.., spent ."! back t.o st.age 2l



--------------------------------------------------------------------------

T~ble IV - 1st Guarter mean lensth at age of female pl~ice in the
Southern North Se~ at present and in the Post.

Ase Tridens Market salllPlins Simpson Wall ace
1982 1980-82 <1951> <t 907)

2 20.8 25.7 15.7
3 25.3 30.8 28.9 21.3
4 31.6 35.7 31.1 27.4
5 36.9 37.9 33.4 33.8
t. 39.6 35.6 40.7
7 40.9 36.9 43.4
S 42.1 40.7
9 43.4 ·42.8
10 45.3 43.8
11 46.9 42.5
12 47.1 47.0
13 49.9 49.2
14 51.B 46.6
15 52.5 . 47.7

PastPresent
------------------------------------------

-------------------------------------------------------------------------

•

[lert.alanff~ srowth curves: Linf k tO
1980-82 )l 54.45 .1769 -0.777
1947-49 57.01 .1029 -3.745
1900 121.05 .0642 -0.097
---------------------------------------------------~-------------------
)1 data from Tridens up to ase 5, and from market sampling for ase >=6



r----------------------

Table V _ Regression coefficients of losit transformed proportions mature
females (P) asainst lensth (L)
model: losit P =a t b (L-O.5)

•

Data SOIJree a b r L 507.
---------------------------------------------------------------------
Nc,rth Sea 1982 this stlJd!:l -10.73 .320 .982 34.1

SOIJthern Bight 1982 this stud!:i -10.09 .303 .964 33.8

Southern Eiisht 1979-80 this stud!:i -7.20 .237 .957 30.8

Southern Bisht 1911 Wallaee( 1914) -8.84 .266 .989 33.7

Table VI - Regression eoeffieients of the los - los transformed weight (101)
lensth (L) relationshi? for different maturit~ stages in the
1st auarter market samplins data of 1982
model: los W= a + b los l

M2.t.Uri t!:i stase b r n

•

~iuvenile

ri;:-enins

spent

-4.62 2.987 2.907-3.067

-4.80 3.063 2.989-3.137

.96

.98

322

218

Table VII - Correlation and regression coeffieients of feeundit~ (Fee) in
relation with the weisht (101) aod lensth (L)

Reht.ion a b r N p

-----------------------------------------------------------------------
Fee = a t bW -16.60 0.2579 0.917 257 <0.001

Los Fee = a t blosL -6 ..WO 3.174 0.861 257 <0.001

Fee = a + bLU3 -1.745 0.00252 0.844 257 <0.001

Log fee = a t b log W -2.101 1.094 O.91B.... 257 <0.001



Table VIII - Correlation and re!:lression coefficients of the relation between feclJndi t~ (Fec) and the wei~ht OJ)
for three different öreös in the North Seö in the spawnins periods of 1982 and 1983.

SPAWNING SEASON____________________________________________________________________J _

1982 1983
----------------------------------~~------------------ -----------------------------------------------------

~lrea a b _." .. 95r.cl r N a b 95r.cl r N
-- ..------------------------------~~~----------------- ------------------------------------------------------
SOlJthern Bi~ht -HJ.15 .2829 .2544- .3114 .964 31 -7.82 .2437 .2215-.2659 .948 51

German Bight 28.05 .2103 .1514-.2692 .745 26 -9.07 .2415 .2111-.2719 .866 65

r1ambo rOIJsh -51.43 .3004 .2682-- .3326 .937 45 -6.08 .2339 .1950-.2728 .866 39

total
North Sea

-27.74 .2814 .2603-.3025

1982

.926

t

102

1983

-9.52 .2425 .2269-.2581 .• 915 155

a b r

lotal
North Sea

·-----------------------------------------r-----------------------------------------------------------------
-16.60 .2579 .916 257 predictive regression (AM) .
-35.61 .2815 flJnctional regression (GM)



Table Ix-Results of the stepwise multiple re~ression anal~sis of the
influence of size (L**3), condition factor (CF) and aSe (A)
on the fecundit~ (Fee) in 1982 and in 1983
model: Fee = a t 01 L**3 t 02 CF t b3 A

CORRELATION MATRIX
-----------------------------------------------------------------------------------

1982 1983
-----------------------------------------------------------------------------------

L**3 CF A~e Fee. LU3 CF A~e Fee

LU3 1 .12843 .B4161 .86540 1 -.04362 .87416 .85280

CF .12843 1 .01877 .46285 -.04362 1 -.0241 .30049

ASe .84161 .01877 1 .68339 .87416 -.0241 1 .79073

Fee .86540 • •46285 .68339 1 .85280 .30049 .79073 1

Resress.ion Standard t Re~re=.sion

coefficients: errors: value coefficients:

<> ·'446.064 -368.11

h1 .002882 .OO(H26 22.87 .001917

b2 399.032 40.0301 9.97 353.476
-

sisnificant 5.7888 -b3 not aeeepted as
....ariable

Standard t
errors: value

.000175 10.95

33.38 10.59

·',1
-----------------------~---~-------------------------- ------------------------------



Table X - Geometrie mean re~ression eoeffieients of the feeundit~

(Fee) a~ainst the eube of the len~th (L**3) in three periods.
model: Fee = u + v L**3

SOIJree u 1/ 957. e.l. r n

Reibisch (1899) -107.4 .00322 .00290-.00353 .861 109
Fran:: (1909 a t b)

Simpson <1951> -20.6 .00191 .00178-.00204 .870 197

this stlJd~ -37.7 .00298 .00279-.00318 .844 257
--------------------------------------------------------------------------

Table XI Calorifie measurements of the total bod~ cf
female plaiee cf two maturit~ stases.

DATE i: DRY WEIGlH
>: S[I n

ENERGYIGF:AM DRY
>: SD n

ENERGY/GRAM FRESH
>: SD n

ripenin~ females (sta~e 2)

17-12-82 25.8 1.4 11 22.5 1.1 11 5.81 .42 11
17-01-83 24.1 2.1 11 21.8 0.3 2* 5.27 .04 2*
28-01-83 26.2 3.1 8 22.0 0.4 2* 5.77 .10 2*
31-01-83 23.7 1.3 17 21.3 1.1 17 5.06 .46 17
21-02-83 22.6 0.9 2 22.0 0.4 2 4.98 .OB 2

spent females (sta~e 7)

28-01-83 22.8 1.0 5 18.8 0.9 4 4.31 .29 4
21-02-83 21.5 1.1 9 19.5 0.8 ~ 4.18 .25 9
04-03-83 20.8 1.2 10 18.8 1.4 10 3.89 .29 10
14-03-83 22.0 .. ?{O 10 19.6 0.9 10 4.31 .42 10

n x mixed sampIes.

Table XII- Eners~ and dr~ weisht measurements of ripe ?laiee esss
in 1983

Individualsamples Mi}:ed sampIes

Ener~~ value
per sram dr~ wei~ht

Dr~ weight per 1000 esss

>:

24.42

.250

SD

.39

.023

n

9

9

..,.
24.59

SD

.28

n

3



Table XIII - Energ~ bud~et of mature females North Sea plaiee in 1982-1983

--------------------------------------------------------------------------------
AGE lENGTH lJEIGHT FECUNDITY SUMMER SOMATIC EGG WINTER

DEC MARCH UOE-3 PRODUCTION GROWTH PRO[l. METABOLISIi
elll gram gram

--------------------------------------------------------------------------------
4 31.06 344 277 52.8 322 544
5 34.85 487 391 89.3 1694 469 548 682
6 38.03 632 509 126.7 2071 485 778 812
7 40.(:.9 775 624 163.2 2418 473 1000 950
8 42.92 909 732 197.7 2728 443 1213 1071
9 44.79 1034 831 229.5 3012 406 1410 1196
10 46.35 1145 921 258.2 3250 368 1585 1297
11 47.66 1245 1002 283.8 3464 330 1740 1393
12 48.77 1334 1073 306.6 3648 293 1882 1477
-------------------------------------------------------------------------------

I~ble XIV - Estimated ener~~ bud~ets for two historie periodsf
assuming similar eondition faetors and energ~ values
to 1982 and 1983

PLAICE NORTH SEA 1947-1949

AGE lENGTH lJEIGHT FECUNDITY SUMMER S8MTIC EGG WINTER
[lEe MARCH :t:1OE-3 PRODUCTION 6ROlJTH PRO!I. METABOLISM

em Sram ~ram

---------------------~---~---------------------------- --------------------------.
4 31.31 353 284 41.4 254 634
5 33.82 445 3~B 55.4 1423 303 340 780
6 36.09 541 435 69.9 1675 315 429 931
7 38.13 638 513 84.7 1925 320 520 1085
8 39.98 735 591 99.5 2170 320 610 1239
9 41.64 831 668 114.0 2406 316 699 1391
10 43.15 924 743 128.2 2632 307 786 1538
11 44.50 1013 815 . 141.9 2847 296 871 1680
12 45.72 1100 885 154.9 3050 284 950 1816
-------------------------------------------------------------------------------
PLAICE NORTH SEA 1900

:5
6
7

33.77 443
39.20 .. 693

44.28 999

356
558
804

16.5
86.4
172.0

2568
3522

101
825 530
1009_ 1055

1014
1214
1457

--------------------------------------------------------------------------------

•


