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Growth and Maintenance in the Plaice (P. platessa, L.)
Part II.

By
Ben Dawes, A.R.C.8., D.I.C,, F.L.S.

With 11 Figures in the Text.
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INTRODUCTION AND METHODS.

Ix a previous paper (Journ. Mar. Biol. Assoc., Vol. X VII, No.1, Sept., 1930)
I described in detail a series of experiments on Growth and Maintenance
in the Plaice which were carried out during 1928 and 1929 at Cawsand,
near Plymouth, and at Lympstone, near Exmouth. The purpose of the
present paper is to present and discuss data collected at the above places
during 1930 in continuing the experiments. The conditions under which
the last experiments were carried out were identical with those of 1929,
i.e. refined with reference to those of 1928. Several additions were made,
however, to the series of 1929. Two fish of each sex were supplied with
maximum rations while living under the conditions maintained during
1928 and were segregated in a box, which had the original " mesh wire-
netting windows but which was divided up into compartments. This
experiment was arranged in order that we might ascertain the possibility
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of food leakage due to tidal action during the course of the earliest experi-
ments, but it also enables us to compare the results obtained under slightly
different conditions of water circulation, which is important in view of the
fact that the windows of the modified hoxes were of necessity minimal in
area.

There is yet another departure from the experiments of 1929, The
results of the experiments of 1928 tended to show, if in a rather unsatis-
factory manner, that fish taking quantities of food intermediate between
maintenance and maximum rations made more efficient use of food for
purposes of growth than did maximum-fed fish. Unfortunately, the
refinement of the preliminary experiments during 1929 entailed an
additional amount of routine work and made it impossible to check these
promising results. The question of increased efficiency with intermediate-
feeding is a very important one, and it was deemed advisable during 1930
to obtain evidence which would either support or refute the conclusion so
tentatively put forward and to impart some finality to our views. Aeccord-
ingly, two fish of each sex were kept segregated under the refined con-
ditions and in parallel with maximum-fed fish. These fish were supplied
with intermediate rations, roughly twice the value of maintenance rations.
The number of fish is admittedly small, but it must be emphasised that
the inclusion of these four fishes in the experiment distended the routine
work to such an extent that it was quite impossible to include more.

Apart from these details, the experiments of 1930 were identical with
those of 1929. Feeding operations were performed daily, the food being
Mytilus edulis as before, and especial care was taken to avoid the inclusion
of food fragments likely to he washed out of the boxes by the tides.
Each day, before food rations were presented to the fish, the surplus
food from the previous meal was meticulously removed and * weighed
back.” Weighing and measuring operations were performed fortnightly
as before, and the time interval between the last meal of the fortnight and
the weighing was maintained as constant as was practicable. Tempera-
ture records were kept at Cawsand and Lympstone alike, graphs of weekly
maxima and minima being prepared finally from them.

Before passing on to a description of results, it must be mentioned that
during the first two months the routine work was carried out by Miss
Thursby Pelham of the Ministry of Agriculture and Fisheries Laboratory,
Lowestoft, and her assistant, under my supervision and direction. Again,
during early September I was on leave and in mid-September resigned
my position in order to take up an appointment in London. The experi-
ments were therefore directly carried out by me only during the latter
part of June and during July and August. When I left the work, Messrs.
G. M. Spooner and J. E. Smith of the Marine Biological Association
Laboratory, Plymouth, jointly took charge of the experiments, the data
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of which were sent to me in London. Before proceeding I wish to record
my thanks to the above-mentioned people for their contributions to the
work. Mr. H. Lees, Tank Superintendent of the Ministry of Agriculture
and Fisheries Mussel Tanks, Lympstone, retained his charge of the
Lympstone experiments under the direction of Dr. E. 8. Russell and Mr.
T. Edser, who kindly sent me the data obtained. Thanks are due to Mr.
Lees for his share of the work and especially for the observations which
were continued throughout the winter of 1929.

I. RESULTS OF THE CAWSAND EXPERIMENTS OF 1930.

1. MintvuM REQUIREMENTS AND MAINTENANCE.

Data concerning the experiments with male fish supplied with minimum
rations are shown in Tables 1-6, these fish belng referred to as C1-C6. It
will be seen from these tables that the initial sizes of the C fish form an
ascending series from C1 (13-1 em. ; 21-5 gm.) to C6 (23-0 cm. ; 115-0 gm.),
and it will be realised that the size range thus covered by the series is
roughly the size range of growth of maximum-fed, fully-growing plalce
during the third season of growth. The aim of these experiments is to
obtain data which can be applied to an estimation of the gradually in-
creasing maintenance requirements of plaice which are passing through
this season of unrestricted growth. The uniformity displayed in the
results of earlier experiments of the same kind with numbers of fish of
the same size, justifies this attempt to measure the variation in mainten-
ance requirements with single fish of increasing size, particularly as
earlier work had not provided really satisfactory results and as there was
no possibility of increasing the number of fish included in the experiments.

The smallest fish, C1 (initial length 13-1 cm. ; initial weight 21-5 gm.),*
was maintained fairly constant in weight over a period of 144 days (final
weight, 20-8 gm.), slight losses during the early part of the experiment
being due to a refusal to take food. The total quantity of food taken
during 144 days was 66-9 gm., or roughly 3 times the mid-body-weight.
During the various fortnightly periods, less than 0-40 gm. of food per day
resulted in slight loss of weight ; more than 0-50 gm. per day in increase
in weight except in one instance (Sept. 19th, Table 1). The maintenance
requirements of a 21 gm. male plaice thus appear to lie between 0-4 gm.
and 0-5 gm. of food per day, i.e. between 0-019 and 0-024 of the mid-body
weight for the periods considered (=the maintenance ratio). For 144
days, an average of 0-46 gm. of food per day was required, yielding a
maintenance ratio of 0-022,

* Tn the descriptions to follow, the abbreviations init. lth. (for initial length) and init.
wt. {for initial weight) will be used.,
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C2 (init. Ith. 15:3 em.; init. wt. 31-5 gm.) (Table 2) showed
slight periodic fluctuations in weight, but after 176 days had increased
its initial weight by only 44 gm. Slight losses in weight occurred during
three periods when the average daily ration was less than 0-47 gm., slight
gains during eight periods when it was more than 0-45 gm. The mainten-
ance ration would therefore appear to be 0:45-0-47 gm. per day, the corre-
sponding ratio 0-013-0-014. Over 176 days the average daily ration was
0-49 gm., the maintenance ratio 0-015.

C3 (init. Ith. 16-9 cm.; init. wt. 450 gm.) (Table 3) was kept
to within 2 gm. of its initial weight over a period of 162 days, despite
periodic fluctuations. This fish can be taken to illustrate the difficulty
entailed in an attempt to maintain the weight of any plaice constant for
a succession of fortnightly periods, although it would be easy to find other
suitable examples. For the period ending June 23rd the average daily
ration was 0-57 gm. and the body-weight was maintained constant.
Consequently, a similar average daily ration was supplied during the next
following period to July 7th, which resulted, however, in the relatively
great weight increase of 1-9 gm. During the next period to July 21st the
ration was lowered by 0-03 gm. per day and the result was good, the weight
increase being only 0-1 gm. A further slight reduction of the ration (by
0-03 gm.) during the period ending August 6th resulted in an enormous
loss of 25 gm. in body-weight, and an increased ration (by 0-02 gm.)
during the period ending August 21st also resulted in loss of weight
(12 gm.). Thereafter, much greater daily rations were required to
maintain the weight of the fish constant. This succession of incidents
is important and has been dealt with at such length because it shows
clearly how maintenance requirements seem to fluctuate, a difficulty
which must inevitably be encountered in work of this kind. The difficulty
is referred to briefly in my previous paper (p. 119).

During the first 100 days of the experiment, C3 lost weight during
fortnightly periods whenever less than 0-53 gm. of food was taken on the
average per day, and gained weight whenever more than 0-54 gm. was
taken, so that these quantities mark the limits of the maintenance require-
ments, the maintenance ratio being 0-011-0-012. By comparison with the
results for other fish, these values are low and this observation is perhaps
not altogether disconnected with the fact that beyond this period and to
the end of the experiment, C3 required greatly enlarged daily rations
for maintenance. It is suggested that during the early part of the experi-
ment weight was maintained constant on unusually small rations by
atypic means (e.g. excessive water imbibition), after which some adjust-
ment was effected causing much greater rations to be necessary. For the
whole period of 162 days, the average daily ration was 0-64 gm., providing
a maintenance ratio of 0-015.
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The results of the experiments with the males C4, C5, and C6 are shown
in Tables 4, 5, and 6. Taking C4 (init. Ith. 18-9 cm. ; init. wt. 59-0 gm.)
first, and noting for the various fortnightly periods loss or gain
in weight following upon varying average daily rations, it is found that
the maintenance requirements appear to be 0-85-0-86 gm. of food per day
(maintenance ratio=0-014). During the whole course of the experiment
(178 days), an average daily ration of 0-89 gm. was taken and at the end
of this period the initial weight had been increased by 3-5 gm., so that the
maintenance ratio of 0-015, which is indicated, is slightly high. C5 (init.
Ith. 21-2 em.; init. wt. 86-7 gm.) appeared to require daily rations
of from 0-87 gm. to 099 gm. for maintenance from one period to
another (Table 5), this giving a maintenance ratio of 0-010-0-011. For
the whole period of 164 days an average daily ration of 0-95 gm. was
taken and the total loss in weight was 1-3 gm., so that for the whole experi-
ment the maintenance ratio was 0-011, which closely follows the figures
indicated by study of the fortnightly periods. The largest fish, C6 (init.
Ith. 23-0 c¢m.; init. wt. 115-0 gm.), seemed to require 1-27-1-40 gm.
of food per day for maintenance (Table 6). which suggests a mainten-
ance ratio of 0-011-0-012. During 147 days it took an average daily
ration of 1-42 gm. and lost a total of 3-9 gm. in weight, so that for this
period a maintenance ratio of 0-013 is indicated.

The results of these maintenance experiments with male plaice are
summarised for the whole course of the experiments in Table 7. Tt is
seen that the average daily ration required for purposes of maintenance
by males of from 13-1 em. to 230 cm. and from 215 gm. to 115-0 gm.
gradually increased from 0-46 to 1-42 gm., neglecting slight losses in body-
weight. The corresponding maintenance ratios gradually decreased from
0-022 to 0-012. The difference between these quantities and values
represents the difference between the maintenance requirements of
different male plaice of various sizes, but by analogy it can be interpreted
as representing the difference between the maintenance requirements
of a single male plaice at various times during its third season of unre-
stricted growth, since the limiting sizes are approximately those which
mark the two extremes of this season, having heen chosen to serve this
purpose. In Figure 1 the decrease in value of the maintenance ratio with
increase in size of fish, and therefore by analogy also with increasing age,
is shown graphically.

The female plaice used in maintenance experiments, like the corre-
sponding males, were arranged so as to form a series having a total size
range comparable with that passed through by a freely-growing female
plaice during its third season. The results of these experiments are shown
in Tables 8-13, the fish being referred to as A5, A6 (a and b), A2, A4,
A3, and A1, and being taken in this order, which is that of increasing size.
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In the descriptions to follow the maintenance requirements suggested
by the study of fortnightly data will be found, as in the case of males, by
noting the periods when loss or gain in weight occurred on average daily
rations below or above a certain value. This will render unnecessary
much of what would otherwise prove to be tedious and almost endless
repetition.

The smallest female A5 (init. Ith. 122 cm.; init. wt. 17-3 gm)
appeared able to maintain itself on average daily rations of 0-39-0-47 gm.
for six consecutive fortnightly periods (July 7th-Oct. 6th ; Table 8), the
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Fig. 1.—Graphs showing, for male and female plaice between 2 and 3 years old,
the relationship between the maintenance ratio and the body-weight. Based
upon the results of the Cawsand experiments, 1930.

corresponding maintenance ratio ranging from 0-018 to 0-025. During
143 days, an average daily ration of 0-43 gm. enabled the fish to maintain
itself and to increase its initial weight by 4-7 gm., so that the maintenance
ratio of 0-022 which is thus indicated is slightly high. Both the fish
referred to as A6 steadily declined to take food in sufficient quantities
to satisfy their maintenance requirements, with the result that they
consistently and steadily lost weight. The data for these fish are
shown in Table 9 but we must decline to make use of them since they
would scarcely assist our purpose. A glance at the two points widely
separated from the curve on the left of Figure 1, which represent the
maintenance ratios for these fish, will convince one that these data are
best disregarded.
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The data for A2 (init. Ith. 173 cm.; init. wt. 490 gm.), which are
shown in Table 10, indicate that from one fortnightly period to another
between July Tth and September 5th, this fish was able to maintain
itself on daily rations of 0-64 gm.—0-67 gm., the corresponding range in
the maintenance ratio being 0-:012-0-013. During 148 days an average
daily ration of 0-69 gm. allowed of an increase in weight of 4-0 gm., so
that the maintenance ratio of 0-014 thus indicated is slightly high. A4
(init. 1th. 19-8 cm. ; init wt. 71-0 gm.) required a daily ration of from
0-83 gm. to 0-94 gm. for purposes of maintenance (Table 11), show-
ing a maintenance ratio of 0-012-0-014. Over a period of 178 days
there was a slight loss of weight (2-7 gm.) after an average daily ration of
0-87 gm. had been taken, this figure indicating a maintenance ratio of
0-012.

A3 and Al were both initially over 100 gm. in weight. The daily ration
required for maintenance by A3 (init. Ith. 22-0 em. ; init. wt. 101-5 gm.)
was 1-21-1-29 gm. from period to period (Table 12), the correspond-
ing ratio being 0-012-0-013. During 147 days, an average daily
ration of 1-21 gm. resulted in 6-3 gm. loss in weight, so that the mainten-
ance ratio is slightly greater than 0-012. Al (init. Ith. 245 cm.;
init. wt. 132-0 gm.) required 1-23 gm.-1-36 gm. of food per day for
purposes of maintenance from one period to another, the maintenance
ratio being 0-009-0-010. During 178 days an average daily ration of
1-24 gm. allowed this fish to increase its initial weight by 49 gm.,
which indicates that the maintenance ratio was slightly less than
0-009.

Summarised data concerning the females used in these maintenance
experiments are shown in Table 14, which is set out parallel with Table 7
for males. It is seen that the average daily ration required over long
periods for purposes of maintenance by female plaice ranging in length
from 12-2 cm. to 245 em. and in weight from 17-3 gm. to 132-0 gm.,
increases from 0-43 gm. to 124 gm., the corresponding maintenance
ratio diminishing from 0-022 to 0-009. This then is approximately
the order of the changes which would occur in the maintenance require-
ments of a female plaice during its third season of growth since, as
in the case of males, the sizes of these maintained fish were arranged
in a series, the size limits of which are also the limits for this season
of growth.

Thus for male and female plaice alike, the maintenance ratio at the end
of the third season of growth is only approximately one-half its value at
the commencement of the geason. And this is strikingly shown in another
way. The following table shows the multiple of the mid-body-weight
taken by male and female plaice during the whole period of experiment
indicated in days.
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Multiple of Multiple of

S Fish No. of Body-wt. of ¢Fish No. of Body-wt. of

No. Days. Food (gm.). No. Days. Food (gm.).
C1 144 32 A5 143 32
2 176 25 A6 — —
C3 162 2-4 A2 148 2-0
C4 178 2-6 A4 178 22
C5 164 1-8 A3 147 1-8
C6 147 1-8 Al 178 1-6

The smallest fish is shown at the top of the table, the largest at the
bottom, and it is clearly indicated that for the smallest plaice the ratio
of food-weight to body-weight is double that for the largest plaice. This
is in accordance with the suggestion tentatively put forward in my
previous paper, although the method then employed of combining Caw-
sand and Lympstone data was not altogether legitimate.

2. MaxtMmuM REQUIREMENTS AND GROWTH.

The growth experiments were marked out into two sets, the first con-
sisting of six fish of each sex housed in the modified boxes with fine mesh
windows, the second of two fish of each sex confined in boxes with }”
mesh windows similar to those used in the preliminary experiments.
All fish were segregated, however, and were tended separately. The fish
kept under the refined conditions will be referred to as D (3) and B (2)
fish respectively, those kept in boxes with 1" mesh windows as M (3 & @)
fish.

The results of the experiments with D and B fish are summarised in
Table 15, where it is seen that considerable variation in rate of growth
characterised both groups. Amongst males, the greatest total increases
in length and weight were shown by D1 (4-2 em. ; 41-3 gm.), the least
being shown by D6. The rate of growth was generally very slow as compared
with that shown during previous years, D1 and D2 succeeding in doubling
their initial weights over long periods (162-178 days), other males failing
to achieve this result during periods up to 116 days in extent. The
relatively slow rate of growth is best shown by comparison of these results
with that for D3 during 1929 which, during 175 days, multiplied its
initial weight by 6-8. This feature of rate of growth was shown also by
females during 1930, none of which achieved much more than a mere
doubling of the initial weight, B6 failing to do this, even over a period
of 131 days. For the whole range of the experiments the average daily
ration varied, among males from 1-6 to 3-0 gm., among females from
1-8 to 3-5 gm., so that appetite was rather smaller than during the previous
year, when for corresponding periods it ranged among males from 2-2 to
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3-3 gm. and among females from 2-3-4-1 gm., neglecting obviously
unhappy fish. Efficiency, i.e. the relation between food taken and growth
ensuing, also varied in different fish, but to a slighter degree than during
the previous year and it was generally much lower, i.e. the indices were
greater. Among males 9-1-11-9 gm. of food was required to produce
1-0 gm. increase in body-weight, among females 8:-5-12-9 gm. From the
above it will be seen that at Cawsand the growth performances of 1930
were distinetly inferior to those of 1929,

Data concerning the experiment with D1 are shown in Table 16, where
it is seen that the increments of length and weight added from period to
period were most irregular, especially the latter, which varied from
—0-3 gm. to 10-2 gm. per fortnightly period. The average quantity of
food taken daily varied simularly during different periods, but only
slightly, from 2-15 gm. to 4-08 gm. Variation also occurred in respect to
efficiency, as measured by the quantity of food required to produce
1:0 gm. of fish irrespective of time, and was very strongly marked, as will
be seen by inspection of col. 6 of the table. The maximum efficiency
shown during the whole course of the experiments is represented by the
index 4-2 for the period ending June 9th.

Similar results were shown by the other male plaice, D2-D6 (Tables
17-21). In the case of D2, growth in weight per period varied from
—~0-9 gm. to 7-0 gm., the average daily ration taken from 1-00 gm. to
264 gm., and efficiency between tremendously wide limits (Table 17).
Efficiency was greatest (index 4-3) during the period of maximum growth
(June 9th ; 7-0 gm.). D3 showed maximum appetite (3-20 gm. per day),
maximum growth (10-6 gm.), and maximum efficiency (index 4-2) for the
whole experiment during the period ending July 21st when the ratio
W/L? attained its maximum value (0-011), (Table 18). D4 shows the
maximum increage in weight for any period (6-2 gm.) when the appetite
was a maximum (2-2 gm. per day) during the period ending August 6th,
when efficiency was high (index 5-7) but not a maximum (period ending
June 9th ; index 4-4). At the same time W/L? reached its maximvm
value of 0-010 (Table 19). D5 and D6 did not show such high degrees of
efficiency at any time, the maxima for these fishes being represented by
the indices 6-5 and 7-1 (Tables 20 and 21).

The results of the experiments with males thus lend support to the con-
clusion previously put forward that there is no simple relationship between
the quantity of food taken and the degree of growth ensuing. They also
show that such relatively high efficiency as is indicated by the indices
4-2-4-4, which neglect maintenance allowances, may be attained at
certain indeterminate times during the growth season. In Figure 2 the
results of these experiments are shown graphically as regards growth
increments of weight. It will be seen that the slopes of the curves shown
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are much less steep than that of the typical sigmoid curve shown for D3
(1929) in my previous paper (Fig. 5, p. 123).

Data concerning the female Bl are shown in Table 22. Growth inlength
per period varied from —O0-1 cm. to 049 em., growth in weight from
—b-9 gm. to 8:6 gm. Growth per period was a maximum during the period
ending July 21st, when efficiency was also a maximum (index 4-7) and
when the ratio W/L?® attained its maximum value of 0-011. When

WT.GM.
80

704
60+
50
40

30

20

0 1930

T T T T T T T T T T T ]
MAY MAY JUN JUN JUL JUL AUC AUGC SEP SEP  OCT  OCT  NOV
12 26 9 23 7 21 6 24 5 20 6 22 6

Fic. 2.—Growth curves of weight for the male plaice DI-D6 (Cawsand, 1930).

appetite was greatest (3-48 gm. per day, Aug. 21st), growth and efficiency
were both high in degree (7-6 gm. per period; index 7-0). This fish
showed consistently high efficiency from June 17th to August 21st, the
index 4-7 occurring during two periods, yet as in the case of the males,
considerable variation was shown from time to time.

The remaining females showed similar variations in rate of growth, in
efficiency and in appetite from period to period, as will readily be seen if
Tables 2327 be scrutinised. B2 took daily rations ranging from 1-32 gm.
to 3-56 gm. (neglecting the first week of mere maintenance), increased
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in weight by quantities varying from 0-2 gm. to 10-3 gm. per period and
showed efficiency indices as widely separated as 4-8 and 30-8 from June to
September (Table 23). It is interesting to note that growth, appetite,
and efficiency were all maxima during the period ending July 21st. B3
showed maximum growth and efficiency (5-9 gm. ; index 5-4) during the
period ending June 23rd (Table 24). B5 was the most promising fish in
the experiments until September 5th when it was lost. From Table 25
it will be seen that the periodic increases in length and weight were con-
sistently great, maxima at 1-0 cm. and 11-0 gm. respectively, and that
for the whole experiment the efficiency indices lay between the limits
5'5 and 9-2. B4 also showed high efficiency, the index remaining between
such narrow limits as 5:1-57 for three consecutive periods (Table 26).
B6 was the least efficient of the Cawsand fish, the maximum being repre-
sented by the index 6-0 (Table 27).

The results of the experiments with females thus confirm completely
the conclusions mentioned above regarding the variation in rate of growth,
in appetite and in efficiency from pericd to period during the growth
season, The results show also that the maximum values of these three
sets of growth characteristics may or may not coincide in time. The
greatest efficiencies shown by the females read as follows: 4-7 (Bl), 4-8
(B2), 51 (B4), 5-4 (B3), 5-5 (B5), and 6-0 (B6), so that the females are
slightly inferior to the males in this respect, the efficiencies of these latter
reading 4-2 (D1 and D3), 43 (D2), 4-4 (D4), 6-5 (D5), and 7-1 (D6). That
such efficiency is not sustained will readily be seen by examination of the
tables mentioned above,

The growth curves of weight for the females (Fig. 3) are seen to compare
fairly closely with those shown in Fig. 2 for the males. The slopes of
the curves are much less steep than those of the curves for Bl and B4
(1929) as shown in Fig. 7 of my previous paper (p. 125).

Turning now to the results of the experiments with M fish (maximum-
fed fish housed in boxes with 4” mesh windows), we see in Table 28, where
these results are summarised, that growth has proceeded at much the
same rate as in the case of the D and B fishes, excepting M1, which sur-
passed the rest in performance and succeeded in tripling its initial weight,
M2, M3, and M4 failing to achieve this result. The quantities of food
taken by this fish greatly exceeded those taken by the D and B fish, but
efficiency was not as high. These values, however, are affected by certain
incidents to be mentioned below, where it 1s shown that these results do
not have the same degree of accuracy that the other results have.

During the preliminary experiments of 1928, fish supplied with inter-
mediate rations appeared to show a greater efficiency in utilising food for
purposes of growth than fully-feeding fish. But intermediate-fed fish
invariably take the whole of the ration supplied to them whereas in the
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case of maximum-fed fish there is a distinct possibility of food remaining
over from a meal. If during 1928, small quantities of food remained in the
boxes containing the latter fish and were washed out of the boxes by
ebbing or running tides, then the observed efficiency of the maximum-
fed fish would be lower than the true efficiency. By comparison, the
efficiencies of intermediate-fed fish would appear higher. During the
earliest experiments there was no sign of appreciable quantities of food
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Fie. 3.—Growth curves of weight for the female plaice B1-B6 (Cawsand, 1930).

left over from meals. That fact in itself is strange, since later experiments
have shown conclusively that in fish as in other animals, appetite is by
no means constant. Thousands of observations made since 1928 have
proved this point. Hence it was considered essential to apply a series
of tests in order to ascertain the possibility of food having been swept
out of the boxes during the earliest experiments. The matter concerns
not only food loss but also efficiency of maximum-fed fish, and more
importantly of intermediate-fed fish.

To test this possibility of food leakage, Miss Thursby Pelham was asked
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to place into the boxes containing M fish quantities of food greatly in
excess of the normal ration for such fish and to weigh back the quantities
remaining on the next day. This was done during the period ending
July 7th and by myself during that ending July 21st. More than this,
the wire-netting windows were dlternately cleared of epifauna and epi-
flora (as they were regularly during 1928) and allowed to foul (which may
happen in one to a few days).

That the data from these tests were conclusive is seen in the single case
of M1. During the last seven days of the period ending June 23rd, this
fish was taking a ration of less than 6-0 gm. per day when the box windows
were slightly fouled. During the period ending July 7th, it was supplied
with 15:0 gm. of food on each of eight days, when the windows were
cleared, and no food was found to remain. In some of the tests when this
quantity of food was presented, varying quantities were left over, but the
essential point is that on many days, often consecutively, no food remained
although much more than a normal ration had been presented and
despite the fact that sea conditions were calm. In the tests I applied
myself this was similarly the case. Consequently, henceforth I used my

~own judgment as to the constitution of maximum rations and for the rest
of the experiment provided what was considered to be an adequate but
not overadequate ration, thus ensuring that loss should be minimal if and
when it did occur. This applies only to the M fish of course.

In view of the above-mentioned facts it appears reasonably certain
that during 1928 there was some loss of food, yet it must be emphasised
that the quantities supplied during this year were not unduly large.
Moreover, the fish were active and showed a rapid growth-rate. They
took food avidly and it is likely that the losses were small. But loss
undoubtedly must have occurred. Hence the suggestion of increased
efficiency on the part of intermediate-fed fish is open to doubt, or at
least objection. This question, however, has been set quite independ-
ently during 1930 and data of greater reliability have been forthcoming.
These will be presented when the results of the experiments with M fish
have been described.

Data concerning the M males are shown in Tables 29 and 30 and growth-
curves of weight are presented in Figure 4. M1 wasthe mostrapidly growing
fish in the experiments, but, like other fish, it showed great variation in
rate from one fortnightly period to another. Periods of rapid growth-
rate, July Tth, 10-3 gm. ; August 21st, 11-0 gm. ; October 6th, 12-6 gm.,
and November 6th, 15-7 gm., alternated with periods of slow rate, June
23rd, 09 gm. ; July 21st, 4-0 gm., and October 23rd, —0-2 gm., growth
in length paralleling growth in weight (Table 29). Food rations were much
more regular than weight increases, so that efficiency must have varied
widely from time to time. Similar general results hold good for the male
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M2, which, however, showed increasing degrees of growth, appetite and
efficiency as the experiment proceeded (Table 30).
The results for the females M3 and M4 are very similar to those for the
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Fic. 4.—Growth curves of weight for the male plaice M1 and M2 and for the
female plaice M3 and M4 (Cawsand, 1930)

males. Considerable differences are shown in the degree of girowth,
appetite, and efficiency occurring during different periods. These results
are shown in detail in Tables 31 and 32.

It is evident from the foregoing description that the M fish do not dis-
play a rate of growth markedly different from that of the D and B fish, so
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that we are able to assert that the conditions of life in the boxes containing
the former fish are not markedly superior to those containing the latter,
which are the modified boxes with reduced windows of minimum-sized
mesh. In maximum-fed fish generally, the growth-rate during 1930 was
slower than during 1929, no matter whether we consider the experiments
with D and B fish, or those with M fish of the latter year. This was
doubtless due to factors other than those arising out of the methods of
experimenting and the type of accommodation afforded the fish.

3. GROWTH AND INTERMEDIATE F00D SUPPLIES.

The results of the experiments with M fish indicate the necessity for
looking beyond the experiments of 1928 for a satisfactory answer to the
question as to whether intermediate-fed fish utilise food more efficiently
than do maximum-fed fish. Fortunately, this question was investigated
as a separate concern during 1930. Two fish of each sex were kept segre-
gated in one of the modified boxes and were supplied with rations inter-
mediate in quantity between maintenance and maximum rations, and
roughly twice the value of the former. Apart from the size of rations,
these fishes were treated in exactly the same manner as maximum-fed
fish and lived under similar conditions, so that it is perfectly legitimate
to compare the rate of growth and degree of efficiency with the corre-
sponding characteristics in the case of D and B fish. In the description
which is to follow, these fish will be referred to as I fish, I1 and I2 being
males, I3 and T4 females.

The summarised results of these experiments are shown in Table 33,
where it is seen that for periods of 141-178 days, an average daily ration
of not more than 1-5 gm. was provided. In the cases of the D and B fish
as much as 3-5 gm. per day was taken. It is seen also that for the whole
range of the experiments the I fish showed an unmistakably higher degree
of efficiency than was shown by the D and B fish. No fish of the latter
categories approached an efficiency such as is indicated by the indices
6-8, 6-3, and 5-9 for I1, I3, and I4 respectively. I2 showed relatively
high efficiency (index 10-5), which was surpassed, however, by that of
D4, B3, and B5 (indices 9-1, 97, and 8-5 respectively).

The detailed results of the experiments are presented in Tables 34-37.
In the first of these, it is seen that T1 showed consistently high efficiency
from June 13th to October 6th, the greatest index during this period of
98 days being 8:6, while during each of four periods the index was less than
5:0. By way of contrast it might be pointed out that during the whole
series of experiments with six D fish, the index of efficiency was smaller
than 50 during a total of only four periods. Il also showed a rapid
growth-rate, and almost doubled its initial weight of 33-7 gm. over a
period of 146 days. 12, the remaining male, was not a particularly
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efficiently growing fish, but it showed an efficiency index smaller than
9-0 on four occasions, neglecting the index for the period ending June 23rd.
This last index is extraordinarily small and perhaps of doubtful accuracy,
there being the possibility of weighing error during the previous period,
although length records suggest that this view is not fully justified
(Table 35). Fusing the two periods between May 26th and June 23rd
ylelds an index of 5-4 for the month, showing that in any case this fish
showed a very high degree of efficiency about this time.
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the female plaice 13 and I4, fish supplied with intermediate rations
{Cawsand, 1930).

Turning to the females we find in I3 a most surprisingly eflicient fish.
In Table 36 it is seen that during one period only 3-8 gm. of food were
required to produce 1-0 gm. increase in weight (July 21st). During
three other periods, the efficiency index was smaller than 5:0 and during
three others it was less than 6:0. It is readily seen to be far more efficient
than any one of the B fish. During 176 days the initial weight of this
fish was almost tripled (Tables 33 and 36). 14 showed more variable
efficiency, which however was generally distinctly high. Table 37 shows
that the efficiency index was 3-1 during one period, 45 or smaller during
three others, and the largest index for the whole experiment was 10-8.
This fish easily doubled its initial weight over a period of 141 days
(Table 33).
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Examination of the data of these experiments on intermediate feeding
shows that whether we consider efficiency over periods of 141-178 days
or for much shorter periods, there is considerable justification for the
conclusion that male and female plaice alike make relatively much more
efficient use of food for purposes of growth when supplied with rations
intermediate between their maintenance requirements and maximum

~demands and roughly twice the value of the former than when maximum
quantities of food are supplied to them. Among such intermediate-fed
fish, not only are efficiency indices of 4-0-5-0 more common, but there is
also less variation in efficiency, the larger figures met with among the
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Fic. 6.—Graph of maximum and minimum temperatures at Cawsand, 1930,

indices for maximum-fed fish being absent. In the case of the four plaice
we have considered, only during 12 periods out of a total of 40 was the
efficiency index greater than 10-0, which fact in itself is much more than
merely a suggestion of consistently high efficiency. The growth curves
of weight for these fishes are presented in Figure 5.

Figure 6 shows graphically the temperature range at Cawsand during
1930, minimum and maximum temperatures being plotted against time.

4. ConcrusioNs DRAwN FroM THE EXPERIMENTS OF 1930
(CAwsAND).

(1) A male plaice 13-1 em. in length and 21-5 gm. in weight was able to
maintain its weight to within 0-7 gm. of constancy over a period of
144 days from May 14th, 1930, on an average daily ration of 0-46 gm.
of Mytilus flesh, which gives a maintenance ratio, i.e. the ratio food
consumed per day/mid-body weight, of 0-022. These values would
hold good for a fish just commencing its third season of growth.
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(2) Increasingly large fish require larger daily rations for purposes of

maintenance, but increase in size of these rations is not directly
proportional to increase in body-weight. Experiments with a
graded series of fish of various sizes characterising the third season
of growth show that the maintenance ratio decreases with increase
in size of fish. Thus, passing to the upper limit of the series, a male
plaice 23:0 c¢m. in length and 115-0 gm. in weight was able to
maintain its weight to within 4-0 gm. of constancy over a period of
147 days from June 12th, 1930, on an average daily ration of 1-42 gm.

“of similar food, thus showing a maintenance ratio of 0-012. These

values would hold good for a male fish just ending its third season of
growth.

(3) The values given above vary from one fortnightly period to another

throughout the year, but it is suggested that a reasonably accurate
estimate of the increasing maintenance requirements of a freely-
growing, two-year-old male plaice would be afforded by accepting
the averages for long periods such as the above, excluding the winter
months of low temperatures. Thus the maintenance requirements
of such a fish would vary between 0-46 gm. and 1-42 gm. of Mytilus
flesh per day, the maintenance ratio decreasing from 0-022 to 0-012,
approximately. Intermediate values are presented in the text and,
graphically, in Figure 1.

(4) A female plaice 12-2 em. in length and 17-3 gm. in weight was able

—_—

to maintain its weight to within 4-7 gm. of constancy over a period
of 143 days from June 16th, 1930, on an average daily ration of
0-43 gm. of similar food, thus showing a maintenance ratio of 0-022.
Thus the maintenance requirements of male and female plaice just
commencing the third season of growth appear to be almost if not
quite identical.

Among females, as among males, the maintenance ratio decreases
with increase in size of fish. Thus, passing to the upper limit of a
graded series of fish chosen to represent stages in the third season
of growth, a female plaice, 24-5 c¢m. in length and 132-0 gm. in
weight, was able to maintain its weight to within 4-9 gm. of con-
stancy over a period of 178 days from May 12th, 1930, on an
average daily ration of 1-24 gm. This value would hold good,
approximately, for a fish just ending its third year of growth.

(6) From (4) and (5) it may reasonably be assumed that the main-

tenance requirements of a freely-growing female plaice would
vary, during the third season of growth, between approximately
0-43 gm. and 1-24 gm. of Mytilus flesh per day, if growth were as
unrestricted as for example at Cawsand during 1928. The main-



(7

—

©)

GROWTH AND MAINTENANCE IN PLAICE. 895

tenance ratio would vary between 0-022 and 0-009 approximately,
steadily falling to the latter value. Intermediate values are pre-
sented in the text and, graphically, in Figure 1.

Growth of maximum-feeding plaice at Cawsand was poor during
1930 and the rate of growth was much more irregular than it was
during 1929. But the results of the experiments with such fish
lend support to the conclusions put forward earlier, that growth and
efficiency (as indicated by the quantity of food required to produce
1:0 gm. increase in fish weight) vary very considerably in both
males and females, from one fortnight to another throughout the
growth season. During certain fortnightly periods, but rarely, such
high efficiency as is shown by the indices 4-7 (B1), 4-8 (B2), 4-2
(D1 and D3), 43 (D2), and 4+4 (D4) was indicated, but during many
periods the efficiency shown was very much lower. Thus among
males, during 30 periods out of a total of 52, more than 10-0 gm.
of food was required to bring about an increase in weight of 1-0 gm.,
and during 13 of these, more than 15-0 gm. was required. Among
females more than 10-0 gm. was required during 26 periods out of a
total of 54 ; during 18 of these, more than 15-0 gm. was required.

It has been shown that during the experiments of 1928, there was
possibly some leakage of food materials through the coarse mesh-
work of the box windows, and it is concluded that the efficiency of
maximum-feeding fish was higher during this year than the
experimental results indicate. This finding also affects the con-
clusion previously ventured that intermediate-feeding fish show
a greater efficiency in the utilisation of food for purposes of growth
than maximom-feeding fish. But this matter was investigated
independently during 1930, the conclusions formed being shown
below (9).

Evidences have been presented which support the conclusion that
male and female plaice alike, when supplied with rations inter-
mediate in value between maintenance and maximum rations and
about twice the value of the former, utilise food more efficiently
for purposes of growth than fish which receive maximum rations.
For periods of 141-176 days, the efficiency indices of three fish fed
in this way were 6-8 (I1, 3), 6-3 (I3, 9), and 5-9 (I4, 9). No maximum
feeding plaice show such consistently high efficiency as this, the
smallest indices for a corresponding period during 1930 in the case
of such fish were 9-1 (D4, 3) and 85 (B35, 2). Moreover, indices,
for fortnightly periods, of less than 5-0 were much more common
among intermediate-feeding fish, 13 out of a possible total of 40 as
against 7 out of a possible 106 for maximum-feeding fish. Similarly
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for indices less than 10-0, 28 out of a possible 40 as against 48 out
of a possible 106. Stated slightly differently, intermediate-feeding
plaice required more than 10-0 gm. of food for the production of
1:0 gm. of fish doing only 12 periods out of 40, maximum-feeding
plaice during 58 periods out of 106. In the light of this evidence the
conclusion of consistently higher efficiency seems perfectly justified.

‘II. RESULTS OF THE LYMPSTONE EXPERIMENTS OF 1930.

1. EXPERIMENTS OF JANUARY TO APRIL.

These experiments were really a direct continuation of the experiments
of 1929, and thanks are due to Mr. Lees for facing the unpleasantness of
winter in continuing the routine observations. Asa glance at my previous
paper will show, the experiments of 1929 concerned four maintained fish
of each sex and four fully-growing fish of each sex. Of these, two of each
sex in each group were retained for the work to be described presently,
namely, L1 and L4 (3), and L5 and L7 (@) of the maintained groups,
L10 and L12 (3) and L13 and L15 (9) of the freely-growing groups. All
these fish were supplied with maintenance rations until summer feeding
commenced, when the four latter fish were supplied with full rations. But
as long as they declined food, only very small rations were offered so as to
reduce the possibility of error, these rations being steadily increased
according to appetite as soon as the fish showed signs of taking food
readily. The results of these experiments will be described as briefly as
possible, but they may be readily grasped by reference to the tables cited.

Maintenance requirements will be indicated by noting rations which
result in loss of weight or allow of increase in weight and by considering
that these quantities mark the experimental limits of maintenance.

Llw (init. Ith. 17-6 cm.; init. wt. 52-8 gm.) during January and
February required 0-44-0-61 gm. of food per day for maintenance
(Table 38), the maintenance ratio corresponding to these figures being
0-009-0-012. During later months the value of the ratio rose to 0-014—
0-015. Ldw (init. Ith. 21-1 cm.; init. wt. 78-8 gm.) during the first
42 days required a daily ration of 0-77-0-78 gm., the maintenance
ratio being 0-010. During the latter part of the experiment these quantities
had risen to 1:10 gm. and 0-014 (Table 39). The female L5w (init. Ith.
189 cm.; init. wt. 69-8 gm.) took rather more food than was re-
quired for pure maintenance and consequently it is more difficult to fix
maintenance requirements. But during the early stages of the experiment
0-43-0-64 gm. seemed to be the daily ration required, giving a ratio of
0-006-0:009 (Table 40). L7w (init. Ith. 22-7 cm.; init. wt. 103-4 gm.)
took rather less food than it needed for maintenance and declined
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in weight. During the colder months the maintenance requirements
were 0-64-0-96 gm. of food daily, which gives a ratio of 0-006-0-009
(Table 41).

In Table 42, the above results are summarised for the whole period of
112 days and included in the table are data from my previous paper
showing the maintenance requirements of the same fishes during 1929
to November 25th, so that the decrease in value of the maintenance
rations can readily be seen. In the first example, that of L1, the daily
ration required for purposes of maintenance fell from 0-90 gm. to 0-58 gm.
during the colder months, the maintenance ratio from 0-017-0-011.
Other examples will be found in the table.

The plaice which had been maximum-feeding and freely-growing
previously, ceased to feed during early November, as is shown in my
previous paper, and immediately commenced to lose weight. Having
ceased to take maximum rations, these fish characteristically refused even
mere maintenance rations. Thus during 56 days from January 6th, it is
doubtful if L10w-L15w took food at all (Table 43). On the other hand,
minimum-feeding fish continued to take food throughout the colder
months, during 56 days from January 6th, the average daily rations
taken by L1w-L7w ranging from 0-61-0-91 gm. (Table 43). It is interest-
ing to note also that the losses in weight shown by these non-feeding fishes
were not very much greater than those of imperfectly maintained fish
(see table). This is the most striking feature of the winter experiments.

The data of the experiments with previously maximum-feeding fish
are presented in Tables 44-47. In all cases, it will be seen, feeding has
been resumed completely before the end of March. In every case, little
more than a maintenance ration was taken daily from February 17th to
March 3rd. During the next fortnight the daily ration accepted increased
until by March 17th the fish were almost fully-feeding. These findings
present no new knowledge, but they do tend to show that the experi-
mental fish behaved in very much the same way as do fish living under
natural conditions, which speaks well for the experimental conditions.

When feeding was resumed, the fish at once showed increases in weight
and corresponding to these, remarkably high degrees of efficiency, especi-
ally during the first fortnight of partially-resumed feeding. [Note : the
efficiency index of L15 (Table 47) is misleading, since weight increases
are undoubtedly due to ripening of the gonads.]

2. MiNniMmuM REQUIREMENTS AND MAINTENANCE.

The results of the experiments on maintenance in male plaice are shown
in Tables 4851, the fish being referred to as L1-L4 respectively. These
fish were much larger than the corresponding ones at Cawsand and their
maintenance requirements would appear to be those of a fully-growing
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plaice at about the middle of its third season, in the larger ones towards
the end of this season.

The maintenance requirements of L1 (init. Ith. 17-9 em.; init.
wt. 62-2 gm.) lay between 0-71 gm. and 0-98 gm. of food per day from
one fortnightly period to another, giving a maintenance ratio of 0-012-
0-017 (Table 48). For the whole experiment (182 days) an average daily
ration of 0-86 gm. was slightly too small to maintain the weight constant,
the corresponding ratio, 0-015, being slightly low (Table 52). For L2
(init. Ith. 200 em.; init. wt. 65:0 gm.) the daily maintenance ration
lay between 0-83 gm. and 1-14 gm., the ratio between 0-012 and
0-019 (Table 49). Over a period of 182 days an average daily ration of
1-03 gm. allowed of a slight increase in weight, so that the ratio 0-015 is a
trifle high (Table 52). L3 (init. Ith. 215 em. ; init. wt. 90-3 gm.) con-
sistently lost weight to a great extent although the average daily
ration taken over a period of 182 days was 1-09 gm., the maintenance
ratio 0-013, both of which figures are high by comparison with those for
C5 (ecp. Tables 50 and 5). Lda (init, lth. 185 cm. ; init. wt. 65-5 gm.)
required 0-82 gm. of food per day for maintenance, the correspond-
ing ratio being 0-013 (Table 51, July Tth and 21Ist). L4b (init. Ith.
24-4 em. ; init. wt. 149-6 gm.) was undoubtedly a three-year-old fish.
It required a daily ration of 0-87 gm. for maintenance during the
fortnight ending November 10th, a very low value indeed, giving a ratio
of 0-006 (Table 51). These results are summarised to November 10th in
Table 52, where it is seen that the requirements of L1 alone compare
closely with those of Cawsand males (Table 7).

Data concerning the experiments with the females L5-L8 are shown in
Tables 53-56. L5 (init. 1th. 14-7 em.; init. wt. 28:9 gm.) showed
exceptionally high maintenance requirements (0-80-0-82 gm. per day)
(Table 53). Over a period of 182 days an average daily ration of
0-78 gm, was required to maintain the weight constant, the maintenance
ratio being as great as 0-027 (Table 57). The data for the remaining
females are not of particular interest, and examination of the tables cited
will show that the Lympstone results are far less satisfactory and useful
than the results of the corresponding experiments at Cawsand. In fact,
this statement might be extended to the Lympstone results in general as
regards the maintenance experiments. The variations in quantity of the
maintenance requirements of the Lympstone plaice are exceptionally
wide and the results when examined closely are decidedly discordant.
Losses in weight of rather serious proportions were more common than at
Cawsand and these detract from the value of the results. Yet it must be
remembered that it is not invariably as easy as one might assume to main-
tain the weights of segregated fish constant since they often decline to
take food.



GROWTH AND MAINTENANCE IN PLAICE. 899

3. MaxmmuMm REQUIREMENTS AND GROWTH.

Summarised data derived from the results of the Lympstone experi-
ments with maximum-feeding plaice are presented in Table 58. The fish,
it will be noticed, are generally much larger than those used at Cawsand
and most of them are, in all probability, three and not two years old at the
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Fia. 7.—Growth curves of weight for the male plaice L9-L12 (Lympstone, 1930).

outset. Such data should provide a useful supplement to those of Caw-
sand. Unfortunately, in all cases save two the continuity of the experi-
ments was broken, and it was necessary to employ two fishes instead of

a single one. The growth-curves of weight for these fishes are shown in
Fig. 7.
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It is scen from Table 58 that the growth rates of certain fishes were
abnormally slow, e.g. those of L9b, L10a, and Llla. In these cases the
efficiency indices were tremendously high, 45-4, 186-1, and 26-6 for periods
of 84 or more days. Certain females also showed high indices, e.g. L13
(20-0) and L15 (22-4). A glance at these results shows conclusively that
tremendous variation occurred in growth-rate and in efficiency in different
individuals. Asat Cawsand, the growth-rate was much slower than during
1929. Not a single fish rivalled the performances of L11, L15, and L16
of that year, which fish showed weight increeses for a period of 154 days
of 157-4, 1407, and 175-0 gm. respectively (see Table 41 of my previous
paper). This statement might alsc be applied to efficiency, with slight
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F16. 9.—Graph of maximum and minimum temperatures at Lympstone, 1930.

reservation, since the fish mentioned showed indices of 7-1, 8-1, and 8-5.
During 1930, L10b and L11b among males showed indices of 9-6 and 6-5
for periods of 98 and 42 days respectivly, L16a and b indices of 8-8 and
9-4 for periods of 42 and 126 days respectively, but no other fish showed
such high efficiency as this over long periods (Table 58).

L10b showed a rapid growth-rate from one fortnightly period to another,
with inerements of 104, 7-7, 10-2, and 11-4 gm. and corresponding
efficiency indices of 5-7, 87, 8:0, and 8:5 (Table 60). But it had not
doubled its initial weight at the end of 112 days. L11b showed the remark-
able fortnightly weight increases of 16-8 and 21-6 gm., with such high
efficiency as indices of 4-4 and 4-8 indicate, yet this phenomenal growth-
rate rapidly declined and during the next period only 2-3 gm. was added
to the weight of the fish at a cost of 38-5 gm. of food per 1-0 gm. increase.
These examples illustrate the slow rate of growth, variation in efficiency
and irregularity of growth characterising the results of the Lympstone
experiments with males. Other examples may be found readily in
Tables 59-62. And these generalisations may well be applied to the
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females also, where great variation occurs as characteristically as among
males. The results for the females are shown in Tables 63-66, where details
may be inspected readily. The growth-curves of weight for these females
are presented in Figure 8.

Figure 9 shows graphically the maximum and minimum temperatures
recorded for weekly periods from January 6th to December 6th, 1930, the
data employed having been kindly sent to me by Mr. H. Lees.

4. CoxcLusions DRAWN FROM THE EXPERIMENTS oF 1930
(LyMPSTONE).

(1) The results of the experiments of January to April indicate the fall

(3)

in value of the maintenance requirements of both male and female
plaice during the coldest months of the year. By comparing these
results with those obtained for the same fishes during 1929, we see
that in the case of a male fish approximately 50 gm. in weight
(e.g. L1) the average ration required daily for maintenance falls
from 0-9 gm. to 0-6 gm., i.e. by about one-third of its former value.
The maintenance ratio diminishes from 0-017 to 0-011. In the case
of a female approximately 100 gm. in weight, the daily ration falls
from 1-3 gm. to 0-7 gm., the maintenance ratio from 0-013 to 0-007.
The degree of reduction of these quantities varies considerably in
different fish, but the results warrant the conclusion that during
the colder months of the year, a plaice requires for purposes of
maintenance only a fraction (3 to §) of the daily ration which is
required to maintain the weight constant during warmer months.

These early experiments also serve to show that maximum-fed
plaice of one summer refuse even mere maintenance rations during
the following winter months, whereas previously minimum-fed
fish continue to take maintenance rations. Moreover, the former
fish appear to require much smaller quantities of food for purposes
of maintenance during the winter than do the latter fish.

It is shown that at Lympstone, maximum feeding was completely
resumed before the end of March and that it was attained in little
more than a fortnight. Growth commenced at once and strikingly
high efficiency was shown during the first few weeks.

At Lympstone during the summer of 1930, maintenance require-
ments were in some cases much higher than at Cawsand, which
might be expected in view of the fact that water temperatures
were higher. The results of maintenance experiments are incon-
sistent in their variability, however, although they tend to support
the Cawsand results in showing the order of the fall in value of the
maintenance ratio with increase in size of fish.
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(5) The growth-rate of maximum-feeding fish at Lympstone, as at
Cawsand, was slow and the efficiency correspondingly low. These
results similarly show the tremendous variation in rate of growth,
and efficiency from one fortnightly period to another in the case of
all fishes and from one fish to another at the same time. High
efficiencies, e.g. 4-4 and 4-8 for L11b; 45 and 6-8 for L13, were
shown from time to time, but rarely. Lower efficiencies were
common, and among both males and females for at least one half
the total number of fortnightly periods, more than 15-0 gm. of food
was required to produce 1-0 gm. increase in weight of the fish.
Among males the efficiency index was less than 10-0 during only
10 periods out of a total of 52, among females during only 18 periods.
out of a total of 54, clearly very low degrees of efficiency.

ITI. GENERAL DISCUSSION OF RESULTS.

The experiments on maintenance in the plaice, which have extended
over three years, have on the whole rendered fairly uniform and very
conclusive results. We may lay claim to a considerable body of facts,
which shows with some precision the order of the maintenance require-
ments of a two years’ old plaice, not only at the commencement of, but also
during and towards the end of the third season of growth. The results.
of these experiments directly apply to different fish of various sizes, but
by a process of analogy, to which objection can scarcely be raised, they
can be applied to the same fish at different times during the growth season
with which we are concerned. Thus we arrive at an approximate evalua-
tion of the maintenance requirements of fully-feeding, freely-growing
plaice, using methods which are more in keeping with growth experiments.
than others which might have been selected, e.g. determination of main-
tenance requirements by study of respiratory exchanges. Data are avail-
able also to show how maintenance requirements diminish during the
months when water temperatures are lowest, when plaice which have been
fully-feeding have ceased to take food to any considerable extent and con--
sequently have ceased to grow.

In a previous paper (Journ. Mar. Biol. Soc., Vol. XVIL, No. 1, Sept.
1930, pp. 103-174) it was shown that the maintenance requirements of a.
44 gm. male plaice are satisfied when an average daily ration of 0-6-0-7 gm.
of Mytilus flesh is injested, but reasons were given for supposing that this
ration value is low and that a more accurate value would be 0-7-0-8 gm.,
or 0-018 of the body weight (=maintenance ratio). During 1929, this
statement was substantiated, for it was found that a 42 gm. male fish,
C6a, maintained its weight constant over a period of 131 days when it
took an average daily ration of 0-7 gm., which yields a maintenance ratio.
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of 0-017. It was shown further that C5a, a 30-gm. male, required a daily
ration of 0-6 gm. for purposes of maintenance (ratio=0-019) and that the
mean C fish, 17-6 gm. in weight, required 0-4 gm. per day (ratio—0-024).
This was the closest approach that could be made to a determination of
the increase in value of maintenance requirements with increase in size of
the fish when the results of the Cawsand experiments of 1929 alone were
employed. But it was seen that the increase in value of these requirements
is not directly proportional to the increase in size, the maintenance ratio
decreasing in value. By combining these results with the Lympstone
results of the same year, it was possible to proceed a little way further.
The male L1, a 52-gm. fish, required a daily ration of 0-9 gm. (maintenance
ratio=0-017), while L2, a 130-gm. male, required 1-4 gm. per day (ratio=
0-011). Indicating that objections might be raised to a combination of
the two sets of results, the conclusion was nevertheless put forward that
an increase in weight from 18 gm. to 130 gm. among male plaice entailed
an increase in the daily ration required for maintenance from 0-4 gm. to
1-4 gm., which implies a decrease in the value of the maintenance ratio
from 0-024 towards 0-011.

It is obviously both important and interesting to observe how far the
results of 1930 conform to or depart from the conclusions ventured.
Fortunately, at Cawsand during 1930, a far greater measure of success
was met with in the experimental determination of maintenance require-
ments than had been met with during the previous two years, due to the
arrangement of a graded series of individuals of various sizes representing
stages passed through by a plaice during its third season of growth. And
the results of this last year both strengthen and broaden the conelusions
previously formed. Inthe text of this paper it has been shown that during
1930, the maintenance requirements of a male plaice 21-5 gm. in weight
were approximately 0-46 gm. of Mytilus flesh daily, those of a similar
fish 115-0 gm. in weight approximately 1-42 gm. of such food per day.
The maintenance ratios corresponding to these quantities are 0-022 and
0-011. The close conformity between these results and those of the pre-
vious year is clearly seen and is also noteworthy.

It was suggested further, that the size difference indicated above is a
close measure of the difference shown by a two-year-old plaice at the com-
mencement of and towards the end of its third season of growth. We have
thus reached the point at which it is possible to conclude, and with much
faith in the accuracy of the conclusion, that about the commencement
of the third season of growth a male plaice requires approximately
0-022 body-weight, or the first 0-4 gm. of its daily ration, to satisfy basal
requirements and maintain its weight constant, and that towards the
end of this season 0-011 body-weight, or the first 1-4 gm. of the daily
ration for this purpose. The food is understood to be Mytilus flesh. The
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variation in basal need with increase in size is presumably a steady one,
so that it is possible to infer, with some experimental evidence to support
the inference, that the maintenance ratio is a variable quantity which,
during the season with which we are concerned, ranges from 0-022 towards
0-011. Thisis shown graphically from experimental results in Figure 1 (3).

For females, corresponding success was met with during the final
years’ work, the results substantiating and amplifying the conclusions
previously ventured. In my previous paper it is seen that at Cawsand
during 1929 a female 22 gm. in weight required 0-4 gm. of food per
day for maintenance, a similar fish 42 gm. in weight required 0-6 gm.,
or expressed in the form of maintenance ratios 0-019 and 0-015 of the body-
weight respectively. A Lympstone female 103 gm. in weight required
1-3 gm. per day or 0-013 body-weight. The results of 1930 correspond
more closely with those presented above for males. A female 17-3 gm. in
weight required 0-43 gm. of food per day, a similar fish of 132-0 gm.
required 1-24 gm. per day, the corresponding ratios being 0-022 and 0-009.
The latter value appears to be subnormal in that the female A3, 101-5 gm.
in weight, required 1-21 per day, yielding a maintenance ratio of 0-012,
and it is distinctly possible that the maintenance requirements of females
parallel those of males. It is unlikely that serious error would arise if
the maintenance ratio of a female 130 gm. in weight was taken as being
0-011. InFigure 1 the results of these experiments are shown graphically
for females as well as for males. These results can be extended in the way
indicated above for fully-growing males.

The growth-rate shown at Cawsand during 1928 was rapid, the mean
male increasing its initial weight of 38-8 gm. by 86:0 gm., the mean
female increasing its initial weight of 43-3 gm. by 107-9 gm. during a
period of 176 days. But the efficiency of these fish, as measured by the
quantity of food required to produce an increase of 1-0 gm. in weight,
was low, the mean male requiring 12-7 gm. and the mean female 10-5 gm.
In the present paper it has been shown that during these preliminary
experiments it is likely that there was a slight leakage of food materials
through the coarse mesh of the box windows during the ebb and flow of
tides. 1f this was the case, the efficiency indices shown are slightly greater
than the true values. When the conditions and apparatus were refined,
the efficiency shown was much higher, i.e. the indices were smaller. Thus
during 1929 the average efficiency of D3, the most rapidly-growing male,
for a period of 175 days was represented by the index 6-5, the average
efficiencies of Bl and B4, the most rapidly-growing females, by the indices
7-6 and 7-2 respectively, over a corresponding period. Moreover, examina-
tion of the data for fortnightly periods showed that among Cawsand
males, the efficiency was so high during certain periods as to yield an index
of 4-8 and among the corresponding females an index of 52 was shown.
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At Lympstone the efficiencies over long periods were lower, that of the
male L11 being 7-1, those of the females L15, and L16 being 81 and 85
respectively. As at Cawsand, and to an even greater extent, higher
efficiencies were shown during certain fortnightly periods, and generally
there was much more variation in efficiency from period to period than at
Cawsand.

At Cawsand during 1930, the highest efficiency over long periods was
shown by the male D4, with an index of 9-1 for 116 days and the females
B3 and Bb, with indices of 9-7 and 8-5 for 165 and 87 days respectively.
1f these values are compared with those given for D3, B1, and B4 of 1929
above, 1t is seen that they are slightly greater, i.e. the efficiencies during
1930 were slightly lower. But the efficiencies shown during 1930 were
higher than those shown during 1928, and we can safely infer, on the
evidences of the results of two consecutive years, that the maximum
average efficiency for periods approaching whole growth seasons in extent
lies between efficiencies corresponding to the indices 6-5 and 9-1 for males,
and 7-2 and 8-5 for females. In view of the fact that the higher efficiencies
went side by side with more rapid, and perhaps more nearly typical,
growth-rates, it would probably be safe to infer that they are more
accurate from the viewpoint of normality.

Growth proceeded at a rapid rate at Cawsand during 1928, as is men-
tioned above. Such rapid rates and degrees of growth have not been
shown since 1928, either at Cawsand or at Lympstone. This applies with
additional force if we consider individual performances at Cawsand during
the first year, when the male C3 increased its weight from 36:0 gm. to
1580 gm., and the female D5 from 50-0 gm. to 203-0 gm., both perform-
ances taking 176 days. Such weight increase has not been equalled
although the percentage growth has been exceeded. As has been shown,
the above plaice increased their initial weights by over 300 per cent,
while the later experiments yielded smaller actual weight increases but
higher percentages of growth. Thus the Cawsand male D3 of 1929
increased in weight from 15-5 gm. to 105-0 gm., the corresponding females
B1 and B4 from 24:0 gm. to 105-5 gm. and from 18-5 gm. to 103-5 gm.
respectively, during 175 days, percentage increases of 580, 340, and 460
respectively. Actual weight increase is our chief concern however. It 1s
obvious that any figures for percentage growth call for uniform initial
weights and periods. The experiments of 1929 were started earlier than
those of 1928, and with smaller fish. This fact causes percentage growth
of 1929 to appear greater than that of 1928 despite the actually smaller
weight increases. At Lympstone during 1929, slightly larger fish were
used and, over a period of 154 days, the male L11 increased in weight
from 23-2 gm. to 157-4 gm., the females L15 and L16 from 31-9 gm. to
140-7 gm. and from 50-5 gm. to 175-0 gm. respectively. Only L1 equalled



GROWTH AND MAINTENANCE IN PLAICE. 907

the performance of the Cawsand (1929) male C3 as regards actual weight
increase.

For some reason which remains unknown, the rate of growth shown at
both Cawsand and Lympstone during 1930 was much slower than that
shown during 1929, degrees of growth being smaller also. The most
actively-growing male, D1, increased in weight merely from 35-8 gm. to
77-1 gm. during 162 days, the most actively-growing female, B5, from
34-5 gm. to 82-5 gm. during 87 days. At Lympstone, L10b showed weight
increase from 73-9 gm. to 127-7 gm. during 98 days, the female L16b, a
three years’ old fish presumably, from 1049 gm. to 192-8 gm. during 126
days. These fishes were the most actively-growing individuals at Lymp-
stone.

From the point of view of typical growth then, the results of 1930 are
of much less value than those of the previous year. The experiments of
1929 are of most use in this respect, since they were commenced earlier
in the year. But perhaps the best indication of maximum growth during
the third season of the plaice is afforded when the results of 1929 are
combined with those of 1928, i.e. when an hypothetical fish is built up
of two individuals of consecutive vears, taking care, of course, that the
two periods do not overlap. Thus, if we take D3 (1928) and B4 (1929) as
characteristic of females, it is seen that from May 22nd to July 19th,
1929, B4 increased its weight from 18-5 gm. to 43-0 gm., its length from
13:2 em. to 16:1 em. On July 16th, 1928, i.e. at the commencement of the
experiment, D3 was 16:6 cm. in length and 43-0 gm. in weight. And it
is reasonable to assume, bearing the performance of B4 in mind, that had
the experiments of 1928 been commenced some 48 days earlier, they
might have been commenced with a D3 fish of approximately 13 cm. in
length and 18 gm. in weight, this being the size of B4 on May 22nd, 1929.
Even when two sets of results are combined in this way, the whole growth
season is not completely covered since, according to the Lympstone
results of 1930, plaice are fully-feeding and freely-growing by the end of
March, but a closer approximation is afforded for total growth during the
third season.

By this means we can infer that the theoretical D3 fish of May 22nd,
1928, increased in size until by the end of December growth had taken
place from 13 em. and 18 gm. to 23-5 em. and 155 gm. It might be
considered objectionable to estimate growth to the end of December since
during 1929 growth ceased before the end of November, but it should be
realised that the degree of growth during December was slight. Moreover,
as the duration of this theoretical growth season (221 days) has not been
extended beyond the normal span (see below), no serious error is involved.

It is possible to repeat the above in the case of males, and by thus com-
bining the results for C3 (1928) and D3 (1929) we can infer that growth
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in weight from 15-5 gm. to 151 gm. takes place, theoretically, during the
corresponding period. This approximation would hold as an index of
maximum growth shown during the third season by a typical female.
The method employed is open to objection, but the aim in view is an
estimate of growth for the whole of the season with which we are con-
cerned. Such methods will be discarded when it comes to attempting
to estimate food requirements and food fractions going to satisfy main-
tenance requirements and to promote growth respectively. In attempt-
ing to do this the data of one particular year will be adhered to closely.
Before leaving this question of total growth it might be mentioned that
the Lympstone male, 11, increased in weight from 23-2 gm. to 147-2 gm.
during 182 days ending December 23rd, 1929. This shows the estimates
made above to be reasonable ones.

We might consider briefly Lympstone data which indicate the duration
of the growth season. The results of the experiments of January to April
show that the winter fast ceases quite abruptly during early March and
that before the end of this month appetite is completely restored. About
March 1st, 1930, the four Lympstone plaice L10-L15 were taking mere
maintenance rations of approximately 2 gm. per day. On March 4th they
commenced to take 4-5 gm. per day, and by March 6th were taking
5-6 gm. per day. The daily rations by the end of the month were 6-7 gm.
Tt is clear that during the first week in March these plaice increased their
daily rations from maintenance ones to almost maximum ones. We may
consider that the feeding and growth season commences about the end of
this week, say March 6th. At Lympstone during 1929, feeding ceased
abruptly about November 11th, when maximum water temperatures
approached 10°C., as the following data show. During the fort-
night ending November 11th, L12, L13, and L15 took 50-0, 36-3,
and 65-4 gm. of food respectively, while during the next fortnight only
84, 72, and 24-8 gm. respectively was taken. L15 continued partial
feeding until December, but it is generally true that full feeding was dis-
continued about November 11th. And in each case this discontinuance
marks the onset of a period when loss in weight occurs. The period of
winter fasting thus extends over 16 weeks and includes the whole of
December, January, and February. For about 36 weeks full feeding and
unrestricted growth ensue. The growth period is seen to be about 30 days
longer in extent than that corresponding to the total growth estimate
provided above. Doubtless, some variation in duration of the growth
period occurs, and at Lympstone during 1930, feeding and growth pro-
ceeded longer than during 1929, but after November 10th, when maximum
water temperatures reached 10° C., feeding was partial, so that the above
conclusions are not materially affected.

In my previous paper it was suggested that plaice which take food
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rations intermediate in quantity between maintenance and maximum
rations utilise food more efficiently for purposes of growth than do
maximum-feeding plaice. It has been shown in the present paper that
the evidence upon which this conclusion was based proved to be of doubt-
ful accuracy. There is a possibility that slight quantities of food were
washed out of the boxes during the early experiments and, if this actually
occurred, the efficiency of the maximum-feeding fish was higher than
the data indicate. The efficiency of these fish was used as a basis of
comparison for intermediate-feeding fish and hence the higher efficiencies
were possibly more apparent than real. But during 1930, this question
was investigated under refined conditions, and more reliable data have
been obtained,

Two fish of each sex were housed, in a segregated condition, in the
modified fish boxes and were supplied with rations about twice the value
of the maintenance rations. It is seen in Table 33 that these fish took an
average daily ration of not more than 1-5 gm. over periods from 141-178
days, whereas the maximum-feeding fish took as much as 3-5 gm. per day.
For the whole range of the experiments the I fish (intermediate-feeding)
showed an unmistakably high degree of efficiency in the utilisation of
food for growth purposes. No D or B fish (maximum-feeding) showed
such low efficiency indices, i.e. high efficiency, as was shown by these fish
for long periods, e.g. 6-8 (I1), 6-3 (I3), or 59 (I4). The indices for the two
most efficient D fish are 9-1 (D4) and 10-2 (D3), those for the most efficient
B fish, 85 (B5) and 9-7 (B3). Thus the male I1 required 2-3 gm. of food
less than the male D4 did in order to increase its weight by 1-0 gm., the
female I4 2-6 gm. less than the female B5 for corresponding weight in-
crease. The conclusion that intermediate-feeding plaice are more efficient
than maximum-feeding plaice seems perfectly justified. The evidences
are presented in greater detail in the text of this paper.

Finally, it is intended to attempt to fulfil the principal aim of these
experiments, which is to determine what portion of the maximum ration
taken by a freely-growing plaice is used in satisfying basal requirements,
L.e. supporting life by supplying the energy necessary for its maintenance,
for tissue repair and replacement, and what portion remains for the pro-
motion of growth. The results of the preliminary experiments of 1928
are of little or no use in this attempt since within 14 days of the commence-
ment the maximum-feeding male fish were larger than the minimum-feed-
ing fish. As the latter were retained for the whole course of the experi-
ments it is not possible to compare the two sets fairly. In the case of
females there was no fair basis of comparison from the very outset, on
account of size differences existing then. Inmy previous paper an attempt
was made to estimate the maintenance requirements of the fully-growing
males, but it was based upon the assumption that the maintenance ratio
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is constant throughout the third season of growth. Subsequent work has
shown that such is not the case, the ratio decreasing with increase in size
of the fish. But the estimate that approximately one-fifth of the total
food ration was used in satisfying maintenance requirements compares
as closely with the more refined estimate presented below as could be
expected from the facts then available.

TABLE 67.
Dara ConcerNING THE Mare Praice D3 (1929).

Showing growth in weight, food taken, and variation in maintenance
ratio with increasing size. Also food quantities estimated as having been
used for purpose of maintenance, fraction of total food and efficiency
as regards food available for growth.

Efficiency

(gm. of

food re-

Main- quired to

Food tenance Days Estimated produce

per ratio in food Growth 1-0 gm.

period.  (from period. required Fraction of in  increasein

Graph for main- total food weight wt. of fish

Weight. Fig. 1). tenance used for  per  allowing

Date per period. mainten- period. for main-

(1929). (gm.) (gm.) (gm.) ance. (zm.) tenance.)
June 6 155 — — —_- — — — -
w200 180 220 0-024 14 6-0 0-27 2-b 6-4
July 5 225 260 0-024 15 73 0-28 45 42
» 19 300 360 0020 14 7-4 0-21 7-5 3-8
Aug. 2 370 414 0-018 14 8-4 0-20 7-0 47
16 415 442 00165 14 9-0 0-20 4-5 7-8
, 30 515 532 0015 14 98 018 100 43
Sept. 16 656 685 0-014 17 139 020 140 39
Oct. 1 790 652 00135 15 146 022 135 37

. 15 900 765 0013 14 154 020 110 56
.29 950 630 00125 14 162 0-26 50 9-4
Nov. 13 103-0 50-0 0-012 15 178 0-36 8-0 4-0
,» 28 1050 390 0-012 15 187 0-48 20  10-1

During 1929 an attempt was made to remedy the defects of the early
experiments by determining the maintenance requirements of fish of
different sizes, but the attempt was not completely successful. It was
intended to commence the experiments with minimum and maximum-
feeding plaice of about the same size and to change the former periodically
s0 as to be able to keep the sizes comparable throughout, but difficulty
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was met with in the substitution of freshly-trawled fish for settled fish.
The fish appear to require a period of time in which to settle down and
segregation is not conducive to rapid settling down. However, the results
of these experiments provided the valuable conclusions which have been
mentioned above. Considerable advance was made during 1930 at

TABLE 68.
Dara ConcernNiNG THE FEMALE Praice B1 (1929).

Showing growth in weight, food taken, and variation in maintenance
ratio with increasing size. Also food quantities estimated as having been
used for purpose of maintenance, fraction of total food and efficiency as
regards food available for growth.

Efficiency
(gm. of
food re-
Main- quired to
Food  tenance Days Estimated produce
per ratio in food Growth  1-0 gm.
period.  (from period. required Fraction of in  increasein
Graph for main- total food weight wt. of fish
Weight. Tig. 1). tenance  used for  per  allowing
Date per period. mainten- period. for main-
(1929). (gm.) (gm.) (gm.) ance. (gm.} tenance.)

May 22 240 — = — . == — =
June 6 31.0 40-0 0-019 15 78 0-20 7-0 4-6
» 20 350 22:0 0017 14 79 0-36 4-0 35
July 5 400 260 0016 15 9-0 0:35 5-0 34
19 470 380 0015 14 9-1 0-24 7-0 41
2 B35 443 0-014 14 9-8 0-22 6-5 53
. 16 61:0 462 00135 14 106 0-23 75 4-7
. 20 690 BT7T-0 00125 14 12:0 0-21 8-0 5-6
Sept. 16 795 690 0-012 17 151 022 105 51
Oct. 1 895 669 00115 15 146 0-22 10:0 52
156 96:0 630 0011 14 142 0-23 6-5 75
o 29 985 490 0-011 14 150 0-31 2-b 13-6
Nov. 13 1040 540 0-011 15 167 0-31 Hb 6-8
5 27 1055 43— 0-011 14 161 037+ 15 18-04

Cawsand, what is perhaps the best method of experimenting being
employed, the arrangement at the outset of a graded series of fish such as
has been described previously. It remains only to apply the results
obtained to the estimation it is intended to make. By the use of the
graphs shown in Figure 1 it is possible to read off the maintenance ratios
of steadily-growing plaice from one fortnightly period to another, using the
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mid-kody weights for the periods concerned, and thus estimate approxi-
mately the quantity of food required for maintenance, which can then be
expressed as a fraction of the total quantity of food taken.

Probably, the most useful estimate will be provided if the performances
of plaice showing typical sigmoid growth-curves are made use of. The

TABLE 69.
Dara ConceErNING THE FEMALE Praice B4 (1929).

Showing growth in weight, food taken, and variation in maintenance
ratio with increasing size. Also food quantities estimated as having been
used for purpose of maintenance, fraction of total food and efficiency as

regards food available for growth.
Efficiency

(gm. of
food re-
Main- quired to
Food tenance Days Estimated produce
per ratio in food Growth 1-0 gm.
period.  (from period. required Fraction of in  increasein
Graph for main- total food weight wt. of fish
Weight. Fig. 1). tenance wused for per  allowing
Date per period. mainten- period. for main-
(1929). (gm.) (gm.) (gm.) ance. (gm.) tenance.)

May 22 185 — — @— — e o -
June 6 260 400 00215 15 72 018 75 44
, 20 320 220 0018 14 75 034 60 24
July 5 365 260 0017 15 87 033 45 38
, 19 430 365 0016 14 89 024 65 42
Aug. 2 505 487 0015 14 98 020 75 52
, 16 605 514 00135 14 105 020 100 41
. 30 660 543 0013 14 109 020 55 79
Sept.16 760 655 00125 17 151 023 100 50
Oct. 1 85 552 0012 15 144 026 75 53
, 15 900 590 00115 14 140 024 65 69
, 29 1020 630 0011 14 148 023 120 40
Nov. 13 1080 525 0011 15 172 034 60 59
, 27 1035 385 0011 14 163 042 45  —

growth performances during 1930 are apparently subnormal, those of
1928 are marred by the possibility of food leakages. Undoubtedly the
results obtained in the experiments with the male D3 and the females Bl
and B4 are likely to be of most use in this respect. Accordingly these
will be employed.

In Table 67, which is partly derived from data shown in Table 20 of
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my previous paper, are shown the weights of D3 on a succession of weigh-
ing days from June 6th to November 28th, 1929. The maintenance
ratios, obtained from the graph in Figure 1, are shown in col. 4, while in
col. 6 is shown the estimated maintenance requirements for the periods,
these being given as fractions of the total food in col. 7. It is seen that for
the period ending June 20th, 60 gm., or 0-27 of the total food taken, was
required for maintenance and that for the period ending October 29th,
16-2 gm., or 0:26 of the total, was required. From June 6th to October
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Fic. 10.—Acceleration curves showing the relationship between the total
quantity of food taken by D3 () during 1929 and the quantities
estimated as having been used for purposes of maintenance. Above,
total food : below, food for maintenance.

29th the fraction for the various fortnightly periods varied between 0-18
and 0-28. These results are shown graphically in Figure 10. During Novem-
ber, when feeding was becoming inhibited, the fraction was increased,
but the figures quoted do not take into consideration the slight fall in
value of the maintenance ratio which would undoubtedly occur here.
For the whole of the experiment, 177 days, the total food taken was
585 gm. of which, according to this estimate, 145 gm. have been required
to satisfy basal requirements, i.e. approximately 25 per cent of the total.
In the last column of Table 67 are shown indices of efficiency relating to
food available for the promotion of growth, and it is seen that these vary
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from period to period up till the end of October between 3-7 and 9-4.
Thus, no matter whether efficiency is estimated in terms of total food or
in terms of food available for growth, the efficiency index is not constant
for successive short periods during the growth season. But the table
indicates that the index is, in round numbers, 4 during each of six periods
and greater than 4 during six others. It appears that of food available
for growth purposes every 4 gm. generally produces 1-0 gm. of fish.
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Fie. 11.—Acceleration curves showing the relationship between the total quantities

of food taken by Bl and B4 ( %) during 1929 and the quantities estimated
as having been used for purposes of maintenance. Above, total food: below,
food for maintenance.

Tables 68 and 69 present data for the females Bl and B4, the method
of obtaining them being precisely the same as that used for D3. For the
period of 15 days ending June 6th, Bl required 7-8 gm. of food for main-
tenance, 0-20 of the total quantity taken, while for the period of 14 days
ending October 29th it required 15-0 gm. or 0-31 of the total quantity
taken (Table 68). For the whole experiment, 189 days, 618 gm. of food
was taken, of which 158 gm. is estimated as having been required for
maintenance, i.e. approximately 25 per cent of the total. These results
are shown graphically in Figure 11. In the case of B4 7-2 gm. of food or
0-18 of the total quantity taken was required for maintenance during 15
days to June 6th, 14-8 gm. or 0-23 of the total during 14 days to October
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29th. During 187 days a total of 613 gm. of food was taken, of which
155 gm. was used for purposes of maintenance, again approximately
25 per cent of the total (Table 69). It is seen that the efficiency as regards
food available for growth was just as inconstant as in the cases of Bl and
D3. But for five periods the efficiency index was, in round numbers, 4,
and for three periods 5, from which it can be inferred that generally
between 4 and 5 gm. of food available for growth produce 1-0 gm. of fish.
For Bl it appears that 5 gm. was required to produce this weight of fish,
the efficiency shown being slightly less than that shown by B4. For the
whole experiment the average efficiencies read as follows : B1—5-4, B4—
4-9, and D3—4-8, the male thus showing the greatest degree of efficiency.

The general conclusions afforded by these estimates are uniform for
males and females alike. Of the total food taken during the growth
season, approximately 25 per cent is used for maintenance. Of the re-
mainder which is available for the promotion of growth, on the average
for the season and expressed in round numbers each 5 gm. produces
1:0 gm. increase in weight of the fish, although for shorter periods 4 gm.,
or even slightly less, may produce such an increase.

The discussion part of this paper must serve as a summary of results,
since to summarise further would scarcely serve a useful purpose. Inmany
respects 1t 1s considered that the treatment of the available data by the
methods adopted is scarcely adequate, and it is hoped to be able to treat
these data by strictly statistical methods in the near future. When the
methods of correlation are applied to the data, it is likely that reliable
generalised results will be forthcoming which might possibly have a greater
practical application in fishery research.
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Date
(1930)

BEN DAWES.

TABLES 1-6.

Dara OBTAINED FROM THE EXPERIMENTS ON THE MAINTENANCE

REqQUIREMENTS oF MALE PralcE.

Growth
Size per
of fish. period,

Lth. Wt. Lth. Wt.
(em.) (gm.) (em.) (gm.)
131 215 —_ —
13-0 2056 -01 =10
13-0 193 nil -1-2
130 17-8 nil -1-5
13-0 193 il 1-5
13-1  20-0 0-1 07
133 210 0-2 1-0
13-3 215 nil 0-5
13-3 2007 nil -0-8
133 20-7 il nil
13-4 208 0-1 0-1

153 315 — —
153 316 nil 0-1
154 325 01 0-9
155 323 01 -02
156 332 01 0-9
158 340 02 08
159 350 01 1-0
15-9 352 nil 0-2
16:0 350 01 —02
16:0 354  nil 0-4
16-1 365 01 1-1
16-1 36-8 nil 0-3
16-2 359 01 -09
16-9 450 — —
17-0 465 01 1-5
172 465 02 il
17-3 484 01 1-9
17-4 485 01 01
17-4  46-0 nil -2-5
173 448 -01 -1-2
172 429 -01 -19
174 427 02 -0-2
174 441 nil 1-4
174 441 nil nil
174 43-0 nil -1-1

Tasre 1: CI.
Ratio of
food per
Weirht No.of Average day/
of food  days weight javerage
per in of food body-wt.
period. period. per day. for
(gm.) (gm.} period.
4-2 12 0-35 0-017
34 14 0-24 0-012
34 14 0-24 0-013
85 14 0-61 0-031
7-1 14 0-51 0-026
8-0 16 0-50 0-024
75 15 0-50 0-024
6-0 15 0-40 0-019
85 14 0-61 0-030
10-0 16 0-62 0-030
Tarre 2: (2,
7-8 12 0-65 0-021
6-9 14 0-49 0-015
64 14 0-46 0-014
70 14 0-50 0-015
6-6 14 0-47 0-014
7-5 16 0-47 0-014
74 15 0-49 0-014
70 15 0-47 0-013
70 14 0-45 0-013
85 17 0-50 0-014
58 16 0-41 0-011
6-0 15 0-40 0-011
TasLe 3: C3.
9-3 12 0-77 0-016
8-0 14 0-57 0-012
8-0 14 0-57 0-012
76 14 0-54 0-011
82 16 0-51 0-011
80 15 0-53 0-012
80 15 0-53 0-012
11-5 14 0-82 0-019
14-0 17 0-81 0-019
10-8 16 0-67 0-015
10-3 15 0-70 0-016

Total
wt. of
food
to date.
{gm.)

e 05 b by =
8 6B i =1

W O bO =
D tD S =i
=S

571
68-6
82-6
93-4
103-7

No. of
days
since
com-

mence-

ment of
expt.

12
26
40
54
68
84
99
114
128
144

12
26
40
54
68
84
99
114
128
145
161
176

12
26
40
54

85
100
114
131
147
162

Cumulative
growth.

Lth.
(em.)
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Date
(1930)

May 12

» 26
June 9

» 23
July 7
» 21
Aug.

(5]

S‘c;pt-.

Oct.

I CE
SIS E—S

"
Nov.

May 26
June 9

July 1
s 21
Aug. 6
Sept. 5
Oct.
Nov.

June 12

Hize
of fish.

Lth.
{em.)
189
18-9
19-0
190
19-0
19-1
19-2
19-2
19-2
19-2
19-3
19-4
19-3

b B BS BD BS BS B RS B BS BS B
Pt e et ot ol o o et e el et
OO O e Ut e e e e QOB

23-0
23-0
23-0
22-8
22-7
22-8

22-8
227
22-8
22-8

Wt.
(gm.)
59-0
61-0
59-6
61-0
61-2
63-0
62-2
61-0
60-1
61-8
62-8
62-8

625

115-0
1130
112-8
1150
113-2
113-2
1100
109-5
109-8
1125
111-1

GROWTH AND MAINTENANCE IN PLAICE.

Growth

ner

period,

Lth.
(em.)

nil
01
nil
nil
0-1
0-1
nil
nil
nil
0-1
0-1
-0-1

01
0-1
nil
nil
nil
nil

<
._

0-1
nil
nil

nil
nil

- 01
0-1
- 01
0-1
-01
01
nil

]
@
]

Wt.

| B

I

SCEFEFORO O

I I l
cCEH-ONORED=O

1 |

[
RO DWE — O |

S o ooy S

w

= R R P

A adidiis =draes |

TarLe 4: Cd.
TRatio of
food per
Weight No.of Average day/ Total
of food  days weizht /average wt. of
ver in of food body-wt, food
period. period. per day. for to date,
(gm.} (gm.) period. (gm.)
11-3 14 0-81 0-013 11-3
11-9 14 0-85 0-014 23-2
14-0 14 1-00 0-017 37-2
13-0 14 0-93 0-015 50-2
12-1 14 0-86 0-014 62-3
124 16 0-77 0-012 T4-7
125 15 0-83 0-013 87-2
12-0 15 0-80 0-013 99-2
17-5 14 1-25 0-020 116-7
18-5 17 1-09 0-016 135-2
150 16 0-94 0-015 150-2
75 15 0-50 0-008 1577
TaBLe 5: C5.
13-8 14 0-99 0-011 13-8
13-8 14 0-99 0-011 27-6
13-0 14 0-93 0-011 406
12-3 14 0-88 0-010 52-9
13-4 16 0-84 0-010 66-3
13-5 15 0-90 0-010 79-8
13-0 15 0-87 0-010 92-8
155 14 1-11 0-013 1083
19-0 17 1-12 0-013 127-3
16-0 16 1-00 0-012 143-3
13-0 15 0-87 0-010 156-3
TasLe 6: C6.
14-7 11 1-34 0-012 14-7
195 14 1-39 0-012 34-2
19-8 14 1-41 0-012 54-0
19-8 16 1-24 0-011 738
19-0 15 1-27 0-011 92-8
185 15 1-23 0-011 111-3
250 14 1-79 0-016 136-3
277 17 1-63 0-015 164-0
252 16 1-57 0014  189-2
19-3 15 1:29 0-012 2085

No. of
days
since
com-

IMence-

ment of
expt.,

14
28
42
56
70
86
101
116
130
147
163
178

14
28
42
56
72
87
102
116
133
149
164

11
25
39

70
85
99
116
132
147

917

Cumnulative

growth.
Lth. Wit.
fem.)  (gm.)
nil 2-0
01 0-6
0-1 2.0
0-1 2:2
0-2 40
0-3 3-2
0-3 2-0
0-3 1-1
0-3 2-8
0-4 3-8
0-5 3-8
0-4 35
01 -02
0-2 08
0-2 1-5
0-2 2:3
02 —-02
0-2 0-5
03 -15
02 —24
03 -11
03 -1-1
03 -13
nil -20
nil -2-2
-02 nil
-03 -18
-02 -1-8
-03 =50
-02 -55
-03 -52
-02 =25
-02 -39



TABLE 7.

SUMMARISED DATA CONCERNING THE MAINTENANCE REQUIREMENTS OF THE MALE Pratce, C1-C6.

Fish
No.

Cl1

C2

C3

C4

5]

C6

Lth.
cm.

13-1

15-3

16-9

18-9

21-2

23-0

Initial
size.

Wt.
am.

21-5

315

45-0

59-0

86-7

115-0

Lth.

om.

13-4

16-2

17-4

Final
size.

Wt.

am.

20-8

359

430

Growth.
Lth. Wt.
cm. gm.
0-3 —0-7
0-9 44
0-5 —2:0
0-4 35
0-3 —1-3
—0-2 —3-9

Days

in

period.

144

176

162

178

164

147

Average
weight
of food

per day.

(gm.)

0-46

0-49

0-64

0-89

0-95

1-42

Ratio
Food per
day/
[mid
body-
weight

per period.,

0-022

0-015

0-015

0-015

0-011

0-013

816
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TABLES 8-13.

Darta OBTAINED FROM THE EXPERIMENTS ON THE MAINTENANCE
REQUIREMENTS oF FEmALE PrAICE.

TaBLE 8: AS5.

Ratio of No. of
food per days
Growth Weight No.of Average day/ Total since
Size per of food  days weight javerage  wt. of com- Cumulative
Date of fish, period. per in of food body-wt. food mence- growth.
(1930) period. period. per day. for to date. ment of
Lth. Wt Lth. Wt (gm.) (gm.) period, (gm.) expt. Lth. wt.

(em.) (gm.) (em.) (gm.) (em.)  {gm. )

June 16 122 173 - — — — - —_ — -— e i
s 23 124 178 0-2 0-5 35 7 0-50 0-029 35 7 0-2 05
July 7 126 190 0-2 1-2 80 14 0-57 0-031 11-5 21 0-4 1-7
5 21 12-8  20-0 0-2 1-0 G-6 14 0-47 0-025 181 35 (-G 2.7
Aug. 6 129 205 0-1 0-5 75 16 0-47 0-023 25-6 Al 0-7 32
» 21 130 21-2 0-1 0-7 G-6 15 0-44 0-021 32-2 66 0-8 3-9
Sept. 5 132 206 02 -06 6-0 15 0-40 0-019 38-2 81 1-0 33
s 19 132 218 nil 1-2 33 14 0-39 0-018 43-7 95 1-0 45
Oct, 6 133 223 0-1 0-5 80 17 0-47 0-021 51-7 112 1-1 5-0
» 22 133 223 nil nil 55 16 0-34 0-015 h7-2 128 1-1 a0
Nov. 6 13-3 220 nil - 0-3 30 15 0-33 0015 62-2 143 1-1 4-7

TaBLeE 9: A6 (aand b).
May 14 156 330 — — o —_ —_ — — —_ — —
» 26 155 31-8 -01 -12 6-3 12 0-52 0-016 6-3 12 -01 -12
June 155 30-8 nil - 10 -3 14 0-45 0-014 12-6 26 -01 -22
» 23 155 30-1 nil - 0-7 3-9 14 0-28 0-009 165 40 -01 -29
July 7 155 29-1 nil - 1-0 G-2 14 0-44 0-015 22-7 54 -01 -39
s 21 153 280 -02 -1-1 1-0 14 0-04 —- 23-7 68 -03 -50
Aug. 6 153 270 nil - 1-0 5-2 16 0-32 0-012 28-9 84 -0-3 6-0
Aug. 22 152 350 — — — — - — — - — —
Sept. 5 152 34-2 nil - 0-8 35 15 0-24 0-007 35 15 nil  — 0-8
» 19 152 323 nil -1-9 4-6 14 0-33 0-010 81 29 nil - 2.7
Oct. 6 152 315 nil - 0-8 56 17 0-33 0-010 13-7 46 nil -3-5
- 22 152 302 nil -1-3 4-9 16 0-31 0-010 18-6 62 nil -4-8
Nov. 6 152 301 nil - 0-1 76 15 0-51 0-017 26-2 77 nil - 49
TasLe 10: A2,

June 11 17-3 490 — — — — - -— —- — — -
o 23 173 468 nil - 22 9-0 12 0-75 0-016 0 12 nil -22
July 7 175 50-8 0-2 40 110 14 0-79 0-016 20-0 26 0-2 1-8
o 21 17-6 5240 nil 1-2 9-0 14 0-64 0-012 290 40 0-2 30
Aug. 6 176 51-0 01 -10 9-5 16 0-59 0-011 385 56 0-3 20
T | 17-6 520 nil 1-0 100 15 0-67 0-013 48-5 71 0-3 3-0
Sept. 5 176 494 nil -2-6 10-0 15 0-67 0-013 585 86 0-3 0-4
» 19 17-6 522 nil 2-8 115 14 0-82 0-016 70-0 100 0-3 3-2
Oct. 6 176 535 nil 1-3 140 17 0-82 0-016 840 117 0-3 4-5
w22 177 5341 01 ~04 110 16 0-69 0-013 950 133 0-4 4-1
Nov. 6 177 530 nil -0-1 70 15 0-47 0-009 102-0 148 0-4 4-0
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TasLe 11: A4,

Ratio of No. of

food per days

Growth Weight No.of Average day/ Total since
Size per of food  days weizht /average wt. of com- Cumulative

Date of fish, period. per in of food body-wt. food mence- zrowth.
(1930) period.  period. per day. for to date, ment of
Lth. Wt. Lth. Wt (gm.) (gm.) period (zm.) expt. Lth. Wt.
fem.)  (gm.) (em.) (gm.) (em.) (gm.)
May 12 19-8 71-0 —_ — —_ — —_— — — — — —
- 26 19-8 677 nil -33 12-0 14 0-86 0-012 12-0 14 nil -3-3
June 9 199 679 0-1 0-2 11-7 14 0-84 0-012 237 28 01 -31
w23 20-0  67-8 01 -01 117 14 (-84 0-012 354 42 02 -3-2
July 7 20-1 677 01 -01 130 14 0-93 0-014 48 4 56 03 -33
i 21 20-1 680 nil 0-3 13-0 14 0-93 0-014 61-4 70 03 -30
Aug. 6 20-2 685 01 06 145 16 0-91 0-013 759 86 04 -25
- 21 20-2  66-5 nil -20 13-0 15 0-87 0-013 88-9 101 04 —-45
Sept. 5 20-4  66-3 02 -02 135 15 0-90 0014 1024 116 06 —47
. 19 20-2 664 -0-2 0-1 135 14 0-96 0-014 115-9 130 04 —46
Oct. 6 20-3 686 0-1 2:2 16-3 17 0-96 0-014 132-2 147 05 -24
. 22 204 688 0-1 0-2 145 16 0-91 0-013 146-7 163 06 -22
Nov. 6 20-2 683 -02 -05 8-3 15 0-55 0-008 155-0 178 04 -2
TaBLE 12: A3,
June 12 220 101-5 — — — — — — — — — —
5 23 220 975 nil -40 130 11 1-18 0-012 13-0 11 nil - 4-0
July 7 220 979 nil 0-4 175 14 1-25 0-013 30-5 25 nil - 36
= 21 21-9 1000 -0-1 2.1 170 14 1-21 0-012 47-6 39 -01 -15
Aug. 6 220 970 01 =30 185 16 1-16 0-012 66-0 55 nil -4-5
v 21 220 96-0 nil -10 175 15 1-17 0-012 835 70 nil - 55
Sept. b 22.2 935 0-2 =25 170 15 1-13 0-012 100-5 85 02 -840
W 19 21-8 956 -0-4 2.1 200 14 1-43 0-015 120-5 99 -02 -59
Oct, 6 21-9  96-8 0-1 1.2 245 17 1-44 0-015 145-0 116 -01 —-47
. 22 220 96-3 01 —05 206 16 1-29 0-013 1656 132 nil -52
Nov. 6 22.0  95-2 nil -11 130 15 0-87 0-009 178-6 147 nil -6-3
TasLeE 13: Al.

May 12 24-5 13240 — — — — — — — — e —
» 26 246 1338 0-1 1-8 137 14 0-98 0-007 13-7 14 0-1 1-8
June 9 24-6 1320 nil -1-8 190 14 1-36 0-010 327 28 0-1 nil
i 23 246 134-0 nil 2-0 2140 14 1-50 0-011 53-7 42 0-1 2:0
July 7 24-6 1332 nil -0-8 185 14 1-32 0-010 72-2 56 0-1 1-2
5 21 24-6 138-0 nil 4-8 185 14 1-32 0-010 90-7 70 0-1 6-0
Aug. 6 24-8 136-0 02 -20 200 16 1-25 0-009 110-7 86 0-3 4-0
» 21 24-7 1360 -0-1 nil 190 15 1-27 0-009 129-7 101 0-2 4-0
Sept. 5 247 136-2 nil 0-2 185 15 1-23 0-009 148-2 116 0-2 4.2
. 19 247 1355 nil —-0-7 185 14 1-32 0-010 166-7 130 0-2 35
Oct. 6 24-7 1404 nil 4-9 215 17 1-26 0-009 188-2 147 0-2 8-4
. 22 24-8 140-8 0-1 04  20:0 16 1-25 0-009 208-2 163 0-3 88
Nov., 6 247 1369 -01 -39 130 15 0-87 0-006 221-2 178 0-2 49
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Fish
No.

Ab

Aba

A2

A4

A3

Al

b

TABLE 14,

SraMARISED DATA CONCERNING THE MAINTENANCE REQUIREMENTS OF THE FEMALE

In_iti:ll
size.
Lth. Wt.
(em.) (gm.)
12-2 17-3
15-6 330
15-2 250
17-3 49-0
19-8 71-0
22-0 101-5
24-5 132-0

Lth.
(em.)

13-3

Lo o

Praice, AI1-AS6.

Final

size.

Wit.
{gm.)
29-0

63-3
95-2

136-9

Growth.
Lth. Wt.
(em.) {gm.)
1-1 4-7
—0-3 —6-0
nil —4-9
0-4 4-0
0-4 —29
nil —6-3
0-2 4-9

Days
in

period.

143

84
T

148

178

147

178

Average
weight
of food

per day.

(gm.)
043

0-34
0-34

0-69

0-87

Ratio
Food per
day/
fmid
body-
weight

per period.

0-022

0-011
0-010

0-014

0-012

0-012

0-009
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Fish

No.

D1

D2

D3

D4

D6

B1

B2

B3

Sex.

Cu Cu Oy Cu G Oy

0 K 40 +0

Lth.
(em.)

150

13-5

135

14-6

13-1

Tnitial

gize.

Wt.
(gm.)
358

22-0

265

23-0

317

18-2

26-7

30-5

19-7

Lth.
(em.)
19-2
174
174
16-4

16-8

18-0

182

17-3

19-2

Final
size.

Wt.
(gm.)
771
b2-1
51-0
44-5
47-2

33-0

557

64-1

G

Lith.
(em.)

4-2

39

33

27

44

TABLE 15.

SUMMARISED Data CoNcERNING MAXIMUM REQUIREMENTS AND
AND FEMALE PrLAICE.

rowth.
Wit.
(gm.)
41-3
301

24-5

29-0

336

30-6

480

Period,

From

28 :

12:

12

29

17:

17:

26 :

5

5

[

To
6211

6211

6:11

21:8

GROWTH IN MALE

Days
in
Period.
162
178
116
116
88

99

142

165

87

Total
food

per the
period,

(gm.)
475

358

250

196

159

159

Average
weight
of food
per day
for the
period.
(gm.)

3-0
2:0
2:2
1-7
1-8

1-6

23

Gm. of

food per
1-0 gm,

increase
in weight

of fish.

11-5

11-9

10-2

91

10-3

10-7

11-4

10-5

97

(44
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TABLES 16-21.
Maxmvum REQUIREMENTS AND GROWTH oF MALE Pralce.

TapLe 16: DI.

Gm. of
food
per Average
1-0 gm. food Percent- Tatal
Bize Growth Total increase No of perday age food
of Wt/ per food in days  during growth todate Cumulative
fish. /Lith.® period. per weight in each  inwt. growth.
Date, period,  of fish.  period. period.
(1930} Lih. Wt. Lth. Wt.  (zm.) (Em.) (Em.} Lth. Wit.
fem.}  (Em.) fem.}  (gm.) {cm.) (em.)
May 28 150 358 0011 — — — —_ — — — — —
June 9 162 460  0-011 1-2 10-2 43-3 4-2 12 3-61 285 43 12 10-2
o 23 17-0 51-3 0-010 08 53 571 10-8 14 408 115 100 2.0 155
July 7 173 525 0010 (3 1.2 353 294 14 2-52 2.3 136 2:3 167
5 21 176 580 0-011 03 55 40-0 73 14 2:86  10-5 176 26 222
Aug. 6 178 577 0010 02-03 386 - 16 241 — 214 28 219
s 21 181 605 0-010 03 28 322 115 15 2-15 50 246 31 24.7
Sept. 5 183 608 0010 02 03 411 1370 15 274 05 288 33 250
20 184 643 0010 01 35 397 11-3 15 265 58 327 34 285
Oct, 6 188 700 0-011 04 57 541 9:5 16 3-38 8-9 381 3-8  34-2
» 22 191 722 0011 03 22 448 204 16 2-80 31 426 4-1 364
Nov. 6 192 1771 0-011 0-1 49 485 9-9 15 3:23 6-8 475 4-2  41-3
TapLe 17: D2.
May 12 135 220 0009 — — e — — — — — — —
» 26 135 22.7 0-009 nil 07 140 200 14 1-00 3-2 14 nil 0-7
June 9 143  29-7 0-010 08 70 30-2 4-3 14 2:16  30-8 44 0-8 ik
23 150 330 0010 07 33 36-0 10-9 14 2-58 11-1 80 -5 110
July 7 153 352 0010 03 22 26-8 122 14 1-91 6-7 107 1-8 132
- 21 157 390 0010 04 3-8 327 86 14 2:3¢ 108 140 22 170
Aug. 6 161 432 0010 04 42 422 10-0 16 264  10-8 182 26 212
21 166 465 0-010 05 33 340 10-3 15 2.27 76 216 31 245
Sept. 5 167 470 0-010 01 05 314 62-8 15 2-09 1-1 247 32 250
,» 200 169 469 0010 02 -01 16-8 - 15 112 — 264 34 249
Oct. 6 171 524 0010 02 535 350 64 16 2-19 117 299 36 304
. 22173 530 0010 02 06 290 483 16 1-81 1-1 328 3-8 310
Nov. 6 174 521 0-010 01-09 297 — 15 1-98 — 358 39 301
TasLe 18: D3,
May 12 140 265 0-010 —_— — - — — — — — — —
o 260 140 250 0-009 nil - 1-5 9-3 - 14 066  — 9 nil -1-5
June 9 144 285 0010 04 35 24-6 70 14 176 140 34 0-4 20
s 23 149 333 0-010 0-5 48 39-1 8-1 14 2-80 16-8 73 0-9 6-8
July 7 155 384 0010 06 51 345 6-8 14 246 15-3 107 -5 119
» 21 163 490 0011 08 10-6 448 4-2 14 320 276 152 2.3 225
Aug. 6 170 535 0011 07 45 487 10-8 16 304 92 201 30 270
s 21 17-4 545 0-011 04 10 32-9 32-9 15 219 1-9 234 34 280
Sept. 5 174 510 0010 nil - 35 16-4 — 15 109 — 250 34 245



Size

of

fish.

Date

(1930) Lth.
(em.)
May 12 135
o 260 135
June 9 13-7
» 23 140
July 7 143
s 21 148
Aug. 6 155
» 21 160
Sept. 5 164
June 9 146
. 23 150
July 7 154
» 21 156
Aug. 6 160
w21 164
Sept. 5 168
May 29  13-1
June 9 13-2
w230 134
July 7 137
» 21 138
Aug. 6 143
s 21 148
Sept. 5 151

924

Wt.

9
o
=)

P BD 60 02 63 ~d'n b
S-S ma

#ANWI&IQI-&N&I"

317
33-2
348
38-0
41-0
42-5
47-2

18-2
19-3
20-5
21-6
24-0
26-0
28-5
33-0

Wt

iLth.

0-009
0-009
0-010
0-010
0-010
0-010
0-010
0-010
0-010

0-010
0-010
0-010
0-010
0-010
0-010
0-010

0-008
0-008
0-009
0-008
0-009
0-009
0-009
0-010

BEN DAWES,

TasLe 19: D4,

TasLE 20: D5.

TasLe 21: DG6.

Growth
per Total
period. food
per
Lth. Wt. period.
(em.)  (gm.) (gm.}
nil - 15 11-4
02 43 19-0
03 1.2 209
0-3 28 213
05 37 26-9
07 62 356
05 23 30-5
04 25 30-3
04 15 21-9
04 16 18-9
02 32 208
04 30 343
04 15 29-4
04 47 341
01 1-1 15-9
02 12 22-6
03 1-1 16-5
01 24 17-1
05 240 31-8
03 25 22-8
05 45 32-4

Gm, of
food
per

10 gm.

increase

in
weight
of fish.

14-6
11-8
6-5
1
1

-1
EN=—

=

—
=140 R =1 Gh o -

1S - - S go

No. of
days
in
period.

14
14
14
14
14
16
15
15

14
14
14
16
15
15

11
14
14
14
16
15
15

Average
food Percent-
per day age
during growth
each in wt.
period.
(gm }
0-81 —
1-36  20-0
1-49 4-6
1-52  10-4
1-92 124
222 185
2-03 58
2-02 6-0
1-56 4-7
1-35 4-8
1-49 9-2
214 80
1-96 3-7
227 1141
1-45 G-0
1-61 6-2
1-18 53
1-22 11-1
1-99 8-3
1-52 96
216 158

Total
food
to date

{gm.)

11

—
= R S L]
{'.ilcﬁla‘.n—-l\:ll

159

16
38
55
72
104
127
159

Cumulative
growth.
Lth. Wt.
(em.) (zm.)
nil —1-5
0-2 2-8
0-5 4-0
0-8 6-8
1-3 105
2.0 16-7
25 190
2.9 215
0-4 1-5
0-8 31
10 G-3
1-4 9-3
1-8 10-8
22 155
0-1 1-1
0-3 2-3
0-6 34
0-7 58
1-2 78
15 10-3
20 148



Tate.
(1930)

Z
=}
-4
[N R
WIS R D T G ] S~

h/

=
)

=

June 17
» o 23
July 7

o

(5]
SRS O S

Aug.

| ]

Sept.

_2,
Oct.

21

Nor.

May 26
June 9

Ty 7
;‘\’{lg. 6
Sept. 5
Oct. 6

}::3\’. 6

GROWTH AND MAINTENANCE IN PLAICE. 925

TABLES 22-27.

Maximum REQUIREMENTS AND GGROWTH oF FEMALE PLAICE,

TasLe 22: BI.

Gm, of
food
per Average

Bixe Growth 10 gm. food  Percent- Total

of 7t./ per Total increase No.of perday  age food Cumulative

fish. JLth.? period. food in days  during  growth to date growth.

per weight in each in wt.
Lth. Wit. Lth. Wt.  period. of fish. period. period. Lth. Wt.
tem.)  {gm.) tem,)  (gm.)  (gm) (gm.) (gm.) (em.) (gm.)
147 267 0-008 _— — — — —_ = == —_ —_ —
148 285 0-009 01 18 84 4-7 6 1-40 6-7 8 0-1 1-8
153 344 0-010 05 59 40-1 6-8 14 2-86  20-7 48 0-6 77
15-8  43-0 0-011 05 86 40-2 4-7 14 2.87 2540 89 1-1 16-3
16-7  51-0 0-011 0-9 80 49-9 6-2 16 312 186 139 20 243
17-4 585 0-011 07 745 52-2 70 15 348 147 191 2.7 318
178 589 0-010 04 04 34-6 86-5 15 231 0-7 225 31 32.2
179 595 0010 01 06 301 50-2 15 2:01 10 255 32 328
18-0 616 0-011 01 21 34-8 16-6 16 2:17 35 290 33 349
18-1 557 0-010 0-1-59 19-2 —_ 16 1-20 —_ 309 34 290
18-0 557 0010 - 01 il 21-6 S 15 1-4 — 331 33 290
TaBLE 23: B2.
155 305 0008 — — — — — — — —_ — —
155 30-0 0008 nil - 0-5 3-8 — 6 0-63 —_ 4 nil  -0-5
156 322 0-008 0l 22 18-5 84 14 1-32 67 22 0-1 17
16-1 425 0-010 0-5 10-3 49-9 4-8 14 3-56 320 72 a6 120
16-7  48-3 0-010 06 58 50-9 88 16 318 136 123 1-2 178
17-2 545 0-011 05 62 46-5 75 15 310 128 170~ 17 240
17-5 558 0-010 03 13 40-0 30-8 15 2-67 2-4 210 2:0 253
174 60-4 0011 =01 46 42-1 9-2 15 2:81 B2 252 1-9 299
180 63-5 0-011 06 31 431 13-9 16 2-69 a1 205 2:5 330
182  63-7 0-011 02 02 284 142:0 16 177 0-3 323 2.7 332
182 64-1 0-011 nil 04 28-9 72:2 15 1:93 0-6 352 27 336
TasrLe 24 : B3.
12.9 197 0-009 —_— — £ — = — T — s —
13-5 241 0-010 0-6 44 29-1 6-6 14 208 223 29 0-6 4-4
147 300 0-009 1-2 59 316 54 14 226 24-5 61 -8 103
15:3 353 0-010 06 53 344 65 14 2-46 177 95 24 156
155 36-5 0-010 02 12 18-2 15-2 14 1-30 34 113 2:6  16-8
159  38-8 0-010 04 23 28-9 12-6 16 1-81 63 142 30 191
16-3  42-0 0-010 04 32 287 9-0 15 1-91 8-2 171 34 223
16-5 43-8 0-010 02 18 26-2 14-6 15 175 4-3 197 36 241
—_— —_ X

17-2 484 0-010 07 46 49-8 10-8 32 1-56 X 247 43 287
17-4 497 0-009 02 13 238 18-3 16 1-49 2.7 271 45 300
17-3  50-3 0010 -01 06 25-1 41-8 15 1-67 1-2 296 44 306



926

Date.
(1930)
May 26
June 9
» 23
July 7
2 21
Aug. 6
I 21

May 26
June 9

J;;ly 1

s 21
Aug. 6
Sept. 5
Oct. 6

May

b —

[ )
(=T = SRS RCRC .

"
June

July

(5]

2

Aug.

o

Sept.

Lth.

(em.)
15-5
15-9
169
17-8
181
18-6
19-2

12-3
13-0
14-1
15-1
159
16-5
16-5
16-5
16-4
166

14-3
14-4
14-5
150
15-2
15-7
16-2
16-4
16-5
16-4

Wt.

(gm.)
345
42-5
53-0
64-0
69-0
738
82-5

17-2
22-4
29-2
370
42-0
457
47-5
43-8
44-3
39-1

27-5
280
313
34-0
372
42-5
46-0
48:5
48-2
45-6

Wt./

Lth.s

0-009
0-011
0-011
0-011
0-012
0-012
0-012

0-009
0-010
0-010
0-011
0-010
0-010
0-011
0010
0-010
0-009

0-009
0-009
0-010
0-010
0-011
0-011
0011
0-011
0-011
0-010

Growth Total
per food
period. per
period.
Lth. Wt (zm)
{em.)  (gm.)
04 80 387
1-0 10-5 645
09 110 61-5
03 50 415
05 48 44-3
06 87 47-8
TasLe 26 :
0-7 52 26-6
11 68 391
1-0 78 424
08 50 38-3
06 37 379
nil 1-8 164
nil - 3-7 11-3
-01 05 113
0-2 - 52 327
TasLE 27 :
01 05 145
01 33 263
0-5 27 315
02 32 277
05 53 318
05 35 359
02 25 240
0-1-03 276
-1 -2-6 138

TaBLE 25: B5.

BEN DAWES.

Gm, of
food
per
1-0 gm.
increase
in
weight
of fish,

TepagE
[ 3 N ]

|

,_.
L@ sTagg o
SR TR

e
ol

l

5]

—
80 e 00k 00 D

—
SHWoON-1o D

[ ]

we
e~

us)
=

No. of
days
in
period.

14
14
14
14
16
15

14
14
14
14
16
15
15
15
16

14
14
14
14
14
16
15
15
15

Average

food Percent

per day

during
each

period.
(gm.)

2:76
4-61
4-39
2:96
277
3:12

1-04
1-88
2-25
1-98
2-28
2-24
1-60
1-84
0-92

age

growth to date

in wt.

23-2
247
20-

| e i
S ool

l

ot

Al Sl

—
W bD L W O 00 0

[

- Total
food

(gm.)

39
103
165
206
250
298

27

66
108
146
184
201
212
232
256

14
41
72
100
132
168
192
219
233

PR == OO0 O
LD D e 0D o] LS

Cumulative
growth.
Lth. Wit.
{em.)  (zm)
0-4 8:0
1-4 185
2.3 295
2.6 345
31 393
37 480
0-7 52
1-8 120
2-8 19-8
36 248
4.2  28-5
4.2 303
42 266
41 27-1
43 219

18-5



Fish

No.

M1

M2

M3

M4

Sex.

TABLE 28.

SUMMARISED DATA CONCERNING MAXIMUM REQUIREMENTS AND GiROWTH IN MALE
AND FEmarLe (M) Praice.

Average

weight

Initial Final Total of food

size. size. Growth. Period. Days food per day

in per the  for the

Lth. Wt. Lth. Wt. Lth. Wt. Period. period.  period.
(em.) (gm.) (em.) (gm.) (¢m.) (gm.) From To (gm.) (gm.)

15-4 34-0 213 1177 59 837 12:5  6:11 178 987 5b

15-0 337 19-6 79-7 46  46-0 2:6 6:11 157 655 4-1

15:0 35-0 194 82-4 44 474 14:5 6:11 176 900 51

13-4 23-3 17-6 59-2 42 359 14:5  6:11 176 718 4-4

Gm. of

food per
1:0 gm.

Increase
in weight

of fish.

11-8

14-7

19-0

217

"HOIVId NI HONVNHINIVI NV HLMOYD

LZ6



928 BEN DAWES.

Date.
(1930)

May 12

Ll 2]'
Sept. 20
Oct. 6

w23
Nov. 6

TABLES 29 axp 30.

Maxmmum REQUIREMENTS AND GrowTH oF MarLe (M) Praick.

TasLE 29: MI.
Gm. of
food
Der Average
1-0 gm. food Percent- Total
Size Growth Total increase No.of perday age food
of wt./ per food in days during growth to date
flsh. /Lth.? period. per weight in each  in wt.
period.  of fish., period. perind.
Lith. Wt. Lth. Wt. (gm.) (gm.) (gm.)
(em.)  (gm.) fem ) (gm.)
154 340 0009 — — — — — — - - —_
15-8 41-5 0-009 04 75 50-2 6-7 14 36 221 50
16-8 49-8 0-010 1-0 83 64-1 77 14 4-6 200 114
17-0 507 0-010 0-2 09 65-6 729 14 4-7 1-8 180
17-5 61-0 0-011 056 103 1576 153 14 11-2 203 337
17-9 650 0-011 04 40 81-4 20-4 14 58 6-6 419
18:5 740 0-012 06 90 76-4 85 16 48 138 495
19-3 850 0-012 0-8 11-0 82-5 75 15 55 149 578
200 896 0011 07 46 1425 31-0 30 47 2x 720
20-4 1022 0-012 0-4 12-6 92-0 7-3 16 58 141 812
20-7 102-0 0-012 0-3 -0-2 91-0 — 17 54 — 903
21-3 1177 0-012 0-6 157 84-0 54 14 60 154 987
TasLe 30: M2.
150 337 0-010 —_— —_ — —_ — — —
15-0 319 0-009 nil - 1-8 15-7 — 7 2-2 —_ 16
151 334 0-010 01l 15 38-2 25-4 14 2.7 47 54
155 360 0-010 04 26 66-3 255 14 47 78 120
157 40-0 0010 02 40 56-7 14-2 14 41 111 177
16-4  44-7 0-010 07 47 69-2 14-7 16 43 117 246
169 490 0-010 05 43 60-0 14-0 15 4-0 9-2 306
17-8 574 0-010 09 84 111-8 13-3 30 37 2x 418
183 622 0010 05 48 86-4— 180 16 54~ 84 504
190 714 0-010 07 92 780 85 17 4-6 148 582
19-6 797 0-011 0-6 8§83 72-0 87 14 51 116 654

GO O3 CO D BD e D
B SH DG DR

BRROREEROOE |
PO 00D ] O —

Cumulative
growth.

Wt.

(gm.)

7-5
15-8
16-7
27-0
31-0
40-0
51-0
55-6
68-2
68-0
83-7



Date.
(1930)

May 14

» 26
June 9
J,l;ly 7
.5:1,1g. 6

S:pt. 20
Oct. 6

\:;J‘- 6

GROWTH AND MAINTENANCE IN PLAICE. 929

TABLES 31 axp 32.
Maximum REQUIREMENTS AND GROWTH OF FEMALE (M) Praice.

TaBLE 31 : M3.

Grm. of
per Average
1-0 gm. food  Percent- Total

Size Growth Total increase No.of perday age food

of wt./ per food in days during growth todate Cumulative

fish. /Lth.? period. per weight in each in wt. growth.

period. of fish. period. period.
Lth. Wt. Lth. Wt. (gm.) (zm.) (zm.) Lth. Wt.
lem.)  (gm) fem.)  (gm.) lem.)  (gm.)
150 350 0-010 —_ = vt —_ —_ — _— = = e
151 348 0-010 01 -0-2 36-0 — 12 30 - 36 01 -02
155 398 0-011 04 50 55-7 11-1 14 40 144 92 0-5 4-8
16-4  48-8 0-011 09 90 756 84 14 54 226 167 1-4 138
168 51-2 0-011 04 24 1539 641 14 11-0 4-9 321 1-8 16-2
17-2 590 0-011 04 78 839 10-8 14 60 152 405 2.2 240
17-6  61-0 0-011 04 20 737 36-8 16 4-6 34 479 26 26-0
180 650 0-011 04 40 63-5 15-9 15 4-2 6-6 542 30 300
186  69-6 0-011 06 46 1193 259 30 4-0 2x 662 36 346
188 740 0011 02 44 88— 200 16 a5 63 750 38 390
19-0 76-2 0-011 02 22 780 355 17 4-6 30 828 40 412
19-4 824 0-011 04 62 720 11-6 14 51 8-1 900 44 474
TaBLE 32: M4.

134 233 0010 — — = — = — —
13-6 25-2 0010 02 19 390 205 12 32 81 39 0-2 1-9
142 280 0-010 0-6 28 574 20-5 14 41 111 96 0-8 4-7
14-3  28-7 0-010 01 07 72-3 1033 14 52 2-5 169 0-9 54
147 31-8 0010 04 31 70-6 228 14 50 108 239 1-3 85
150 365 0010 03 47 54-5 11-6 14 39 148 294 1-6 132
151 36:0 0010 01-05 60-4 - 16 38 — 354 -7 129
158 442 0010 07 82 68-5 84 15 46 228 423 24 209
16-8 506 0011 1.0 64 1175 18-4 30 39 2x 540 34 273
17-0 526 0011 02 20 875- 437 16 55 40 628 36 293
173 542 0011 03 16 780 487 17 46 30 706 39 309
176 592 0011 03 50 728 14-6 14 52 92 1778 42 359



TABLE 33.

SUMMARISED DATA CONCERNING GROWTH AND INTERMEDIATE FoopD SUPPLIES IN MALE
AND FemaLe (I) Praice.

Average  Gm. of
weight  food per

Initial Final Growth. Total of food 10 gm.
Fish Sex. size. size, Period. Days food per day  increase
No. in per the  for the in weight
Lith. Wt. Lth. Wt. Lth. Wt. Period.  period.  period. of fish.
(cm.) (gm.) (cm.) (gm.) (em.) (gm.) From To (gm.) {gm.)

Il 3 15-7 337 19-2 657 35 320 13:6  6:11 146 217 1-5 6-8

12 38 15-0 32-0 17-6 56-0 26 240 12:5  6:11 178 2H2 1-4 10-5

13 ? 12-8 20-3 17-6 59-5 48 392 14:5  6:11 176 247 1-4 6-3

I4 Q 14-9 32-0 18-3 67-4 34 354 18:6  6:11 141 208 1-5 59

0¢6

SHMAVA NHA



Date.
(1930)

June 13

May 12

GROWTH AND MAINTENANCE IN PLAICE.

TABLES 34 anxp 35.

INTERMEDIATE RaTioNs AND GrowTH oF MaLe (I) Prarce.

Bize
of
fish,

Lth.
(em.)
15-7
159
16-3
16-5
17-1
17-7
18-2
18-8
19-1
19-2

15-0
152
15-2
15-9
16-2
16-2
16-3
16-6
17-1
17-4
17-6
17-6

Wt.
(gm.)
337
36-3
39-3
435
480
520
576
64-3
64-7
65-7

W./

[Lth.?

0-009
0-009
0-009
0-009
0-009
0-009
0-010
0-010
0-010
0-010

0-009
0-009
0-009
0-010
0-010
0-010
0-010
0-010
0-010
0-010
0-010
0-010

TasLe 34 : II.

Growth Total
per food
period, per
period.
Lth, Wt (gm.)
fem.)  (gm.)
02 26 12-8
04 30 140
02 42 17-6
06 45 26-0
06 40 240
05 56 480
06 67 320
03 04 250
01 10 180
TarLE 35 :
02 1.7 147
nil - 2-7 13-8
o7 78 13-7
03 10 140
nil 22 16-3
01 20 26-0
03 28 235
05 42 48-0
03 36 320
0-2 08 256
nil 06 24-2

LIS 0P U
= T A

=

| Z1

-

Ll —_
0 O opia] il
[ = O S I e ¢

S¥e

increase No.of perday
days

in

period. period.
{

10
14
14
16
15
29
17
17
14

14

14
14
14
16
15
29
17
17
14

:

——
oS ewdaa

—
e R R =R =Y SR

Y EEEEEET

il e

o

i e e o
=T Qo =TCnh

WH@CQL@;%W@QI|
mENpeaaEd| g
—asr RS ae~] &

Total
food
todate Cumulative
growth.

(zm.) Wt.
(gm.)
13 02 26
27 0-6 56
44 0-8 9-8
70 1.4 143
94 20 183
142 26 239
174 31 306
199 34 310
217 35 320
15 0-2 1-7
28 02 -1-0
42 0-9 6-8
56 1-2 7-8
72 1.2 100
98 13 120
122 1-6 148
170 2-1 19-0
202 24 22:6
228 2-6 234
252 26 240



932 BEN DAWES,

TABLES 36 axp 37.
INTERMEDIATE RATIONS AND GROWTH OF FEMALE

TaBLE 36: I3.

Gm. of
food
per Average
1-0 gm, food
Size Growth Total increase No.of perday
of Wt/ per food in davs  during
fish. /Lth.?* period. per weight in each
Date. period.  of fish. period. period.
(1930) Lth. Wt. Lth. Wt. (gm.) (gm.)
fem.)  {gm.) fem.)  (gm.)

1
l
l
|

May 14 128 203 0010 —

. 26 128 213 0010 nil 10 1009 1009 12 091
June 9 132 235 0010 04 22 112 51 14 080
- 23 137 260 0-010 0-5 25 11-2 45 14 0-80
July 7 139 280 0-010 02 240 11-2 56 14 0-80
. 21 144 3255 0011 05 45 170 38 14 121
Aug. 6 150 378 0011 06 53 260 49 16 162
. 21 157 4320 0011 07 52 235 45 15 157
Sept.19 166 500 001l 09 70 480 69 20 166
Oct. 6 171 561 0011 05 61 320 52 17 1.88
- 23 175 588 0-011 04 27 28-3 10-5 17 1-70
Nov. 6 176 595 0011 01 07 280 400 14 200
TaBLE 37 : I4.
June 18 14-9 320 0010 — — o — —
.23 149 309 0010 nil —1-1 1-7 — 5 034
July 7 151 340 0010 02 31 139 45 14 099,
. 21 154 395 0010 03 55 173 31 14 124
Aug. 6 159 420 0010 05 25 260 104 16  1-62
s 21 165 480 0010 06 60 240 40 15 160
Sept.19 172 553 0011 07 73 480 66 20 166
Oct. 6 177 627 0011 05 74 303 41 17 178
. 23 181 653 0011 04 26 282 108 17  1-66
Nov. 6 183 674 0011 02 21 185 88 14 132

et e et

—
R E SISO

1o Go b M oG- 1S Os

(I) Praick.

Percent- Total
food
growth to date

(Em.)

11
22
33
11
61
87
111
159
191
219

247

16
33
59
83
131
161
189
208

B 82 8D 10 e
00 =1 &8 00 WD 1o O = o
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o
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CILIEDED = e D

Cumulative
growth.

Wt.
(gm.)

D000 b =T Y ST T a8
[ e R G O
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BD b

e B &

7]
88
w

354



Date
(1930)

s 17
s 3l
April 14
28

Jan. 6
o 20
Feb. 3
o 17
Mar. 3
o 17
. 31
April 14
5 28

- 31
April 14
. 28

Dara ¥roM JANUARY—APRIL EXPERIMENTS 0N MAINTENANCE

Size
of fish,

Lth.
fem.)

17:6

(S0 S B SU B Bl S S Y
© Gk b b bt b e
= e

189
189
130
190
19-2
19-5
19-7
19-9
20-0

22-7
22.7
22-7
22-7
22.7
22-7
227
227
227

Wt.
(zm.)
528
50-5

o
=]
(2]

=1 B e ey R R
S e 00 D o D I

B D

PHEeHOOIR®
ShSsdhdso

=1 00 =] 00 =1 =] =] =J =]

oo
oo e
oS o

e 1S g
LD = D Q0D

=] =] =] =] =] =]

103-4
101-2
101-1
102-4
101-5
100-2

99-9
100-4

97-6

GROWTH AND MAINTENANCE IN PLAICE.

Growth
DET

period.

Lth.
{em.)
nil
nil
nil

0-1

- 01

0-1
nil
nil

nil
nil
nil
nil
nil
nil

nil

nil
nil

Wt.

| E

I

I

oo =2 =S
0o Ot Go Ge D T2 - kD

QSO
teS oo adsds

R R
wrz-ad =g

SRRSO
S b S 00 Lo ED B

TABLES 38-41.

(LympsTONE).

TasLE 38: Llw (3).

Weight No. of

of food  days
per in
period, period.
(gm.}
57 14
6-1 14
8-5 14
126 14
98 14
10-5 14
10-5 14
10-1 14
TasLE 39 :
10-9 14
10-8 14
13-6 14
156 14
15-4 14
13-5 14
154 14
14-3 14
TasLE 40 :
9-0 14
6-0 14
16-1 14
18-0 14
14-0 14
13-1 14
10-4 14
9-9 14

TaBLE 41 :

13-5
12:0

89
11-4
10-3
11-4
11-9
11-8

14
14
14
14
14
14
14
14

Ratio of
food per
Average day/
weight [average
of food body-wt.
per day, for
(Em.) period.
0-41 0-008
0-44 0-009
0-61 0-012
0-90 0-018
0:70 0-014
0-75 0-015
0-75 0-014
0-72 0-014
Liw (3).
0-78 0-010
077 0-010
0-97 0-011
1-11 0-014
1-10 0-014
0-96 0-012
1-10 0-014
1-02 0-013

L5w (9).

0-009

0-64

0-43 0-006
115 0-016
1-29 0-017
1-00 0-013
0-93 0-012
0-75 0-010
0-71 0-009

0-96 0-009
0-86 0-009
0-64 0-006
0-81 0-008
074 0-007
0-81 0-008
0-85 0-008
0-84 0-009

Total
wt. of
food
to date.
{gm.)

57

10-9
21-7
353
50-9
64-3
79-8
95-2
109-5

9-0
150
3141
49-1
63-1
761
86-6
96-5

No. of
days
since
com-

mence-

ment of
expt.

14
28
42
56
70
84
98
112

14
28
42

70
84
98
112

112

14
28
42
56
70
84
98
112

933

Cumulative
growth,

Lth. Wt.

(en. (gm.)
nil —-2:3
nil -2-6
nil -1-9
01 =10
nil -1-8
01 -10
0-1 nil
01 -12
nil -1-9
nil -1-2
nil 0-6
nil 0-5
nil 2-5
nil 0-8

-02 30

- 02 0-2
nil -0-2
01 nil
0-1 33
0-3 6-1
0-6 6-5
0-8 81
1-0 9-3
1-1 84
nil - 2-2
nil -2-3
nil —1-0
nil -1-9
nil - 32
nil - 35
nil - 3-0
nil 58



TABLE 42.

SUMMARISED DaATA CONCERNING MAINTENANCE REQUIREMENTS OF MALE AnD FemALE PLAICE DURING

Fish

No. Sex.
L1 3
Lib g
L5 )
L7 ?

Lth.
(em.)

17-0
17-6

20-8
211

18:5
18-9

22-3
227

1929 axp 1930 (Jan.—APpriL), (PARTLY FroM MY PREVIOUS PAPER).

Initial
size.

Wt.
(gm.)
5H0-3
H2-8

751
78:8

62-8
69-8

104-8
1034

Lth.
(em.)

17-6
177

21-0
209

18:6
20:0

297

e

22:7

Final
size.

Wt.

(gm.)
h4-1
b1-6

76-9
790

66-9
782

100-6
97-6

Growth.
Lth. Wt.
(em.)  (gm.)

0:6 3-8
01 —12
0-2 1-8
—0-2 0-2
0-1 41
1-1 84
04 —43
nil —5-8

From

22:8

30:9

M
©

Period.
To
26341
28 : 4

25:11
28:4

25:11
28 : 4

No. of
days
in
period.
95

112

56
112

109
112

Ratio
Average  Food per
quantity day/

of food [mid
per day  body-
for period. weight

for period.
0-90 0017
0-58 0011
1-11 - 0-015
0-98  0-012
0-88  0-014
0-86  0-012
1-32  0-013
0-81  0-008

Year.

1929
1930

1929
1930

1929
1930

1929
1930

7E6

NHE

BHMYVA



TFish
No.
LIW
Ldw
Lbow

LTw

Liow
L12w
L13w

L1bw

SUMMARISED DATA SHOWING MAINTENANCE REQUIREMENTS DURING JANUARYV-APRIL oF MALE
AND FEMALE, ““ MINIMUM-FED ” AND “ MAXIMUM-FED ~’ PLAICE.

Sex.

0 40 o 04

O 0 oy Oy

Lth.
{e.m)

17-6

211

189

227

Initial
size.
Wit.
(gm.)

52-8

78-8

69-8

1034

1172

1053

68-3

1327

Lth.
(em.)

177

21-1

19-2

227

23-1

22:0

19-2

23-2

Final
size.
Wi,
(gm.)

51-8
79-3
75-9

101-5

1125
101-7
663

130-3

TABLE 43.

Growth.
Lth. Wt.
(em.)  (gm.)
01 —1-0
nil 05
0-3 61
nl  —1-9
nil  —4-7
nil  —3-6
nil  —2:0
01 —24

From

0

6:

1

1

01

Period

To

3

3t

3

3

No. of

days
in

period.

56

b6

56

b6

H6

56

56

56

Ratio

Average TFood per

quantity
of food
per day

for period.

0-61
091
0-88

0-67

0-02

0-01

0-02

0-02

day/

[mid

body-
weight

for period.

0-012

0-012

0-012

0-007

4

0-000

0-000

0-000

r

3

0-000 |

Mini-
MUM
Fism.

Maxr-
MUM
FisH.

"HOIVId NI HONVNHEILNIVIW NV HLMOYD

GE6



936 BEN DAWES.

TABLES 44-47.

Maxmvum REQUIREMENTS oF MALE axD FEmALE PrLatcr
(Jax.—AprIL).

TaBLe 44: L10w (3).

Gm. of
food
per Average
1-0 gm. food Percent- Total
Hize Growth Total inerease No.of perday age food
of Wt/ per food in days  during growth todate  Cumulative
fish. /Lth.? period. per weight in each in wt. growth,
Date. period.  of fish. period. period,
(1930) Lth. Wit. Lth. Wt {&m.) {gm.) (gm.) Lth. Wit.
fem.)  {gm.) fem.)  {gm.) {em.)  {gm.)
Jan. 6 231 117-2 0-010 —_ = = — ez —_ = —_ o —_
5i 20 231 1125 0-009 nil - 4.7 70 — 14 0-50 — T nil - 47
Feb. 3 23-1 111-0 0-009 nil - 1-5 1.2 — 14 0-09 — 8 nil - 62
55 17 23-1 1102 0-009 nil - 0-8 1-5 —_— 14 011 —- 10 nil - 70
Mar. 3 231 1125 0-0049 nil  2-3 12-3 53 14 0-88 21 22 nil - 4.7
S 17 23-3 118-0 0-009 0-2 55 374 6-8 14 267 4-9 59 0-2 0-8
31 235 1238 0009 02 58 464 80 14 331 4-9 106 0-4 6-6
Aprll 14  23-7 1293 0-009 0-2 55 556 10-1 14 397 4-4 162 0-6 121
" 28 23-7 1282 0-009 nil - 1-1 625 — 14 4-46 — 224 0-6 11-0
TasLe 45: L12w (3).
105-3 0-010 — == = — — — = = — —
102-1 0-010 nil - 3-2 0-1 — 14 0-01 — nil nil - 32
100-4 0-009 nil — 17 01 — 14 0-01 —_ nil nil - 49
100-0 0-009 nil - 0-4 0-4 — 14 0-03 — 1 nil =53
101-7 0-010 nil 1.7 10-5 62 14 075 1-7 11 nil - 3-6
103-7 0-010 nil 20 37-9 16-9 14 2-71 2-0 49 nil - 16
103-6 0-010 nil - 0-1 15-8 — 14 1-13 — 65 nil - 1-7
103-0 0-010 nil - 0-6 17-3 — 14 1-24 — 82 nil -2-3
111-5 0-010 0-3 85 27-3 3-2 14 1-95 82 109 0-3 6-2
TaBLE 46 : L13w (9)

Jan. 6 192 683 0010 — — — - - —— - — - e
vy 20 192 66-3 0-009 nil - 2:0 0-9 —_ 14 0-06 et 1 nil - 2-0
Feb, 3 19-2 650 0-009 nil - 1-3 1-0 — 14 0-07 —_ 2 nil - 33
- 17 19-2 640 0-0049 nil - 10 1-8 == 14 0-13 - 4 nil - 4-3
Mar., 3 192 663 0009 nil 23 12:6% 55 14 0-90 36 16 nil - 2.0
55 17 193 715 0-010 01 52 35-1 6-7 14 2-51 78 51 0-1 3-2
S 31 19-5 740 0-010 02 25 40-1 16-1 14 2-87 35 92 0-3 57
April 14 19-5 955 0-010 nil  1-5 429 286 14 3-06 20 135 03 7-2
s 28 19-8  B0-8 0-010 03 53 47-5 9-0 14 3-39 70 182 0-6 12:5
TasLe 47: L15w (9).

Jan., 6 1327 0-011 —_ — —_ — — i e = o sty
& 20 129-5 0-011 nil - 3-2 30 —_ 14 021 — 3 nil - 32
Feb. 3 128-0 0-010 01 -1-5 0-9 — 14 0-06 - 4 01 — 47
3 17 126-0 0-010 nil — 2-0 1-2 — 14 0-09 o B 01 -67
Mar. 3 1303 0-010 nil  4-3 12-5t 2-9 14 0-89 34 18 01 -24
i 17 135-1 0-010 03 48 39-4 8-2 14 2-81 37 a7 0-4 2-4

31 138-8 0-011 nil 37 45-1 12-2 14 3 2.7 102 0-4 6-1

Apul 14 152-4 0-012 nil 136 43-6 32 14« 311 9-8 146 0-4 19-7

- 28 128-8 0-010 0-2-23-61 466 — 14 3-33 — 192 06 -39
* May be 10-3. 1 daily ration of doubtful value. t May be 10-4. See footnotes to Table 46.

1 Bpawned during this period.



GROWTH AND MAINTENANCE IN PLAICE. 937

TABLES 48-51.
MAINTENANCE REQUIREMENTS 0F MALE PLAICE.

TasLE 48: L1.

Ratio of No. of
food per days
Growth Weight No.of Average day/ Total since
Size per of food days weight Javerage wt. of com- Cumulative
Date of fish, period, per in of food body-wt. food mence- growth
(1930) period. period. per day. for to date. ment of
Lth. Wt. Lth. Wit. (gm.) (.} period. (Zm.) expt. Lth. Wt
fem.)  (gm.) (cm.) (gm.) (em.) (gm.)
May 12 17-9  62-2 —_ e —_ — — o — —_ e e
T 180 595 0-1 2.7 65 14 0-47 0-008 65 14 01 -27
June 9 180 599 nil 0-4 9-9 14 0-71 0-012 164 28 01 -23
. 2B 180 59-3 nil — 06 9-9 14 0-71 0-012 26-3 42 01 -29
July 7 180 590 nil -0-3 10-6 14 076 0-013 36-9 56 01 -32
» 21 180 573 pil -1.7 10-6 14 0-76 0-013 47-5 70 01 -49
Aug. 4 180 577 nil 0-4 12-4 14 0-89 0-015 599 84 01 -45
» 18 180 580 nil 03 122 14 0-87 0-015 721 98 01 -4-2
Sept. 1 180 565 nil -1-5 11-6 14 0-83 0-0156 83-7 112 01 -57
5 15 18-0  56-8 nil 0-3 19-7 14 141 0-025 103-4 126 01 -54
» 20 181 571 0-1 0-3 12.7 14 0-91 0016 1161 140 02 -51
Oct. 13 18-1  56-1 nil - 1-0 126 14 0-90 0-016 128-7 154 02 -61
» 27 181 559 nil -02 13-7 14 0-98 0-017 142-4 168 02 -63
Nov. 10 181 575  nil 1-6 13-9 14 0-98 0-017 156-3 182 02 —4.7
» 24 181 592 il 1-7 12-3 14 0-88 0-015 168-6 196 02 -30
TanLe 49: L2.

May 26 20:0 650 — — - — — — — — — ——
June 9 200 648 nil -02 119 14 0-85 0-013 20-2 14 nil -0-2
o 23 200 64-3 nil - 0-5 119 14 0-85 0-013 32-1 28 nil -07
July 7 20-0 622 nil -2.1 12-6 14 0-90 0-014 447 42 nil - 2-8
w2l 20-0 601 nil —2-1 14-2 14 1-01 0-017 58-9 56 nil  —4-9
Aug. 4 200 602 nil 0-1 171 14 1-22 0-020 76-0 70 nil - 4-8
» 18 200 61-2 nil 10 16-9 14 1-21 0-020 92-9 84 nil - 3-8
Sept. 1 200 600 nil -12 16-0 14 1-14 0-019 108-9 98 nil - 50
o 15 20-2  62-6 0-2 26 25-8 14 1-84 0-028 134-7 112 02 -24
w29 20-2  63-8 nil 1:2 14-2 14 1-02 0-016 148-9 126 02 -1-2
Oct. 13 20-2 651 nil 1-3 12-9 14 0-92 0-014 161-8 140 0-2 0-1
» - 27 202 695 nil 4-4 11-6 14 0-83 0-012 1734 154 0-2 45
Nov. 10 202 703 nil 0-8 73 14 0-52 0-008 180-7 168 0-2 5-3
o 24 20-2 T70-1 nil - 02 66 14 0-47 0-007 187-3 182 0-2 51

NEW SERIES.—VOL. XVII. Xo. 3. OCTOBER, 1931. >



938 BEN DAWES.

TasLE 50 : L3.

Ratio of No. of
food per days
Growth Weizht No, of Average day/ Total since
Size per of food  days weight /average  wt. of com- Cumulative
Date of fish. period. per in of food body-wt. food mence- growth,
(1930) period.  period.  per day. for to date. ment of

Lth. Wt. Lth. Wt. (gm.) (gm.) period. (gm.) expt. Lth. Wt.

lem.)  (gm.)  (em.) (gm.) (em.) (Em.}

May 12 215 903 — — @ — — s s ey e YIS
s 26 21-6 835 nil - 6-8 54 14 0-39 0-004 54 14 nil - 68
June 9 21.5 824 @il -1-1 125 14 0-89 0-011 17:9 28 nil -79
» 23 216 81-1 nil -1-3 15-1 14 1-08 0-013 330 42 nil -92
July 7 215 811 nil nil 16-5 14 1-18 0-014 49-5 56 nil -92
s 21 21-5 791 nil =20 165 14 1-18 0014 66-0 70 nil - 11:2
Aug. 4 215 798 nil 07 18-5 14 1:32 0-017 845 54 nil - 10-5
o 18 215 787 nil -1-1 179 14 1-28 0-016 102-4 98 nil -11-6
Sept. 1 215 778 nil - 09 180 14 1-29 0017 120-4 112 nil - 12:5
» 18 215 775 nil -0-3 21-2 14 1-51 0-019 141-6 126 nil —-12-8
w29 21-6 744 01 —-31 14-4 14 1-03 0-014 156-0 140 0-1 - 159
Oct. 13 21-6 751 nil 0-7 14-8 14 1-06 0-014 170-8 154 01 —-152
27 21:6 755 nil 0-4 14-1 14 1-01 0-013 184-9 168 01 - 14-8
Nov. 100 216 76-3 nil 0-8 12-6 14 0-90 0-014 1975 182 01 - 140
» 24 2146 786 nil 2:3 11-8 14 0-84 0-011 209-3 196 01 -11-7

TasLe 51: L4 (a and b).

(a)
May 12 185 655 — = —_ - — — — — — —
. 26 185 648 nil -07 7-6 14 0-54 0-009 76 14 nil -0-7
June 9 185 638 nil -1-0 87 14 0-62 0-010 16-3, 28 nil -7
» 23 185 622 nil -1 9-9 14 0-71 0-011 26-2 42 nil -3-3
July 7 185 621 nil -0-1 115 14 0-82 0-013 377 56 nil - 34
,» 21 185 625 nil o4 11-5 14 0-82 0-013 49-2 70 nil - 30
Aug, 4 186 646 01 21 120 14 0-86 0-014 61:2 84 01 -09
» 18 186 635 nil -1-1 99 14 071 0-011 71-1 98 01 —-2-0
Sept. 1 187 630 01 —05 111 14 0-79 0-012 82-2 112 02 -2-5

(b)
Sept. 15 24-4 1496 — — — —— — - —_ — — —
» 29 244 1428 nil -68 94 14 0-67 0-005 94 14 nil - 68
Oct. 13 244 1451 il 23 154 14 1-10 0-008 24-8 28 nil —4-5
» 27 244 1472 nil 2-1 132 14 0-H4 0-006 380 42 nil -24
Nov. 10 246 1472 02 il 12.2 14 0-87 0-006 . 50-2 56 02 -24
s 24 247 1495 01 23 123 14 0-88 0-006 62-5 70 03 -0-1



TABLE 52.

SUMMARISED DATA : MAINTENANCE REQUIREMENTS OF MALE PLAICE.

Fish
No. Lth.
(em.)
L1 17-9
L2 20-0
L3 21-5
(a) 185
14
(b) 24-4

Initial
size.

Wt.
(gm.)

62-2

65-0

90-3

Lth.
(em.)

181

20-2

216

18-7

24-6

Final

sire.

Wt.
(gm.)

57-5

70-3

76-3

63-0

147-2

Growth.
Lth. Wt.
(cm.) (gm.)
02 —4-7
02 53
01 —14-0
0-2 —2:b
0-2 —2:4

Days
in
period.

182

168

182

112

Average
weight
of food

per day.

(gm.)
0-86

1-03

1-09

0-74

0-89

Ratio
I'ood per
day/
[mid
body-
weight

for period.

0-015

0-015

0-013

0-012

0-006

‘HOIVIA NI HONVNHLNIVIHW ANV HLMOYH
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940 BEN DAWES.

TABLES 53-56.
MAINTENANCE REQUIREMENTS OF FEMALE PralcE.

TABLE 53 : Lb5.

Ratio of No. of
food per days
Growth Weight No.of Average day/ Total since
Bize per of food  days weight javerage  wt. of com- Cumulative
Date of fish. period. per in of food body-wt. food MENnce- growth.
(1930) period, period. per day. for to date. ment of
Lth. Wt. Lth. Wit. (gm.) (gm.) period. (zm.) expt. Lth. Wt.

(em.)  (gm.) {em.) (gm.) (em.)  (gm.)

May 12 147 289 — — - — — — — — — —
5 20 147 286 nil -0-3 5-2 14 0-37 0-013 52 14 nil -0-3
June 9 147 278 nil -08 70 14 0-50 0-018 12:2 28 nil -1-1
i 147  26-6 nil -1-2 7-8 14 0-56 0-021 20-0 42 nil -2-3
July 7 147 257 nil -09 9-9 14 0-71 0-027 29-9 56 nil -32
1 | 147 253 nil -04 11-5 14 0-82 0-032 41-4 70 nil - 3-6
Ang. 4 147 257 nil 0-4 12:0 14 0-86 0-034 534 84 nil - 3-2
- 18 14-7 259 nil 0-2 11-8 14 0-84 0-033 65-2 98 nil - 3-0
Sept. 1 147 26-0 nil 0-1 11-6 14 0-83 0-032 76-8 112 nil -29
» 1D 14-7  26-1 nil 0-1 16-2 14 1-16 0-045 93-0 126 nil - 2-8
o 29 147 258 nil -03 11-0 14 0-79 0-031 1040~ 140 nil —3-1
QOct. 13 147 277 nil 1-9 14-2 14 1-01 0-038 118-2 154 nil -1-2
o 27 14-8  28-7 01 1-0 123 14 0-88 0-034 130-5 168 01 -02
Nov. 10 148 291 nil 0-4 11-2 14 0-80 0-028 141-7 182 0-1 0-2
» 24 149 313 01 2-2 10-9 14 0-78 0-026 152-6 196 0-2 2.4

TasrLe 54 : L6 (a and b).

(a)
May 12 180 699 — — — — — — — - -
w26 180 629 nil - 70 6-1 14 0-44 0-007 6-1 14 nil -7-0
June 9 18-0 61-3 nil - 16 10-7 14 0-76 0-012 16-8 28 nil - 86
» 23 180 598 nil -1-5 11-8 14 0-84 0-014 28-6 42 nil - 10-1
July 7 180 61-1 nil 1-3 14-0 14 1-00 0-017 42-6 56 nil - 88
» 21 180 622 nil 1-1 124 14 0-89 0-013 550 70 nil -7-7
Aug. 4 180 63-8 nil 1-6 120 14 0-86 0-014 67-0 84 nil -6-1
» 18 180 653 nil 1-5 10-5 14 0-75 0-012 775 98 nil - 4-6
Sept. 1 180 646 nil -07 7-5 14 0-54 0-008 85-0 112 nil -53

(b)
Sept. 29 173 562 — oA — — o s — — - -
Oct. 13 174 602 01 4-0 8-5 14 0-61 0-010 85 14 0-1 4-0
» 27 176 643 02 41 4-6 14 0-33 0-005 13-1 28 0-3 81
Nov. 10 177 649 0-1 0-6 0-5 14 003 -— 13-6 42 0-4 87
» 24178 677 01 2-8 30 14 0-21 0-003 16-6 6 0-5 115



May
June
TJuly
Aug.
Szpt.

2

Oct.

2

Nov.

Size

of fish.

Lth.
(em.)
18-0
I8-1
18-1
18-1
18-1
18-1
18-1
182
18-2
18-2
18-2
18-2

18-8
18-8
18-8
18-8
18-8
18-8
18-8
18-8
18-8
18-8
189
189
18-9
18-9
18-9

Wt.
(gzm.)

[ e N

mmg
D e O R 5 <]
SErsretors i

o1t SR M

(=0 N N N ]
QO OO bt ol et ]

GROWTH AND MAINTENANCE IN PLAICE.

Growth

per
period.
Lth. Wt.
(cm.)  (gm.)
01 -1-4
nil 0-3
nil 0-7
nil —0-2
nil -0-1
nil 1-4
0-1 nil
nil nil
nil 1-0
nil 0-2
nil 0-6
nil nil
nil -59
nil 0-4
nil - 05
nil 17
nil 0-1
nil 0-4
nil nil
nil 17
0-1 0-4
nil nil
nil nil
nil 0-7
nil 2-0

TaBLE 55: L7.

Weight No. of
of food  days
per in
period. period.

(zm.)

11-2 14
12:6 14
12-6 14
9.9 14
10-1 14
19-4 14
88 14
81 14
81 14
71 14
7-0 14
TaBLE
79 14
87 14
14-8 14
146 14
15-1 14
13-4 14
13-4 14
130 14
193 14
11-2 14
87 14
87 14
87 14
80 14

Average
weight
of food

per day.

(gm.)

0-80
0-90
0-90
071
0-72
1-39
0-63

SISO I S
ummm%wwwwcoamu!
ERIEIBRIESD

I S B B

Ratio of
food per
day/
/average
body-wt.
for
period.

0-014
0-016
0-016
0-012
0-012
0-024
0-011
0-010
0-010
0-008
0-008

0-010
0-012
0-021
0-020
0-021
0-018
0-018
0-018
0-026
0-014
0-011
0-011
0-011
0-010

Total
wt. of
food
to date.
(gm.)

11-2
23-8
36-4
46-3
56-4
75-8
84-6
92-7
100-8
107-9
114-9

79
16-
31-4
46-0
61-1
745
87-9

100-9
120-2
131-3
140-9
148-7
157-4
165-4

No. of
days
since
com-

mence-

ment of
expt.

14

14
28
42
56
70
84
98
112
126
140
154
168
182
196

941

Cumulative
growth.
Lth. Wt.
(em.)  (gm.)
01 -14
01 -1-1
01 -04
01 -06
01 -07
0-1 0-7
0-2 0-7
0-2 0-7
0-2 1-7
0-2 1-9
0-2 2-5
nil nil
nil - 59
nil - 55
nil - 60
nil -4-3
nil -4-2
nil -3-8
nil -38
nil - 2-1
01 -1
01 -149
01 -1-7
01 -1-0
0-1 1-0



TABLE 57.

SUMMARISED DATA : MAINTENANCE REQUIREMENTS oF FEMALE PralcE.

Fish
No. Lth.
{em.)
L5 14-7
(a) 18-0

L6
(b) 17-3
L7 180

L8 18-8

Initial

size.

Wt.
(gm.)

28-9

69-9

56-2

Ut
o
&

b6-8

Lth.
(em.)

14-8

18-0

17-7

18-2

18-9

Final
size.

Wt.
(gm.)

29-1

64-6

64-9

60-4

55-8

Growth.
Lth. Wt.
(em.) (gm.)
0-1 0-2
nil —5-3
0-4 87

02 19
0-1 —1-0

Days
in

period.

182

112

42

140

182

Average
weight
of food

per day.

(gm.)
0-78

0-76

0-32

0-77

0-86

Ratio
Food per
day/
Jmid
body-
weight

per period.,

0-027

0-011

0-005

0-013

0-015

c¥6

‘SHMVA NI4T



Fish
No.

=
©

TR o TR o

L10
L11
L12
L13
L14

L15
Li6>

=

TABLE b58.

SumyARISED DATA : MAXIMUM REQUIREMENTS AND GROWTH OF MALE AND FEMALE PLAICE.

Sex.

Cu Cu Ca Cu

+0 +O 40 40

[r!itiﬂ,l

size.
Lih. Wt.
(em.) (gm.)
18-4 67-4
21-2 92-5
17-2 b5-6
214 739
21-8 101-2
22-6 120-1
19-3 75°1
20-3 86-8
20-0 37
17-0 50:5
25-1 173-2
20-1 757
195 79-0
20-8 1049

Lth.
(em.)

189
22-1
177
231
227
23-8
21-3
20-8

22-0
20-6
26-1
221
20-7
245

Final
size.

Wt.
(gm.)
783
104-5
569
1277
118-8
160-8
105-6
102-7

114-6

97-8
2053
1157
102-8
192-8

Growth.
Lth. Wt
(em.)  (gm.)
0-5 109
09 120
05 1-3
17 b3-8
09 176
1-2 40-7
2-0 30:5
05 159
2-0 40-9
36 473
1-0 32-1
2-0 40-0

1.2 238
37 879

Period.
From To
12:5 23
27:6  10:
12:56 4:
4:8 10:
12:5 1:
29:9 10:
12:5 L
29:9 10:
12:6 10:
12:6 ] )
16:9 10:
12:5 10:
12:5 23:
7:6 10:

16

11

11

11

11

11

11
11

11

Days

in

Period.

42
136
84
98
112
42
112
42

182
112
56
182
42
126

Total
food
per the
period.
(gm.)

126
545
242
515
469
267
471
175

819
546
409
896
209
827

Average
weight
of food
per day
for the
period
©(gm.)
30
4-0
29
b3
4-2
6-4
42
4-2

45
4-9
73
4-9
50
66

Gm. of
food per
1-0 gm.
increase
in weight

of fish.

11-6
45-4
186-1
9-6
26-6
6-5
15-4
11-0

20-0
11-5
12:7
22-4
8-8
9-4
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944

Date.
(1930)

(a)
May 12
a3 26
June 9
T} 23

(b)
June 27
July 7

L 21
Aug. 4
, 18
Sept. 1
22 15
L 29
QOct. 13
s 27
Nov. 10
th] 24

BEN DAWES.

TABLES 59-62.

Maxmium REQUIREMENTS AND GROWTH OF MALE PraIcE.

Tasre 59: L9 (a and b).

Average

food Percent-

Bize Total No.of perday age Total

of Wt./ food days during growth food Cumulative

fish. JLth.? per in each in wt. todate growth.

rind. period. period.
Lth. Wt (gm.) (zm.) (gm.)  Lth. Wt
(em.) (gm.) (em.)  (gm.)
18-4 674 0:011 — — —_— — —_ — —
18-5 69-0 0-011 21-1 14 1-51 2-4 21 0-1 1-6
18-8 776 0-012 63-2 14 4-51 12-5 84 04 102
189 78-3 0-012 420 14 3-00 0-9 126 0-5 109
21-2 926 0-010 —_ - — —_ —_— i i . e
21:3 926 0-010 01 01 48-0 10 4-80 0-1 48 0-1 01
215 948 0-010 02 22 63-1 14 4-51 2-4 111 0-3 23
21-2  96-6 0-010 -03 18 56-9 14 4-06 1-9 168 nil 4-1
217 101-2 0-010 05 46 60-9 14 4-35 4-8 229 0-5 87
21-8 101-1 0-010 01 -01 61-6 14 4-40 — 290 0-6 8-6
219 959 0-009 01 - 52 38:2 14 2:73 —_ 329 0-7 34
22:0 100-5 0-010 0-1 46 50-7 14 3-62 4-8 379 0-8 8-0
22:0 103-8 0-010 nil 3-3 66-4 14 4-74 33 446 08 11-3
22-1 108-1 0-010 01 43 59-1 14 4-22 41 505 09 156
221 104:5 0-010 nil - 3-6 40-5 14 2-89 — 545 09 120
22-1 1046 0-010 nil 01 20-1 14 1-44 0-1 565 09 121
L10 (a and b).

17-2 556 0-011 —_ — — — — —_ —_ — —_ —
17-2 53-8 0-011 nil - 1-8 28-8 —_ 14 2:06 — 29 nil -1-8
17-4 577 0-011 02 39 65-5 16-8 14 4-68 72 94 0-2 2-1
17-7  60-0 0-011 03 23 45-5 19-8 14 3:25 4-0 140 0-5 44
177  60-7 0-011 i 0-7 41-9 59-9 14 2-99 1-2 182 0-5 5-1
17-7 599 0011 il —0-8 384 — 14 2:74 — 220 0-5 4-3
177 569 0-010 nil - 30 20-8 —_ 14 1-49 — 241 Q5 1-3
214 739 0-008 —_ == — — — — — — — —_
21-6 843 0-008 0-2 104 59-4 57 14 424 141 59 02 104
21-8  89-8 0-009 0-2 55 68-8 12:5 14 4-91 65 128 04 159
220 975 0009 02 77 669 87 14 478 86 195 06 236
223 107-7 0-010 0-3 10-2 81-8 80 14 584 10-5 277 09 338
22.7 1191 0-010 04 11-4 96-8 85 14 6-91 106 374 1-3 452
22.9 1230 0-010 02 39 831 21-3 14 594 3-3 457 1-5 491
231 1277 0-010 02 4.7 57-9 12-3 14 4-14 3-8 515 17 53-8
23-2 129-6 0-010 01 19 28-6 151 14 2-04 1-5 543 1-8 557



GROWTH AND MAINTENANCE IN PLAICE. 945

TasrLe 61: L11 (a and b).

Gm. of

food
per Average
1-0 gm. food Percent-
Size Growth Total increase No.of perday age Total
of Wt./ ner food in days during growth food  Cumulative
fish. JLth.? period. per weight in each inwt. todate growth.
Date. period. of fish. period. period.

(1930) Lth. Wt. Lth. Wt. (gm.) (zm.) (gm.) Lth. Wt.
() (cm.)  (zm.) (em.)  (gm.) (em.)  (gm.)
May 12 21-8 101-2 0-010 _— - —_ —_ —_ r— — _ _ —

. 26 219 1002 0-010 01 -1-0 40-2 — 14 2-87 —_ 40 01 -10
June 9 219 966 0009 nil -36 516 — 14 369 — 92 01 —4-6
. 23 220 1023 0-010 01 57 59-1 10-4 14 4-22 59 151 0-2 1-1
July 7 221 1050 0010 01 27 608 225 14 434 26 212 03 38
» 21 223 1103 0010 o¢2 53 625 11-8 14 446 50 274 05 91
Aug. 4 224 1146 0010 01 43 626 122 14 447 39 337 06 13-4
» 18 225 120-0 0-011 01 54 68-2 12-6 14 4-87 4-7 405 07 188
Sept. 1 227 118-8 0-010 02 -12 61-9 — 14 4-42 — 467 09 176

(b)
Sept. 29  22-6 120-1 0-010 —_— - — —_ _ —_ — _ —_ -
Oet. 13 229 1369 0-010 03 168 750 45 14 536 139 75 0-3 168
- 27 23-5 1585 0-012 06 21-6 103-3 4-8 14 7-36 158 178 09 384
Nov. 10 23-8 160-8 0-012 03 23 885 385 14 6-32 1-5 267 12 407

24 239 166-2 0-012 01 54 45-1 84 14 3-23 34 312 1-3 46
TasLE 62: L12 (a and b).

(a)
May 12 19-3 751 0-010 _— - —_ —_ — —_ —_ —_ — —
26 196 823 0011 03 72 516 7-2 14 369 96 52 0-3 7-2
June 9  20-0 86-9 0-011 04 46 64-7 14-1 14 4-62 56 116 07 11-8
23 20-2 893 0-011 02 24 61-8 25-7 14 4-41 2-8 178 0:9 142
July 7 20-4  90-5 0-011 02 12 56-7 47-2 14 405 1-3 235 1-1 15-4
21 20-5  95-1 0-011 01 46 55-0 12-0 14 3-93 51 290 1-2. 20-0
Aug. 4 208 999 0-011 03 48 58-9 123 14 4-21 50 349 1-5 248
18 21-1 104-3 0-011 0-3 44 63-3 14-4 14 4-52 44 412 1-8 292
Sept. 1 21-3 1056 0-011 02 13 59-3 45-6 14 4-24 1-2 471 2-0 305

(b)
BRLT 903 PR ODI0 B gse0 Bs nEw o pe EE e s B e
Qct. 13 204 921 0-011 01 53 61-0 11-5 14 4-36 6-1 61 0-1 53
27 207 990 0-011 03 69 61-5 89 14 4-39 76 122 04 122
Nov. 10 20-8 1027 0-011 01 37 52:3 14-1 14 374 37 175 0-5 159
24 209 1054 0012 01 27 365 135 14 261 26 211 06 186



946 BEN DAWES.

TABLES 63-66.
Maximum REQUIREMENTS AND GROWTH OF FEMALE PLAICE,

TasLe 63: LI13.

Gm. of
food
per Average
1°0 gm. food Percent-
Hize Growth Total increase No.of perday age Taotal
of wt./ per food in days  during growth food
fish. [Lith.? period. per  weight  in each Inwt  todate
Date. period.  of fish. period. period.
(1930) Lith. Wit. Lth. Wt. (gm.) {gm.)
(em.) (gm.) (em.)  (zm.) (gm.}
May 12 20-0 73-7 0-009 —_— —_ —_— — — — —
. 26 20-3 857 0-010 0-3 12:0 53-9 4-5 14 3-85  16-3 54
June 9  20-6 882 0-010 0-3 256 74-9 30-0 14 5-35 29 129
s 23 20 94-6 0-011 01 64 717 11-2 14 512 73 200
July 7 208 1002 0-011 01 56 69-3 12-4 14 4-95 59 270
» 21 21-0 1087 0-011 0-2 65 62-3 9-6 14 4-45 G5 332
Aug. 4 21-3 1091 0-011 03 24 66-0 275 14 4-71 1-3 398
» 18 21-3 1093 0-011 nil  0-2 66-1  330-0 14 472 0-2 464
Sept. 1 21-3 106-4 0-011 nil - 2.9 63-5 — 14 4-54 — 528
- 15 21-4 1070 0-011 01 06 48-4 80-6 14 3-46 0-6 576
29 215 1089 0-011 o1 19 46-0 24-2 14 3-29 1-8 622
Oct. 13 217 120:0 0-G12 02 11-1 779 T7-0 14 5-56 10-2 700
. 27 22-0 123-1 0-012 03 31 75-8 245 14 541 2:6 776
Nov. 10 220 1146 0-011 nil — 85 455 — 14 3-25 — 821
s 24 220 121-1 0-012 nil 65 224 34 14 1-60 57 544
TaBLe 64: L14 (a and b).
(a)
May 12 17-0  50-5 0-010 _— - —_ —_ — — — —
o 28 17-8  66-8 0-012 0-8 16-3 40-9 2.5 14 2-92 321 41
June 9 18-7 780 0-012 0-9 11-2 77-9 7-0 14 5-56  16-8 119
s 28 19-1 835 0-012 0-4 55 750 13-6 14 536 71 194
July 7 19-3 868 0-012 02 33 71-0 21-8 14 507 4-0 265
- | 196 934 0-012 0-3 66 T4-4 11-3 14 532 7-6 339
Aug. 4 201 977 0-012 05 43 750 17-4 14 5-36 4-6 414
e 18 203 971 0-012 02 -06 67-0 —_ 14 479 — 481
Sept. 1 206 978 0-011 03 07 665 95-0 14 475 0-7 548
(b)
Sept. 15 25-1 1732 0-011 —_— — — — = — — —
29 254 182-2 0-011 03 90 729 8- 14 521 52 73
Oct. 13 259 200-4 0-012 0-5 182 1150 63 14 821 10-0 188
» 27 261 211-3 0-012 0-2 109 1194 110 14 8:53 54 307
Nov. 100 26-1 2053 0-012 nil - 6:0 101-8 — 14 7-27 — 409
24 261 2044 0011 nil - 0-9 26-9 — 14 1-92 —

436
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Cumulative
growth,

Wt.
(zm.)
12-0
14-5
20-9
26-5
330
354
356
32-7
33-3
35:2
46-3
49-4
40-9
47-4

16-3
27-5
33-0
36-3
42-9
47-2

47-3
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GROWTH AND MAINTENANCE IN PLAICE. o47

TABLE 65 : L15.

Gm. of
food
per Average
1-0 gm. food Percent-
Bize Growth Total increase No.of perday age Total
of wt./ per food in days during growth food Cumulative
fish. /Lth.? period, per weight in each inwt. todate growth.
Date. period,  of fish. period. period.
(1930) Lth. Wt. Lith. Wt. (gm.} (Em.) (gm.) Lth. Wt.
fem.)  (zm.) lem.)  (gm.) (em.)  (gm.)
May 12 20-1 757 0009 — — =t - T - = — — —_—
» 26 202 852 0010 01 95 61-0 64 14 4-36 125 61 0-1 9-5
June 9 208 967 0-011 0-6 11-5 94-2 8-2 14 6-73 135 155 07 210
» 23 210 1021 0-011 02 54 86-4 16-0 14 617 56 242 0-9 264
July 7 21-1 106-5 0-011 0-1 44 G8-8 156 14 4-91 4-3 310 1-0  30-8
R 21-2 1086 0-011 01 21 706 33-6 14 504 1-0 3581 1-1 329
Aug. 4 215 1116 0-011 03 30 710 23-7 14 507 2-8 452 1-4 359
» 18 21-6 114-1 0-011 0l 25 72-6 290 14 519 2-2 525 1-5- 384
Sept. 1 216 1104 0-011 nil - 3-7 65-2 — 14 4-66 — 590 1.5 347
» 15 217 111-3 0-011 01 09 60-4 67-1 14 4-31 0-8 650 1-6 356
» 29 219 1153 0-011 02 40 66-9 16-7 14 4-78 36 717 -8 396
QOct. 13 221 1187 0-011 0-2 34 77-3 229 14 5:52 3-0 794 2:0 430
w 27 22-1 1204 0-011 nil 1.7 574 33-8 14 4-10 1-4 852 2:0  44.7
Nov. 10 221 1157 0-011 nil —4-7 44-0 — 14 3:14 —_ 896 2:0 400
» 24 221 1144 0-011 nil - 1-3 20-9 — 14 1-49 —_ 917 2:0 387
TasLe 66 : L16 (a and b).
(a)
May 12 195 79-0 0-011 — — = —_ == —_ —_ — .
» 26 198 885 0011 03 95 517 54 14 3-69 120 52 0-3 95
June 9 20-5  99-3 0-011 0-7 10-8 84-4 7-8 14 6-03 12-3 136 10 20-3
» 23 207 1028 0-011 02 35 734 210 14 524 35 209 1-2 238
(b)
July 7 20-8 104-9 0-012 — - s _— s — i - — —
o 21 21-5 1147 0-012 07 98 722 74 14 514 93 72 0-7 9-8
Aug. 4 220 1264 0-012 05 117 82-2 70 14 587 102 154 1-2. 215
» 18 225 136-7 0012 05 10-3 904 88 14 6-46 81 245 1-7 318
Sept. 1 22.0 142:3 0-012 04 56 890 159 14 6-36 4-1 334 21 374
» 15 231 1535 0-012 02 11:2 85-4 76 14 6:10 79 420 2:3 486
. 29 236 1587 0-012 05 52 T6-4 14-7 14 546 34 496 2:-8 53-8
QOct. 13 240 1777 0-013 04 190 1215 G-4 14 8-68 12-0 618 32 728
» 27 243 1870 0013 03 93 1062 11-4 14 7-59 52 724 35 821
Nov. 10 245 192.8 0013 02 58 98-2 16-9 14 7-01 31 §22 37 879
5 24 246 2018 0014 01 90 67-5 75 14 4-82 46 890 3-8 969



i






