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REPORT

GRIMSBY STEAM TRAWLER RECORDS.
1904-1907.

ROSA M. LEE, M.A.

INTRODUCTION.

TeE MATERIAL.

These statistics are the reduction of the material obtained from the masters of
certain of the Grimsbhy Steam Trawlers. They were supplied by the Marine Biological
Association with Record Books, containing the same forms as those used by the Lowestoft
Skippers,* and these, giving the date, duratmn position and quantity of fish caught in
each haul, have been continuously filled up by them since 1 May, 1904.

The number of men engaged in supplying the information is as follows :—1904,
seven ; 1905, nine; 1906, six 1907, three; and of these, two in 1904, two in
1905, two in 1906, only contmued their records for a few voyages, extending over one
or two months. In the ordinary course they fill in from 30 to 45 record forms in a
voyage of eight or nine days, so that from them we have obtained detailed particulars
of a very large number of hauls.

The total number of hauls and of hours fishing up to the end of 1907 are given in
the following table :—

TapLe I.—Showing for the Grimsby Trawlers, the total number of hauls and
hours fishing, 1904-1907.

Year, No. of hauls. | No, of hours.
1904 2,669 10,1443
1905 il 18,953%
1906 3,812 11,704
1907 2,154 8,222}
1904-1907... A i e 13,246 49,0242

The men who keep these records were chosen with special reference to their ability
to do so, and in working through their books I have been exceedingly struck by their
clearness, neatness and rehablhtv, as well as by their readiness to make note of any
unusual features and to give any information which they might think valuable. I should
like to acknowledge the nterest they have shown in this way, and the help it has been to
me in dealing with their work.

The records may be taken as a very representative sample of the work of the
Grimsby fisheries, as far as the North Sea is concerned. The skippers employ
the ordinary commercial steam trawler and extend their fishing operations over the whole
of the central part of the North Sea.

. LFD ——Report on the Lowestoft Sailing Trawler Records, 1903-1906. Internat. Invest. Mai.
Biol. Ass. Report II., Part I1., Od. 4641. Appendix, p. 111.
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4 LEE ! GRIMSBY TRAWLER RECORDS.

In examining the results of my statistical analysis of these records I have been
greatly helped by some valuable hints from my colleague, Mr. G. T. Atkinson, whose
practical knowledge of the fisheries served to elucidate and explain many points
suggested by the figures. I take this opportunity of expressing my indebtedness to him.
My thanks are also due to Mr. J. Potter for his careful preparation of my figures anl
charts accompanying this report.

Tae RecioNn INVESTIGATED,

These Grimsby fishermen work mainly in the belt of the North Sea lying between
Lat. 52° 30" and Lat. 57°. No hauls are recorded from further north than Lat. 57° 25’
They generally avoid the deepest parts of this region (over 40 fathoms) and confine
their fishing principally to the central and eastern grounds in depths of from 10 to
30 fathoms.

Nearly all the skippers give their positions according to the latitude and longitude
of the place where the trawl is shot, and there is no reason to think that there is any
error in their determinations, for they were generally found to be consistent with the
depths and the nature of the bottom, the name of the ground, and also with their
subsequent positions. The only cases where there was any doubt were those in which
the position was given by the bearings and distance from Spurn. In long distances there
would be some doubt as to the exact position, and as sometimes the name of the ground
was not given, the depth of the water had to be taken as the best guide to the position.
Even in some of the nearer grounds there would be some uncertainty as to the position,
as there is reason to believe that the bearings given were not quite correct.  All the hauls for
each year have been plotted out on charts in their appropriate positions and these have
been very useful, by showing the difference of distribution in the different years, in the
interpretation of the statistics and the explanation of the somewhat anomalous features
of some of the curves.

This whole region contains fishing grounds of exceedingly diverse characters—
diverse as regards depths, bottom, and nearness to the coast—and the catches of fish on
these different grounds are just as diverse. For instance, enormous catches of small
plaice and soles are made on the eastern grounds, while at the same time the yield of
these fish on the western or central areas is many times smaller.

DivisioN INTO AREAS.*

The whole region is divided into a number of ¢ areas,” the sub-division being based
primarily on the areas adopted by Professor Garstang in his Report as Convener of
Committee Bf. But these areas proved to be too many and too small for our purpose,
and so several areas were combined (e.g. the Dogger Bank is made into one area) ; in
other areas the bounding lines were slightly shifted, so as to coincide with the 20-fathom
line instead of the 40-metre line. The final arrangement is given in the appended chart.
The areas themselves are as follows, and they fall naturally into certain groups.

NorTH-EASTERN AREAS.

Area A. This ground lies off the western coast of northern Denmark. It contains
the Jutland Bank, and is bounded on the south by the Ringkjobing Ground. It ranges
in depth from 13-22 fathoms. This ground was not much fished by these men. The
August hauls of 1904 were made in the extreme north of the area, and the July hauls
of 1805 on the west, outside the 20-fathom line. :

Area B contains the West Bank and part of the Little Fisher Bank. It lies offshore
and north-west from A. In depth it ranges from 20 to 40 fathoms.

Area C' lies adjacent to B, but still further offshore. It has a bottom of fine sand
and an average depth of 35 fathoms.

Area F.—This is a small area lying next to and west of area A. It contains
two well-known fishing banks, the Tarbot Bank and the Monkey Bank. Most of the
fishing here is confined to these banks (depths less than 20 fathoms), and but a small
proportion takes place in the deeper water (about 24 fathoms) between them.

* Nore.—The depths given in these areas are generally taken from the fishermen’s soundings,
but the limiting values are from charts.

t GARSTANG.—The Distribution of the Plaice in the North Sea, Skagerak and Kattegat. Chart II.
Rapports et Procés-Verbauz. Vol. X1.,1907-1908.




REGION INVESTIGATED, 5

Area G is situated west of F and south of B and C. On its eastern side it is just
under 30 fathoms, but over the greater part of the area it is between 30 and 40 fathoms,
The fishing in this area comes more in the eastern than in the western half.

None of these areas were fished to any great extent. The statistics we have are the
result of a few occasional and intermittent voyages. In character and depths the
offshore areas are much alike and show in the resulting statistics much similarity in
their catches.

The more offshore areas of this group coincide with Garstang’s Fisher Bank group
of areas,

EASTERN AREAS.

Area H.—This lies directly south of area A and includes the grounds from the
western coast of Denmark to the 20-fathom line. It contains Ringkjobing ground and
the Horn Reef North ground, but we find that the majority of the hauls are clustered
together in the central part of this area (the Horn Reef North ground) within a radius of
ten miles from Lat. 55° 55" N., Long. 7° 24" E. The depths in this part are from
12-16 fathoms and the bottom is of sand and shells, although there are patches of rough
gravel in other parts of the area. This ground was much fished in 1905 throughout the
‘year, but in the other years most of the fishing took place from October to December.

Area M.—This area, situated directly south of area H, contains the Horn Reef
South grounds, Sylt Rough, Sylt Outer and Inner and Amrum grounds. Most of the
fishing, but not quite all, took place outside the 10-fathom line, and between it and the
20-fathom line in depths of 10-13 fathoms. The majority of the summer hauls were made
slightly more inshore, in less depths—from 8 to 11 fathoms. The rough ground in
this area is mostly in the western half, and we find that with a few exceptions the hauls
were taken over a bottom of fine sand. The April to June hauls are very numerous and
these months constitute what the fishermen call * the season.”

Area Q.—This area includes the strip of sea between the 10 and 20-fathom lines,
running parallel to the German coast. It extends in a southwesterly direction from
Heligoland to Vlieland, and embraces Heligoland Rough, Heligoland ground, Norderney,
Borkum, Ameland and Terschelling grounds. There is an area of deeper water coming
into this area about the north-eastern part as far as Heligoland, but for the most part the
depths are under 20 fathoms. We find that in the Terschelling grounds the men fish
a good deal on the edge of the 20-fathom line which does not here form a natural
barrier to the fishing ground, so that the outer part of () and inner part of the adjacent
area N, are very much alike. The bottoms in this area are composed of sand and mud,
-and in some places stones and gravel are abundant, as in Borkum Rough.

Area W.—A few hauls were made on the Texel and Vlieland grounds, and to
include them, area W, a continuation of area () was formed. The majority of the
soundings are 15 and 16 fathoms.

These “ Eastern grounds " all lie about the same distance from the continental coast,
-and in regard to depth and bottom are very similar. Three of them are regularly fished
by the Grimsby Skippers, and the resulting statistics are on the whole fairly complete
-and satisfactory. Areas H and M together correspond to Garstang’s Eastern offshore and
inshore grounds, and the rest to the Terschelling and Borkum grounds.

CENTRAL AREAS.

Area J.—This area is roughly triangular in shape, the apex being at the Tail end of
the Dogger and the base the 20-fathom line bordering on the outer part of areas H and
M, i.e., the Horn Reef and Sylt grounds. It contains no well-defined fishing grounds—
the greater part of it being known by the fishermen as “ The Mud” or “ Outside the
Mud.” It also borders on the White Bank, Oyster Ground and Lower Scruff whose
outer limits are somewhat variable. The mosi inshore part of the area has a bottom of
fine sand ; further out it is of mud. The depth on an average isabout 26 fathoms. This
is comparable with Garstang’s Eastern Deep ground.

Area N.—This is an offshore area running parallel to area Q and divided from it by
the 20-fathom line (except near Heligoland, where the deep water penetrates into area Q).
It contains the White Bank in the north-eastern part, the Oyster ground, Terschelling
Mud and parts of Clay Deep and Upper Scruff. The depth varies between 20 and 27
fathoms and is generally about 24 and 25 fathoms. In most parts the bottom is a mixture
of sand and mud. The area has been well fished over all parts and throughout the year.

Area 1.—This ground is enclosed between area N and area O (the Dogger Bank).
Except for the south-east side of the Dogger where hauls were made in 20-21 fathoms the
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prevailing depths are 24-27 fathoms, The grounds included are “ Above the Dogger,”
Clay Deep and The Scruff. The hauls made are scattered over the whole area. Very
few were taken in the spring months.

Area O.—This includes the whole or the Dogger Bank lying within the 20-fathom
contour line.

NorTHERN AREAS, “ BELow THE DoOGGER.”

Area 1).—This comprises the deep water (greater than 40 fathoms) west of Long. 3°
E. and extending from the 40-fathom line north of the Dogger to about Lat. 57° 20’ N.

Most of the hauls were made in depths between 40 and 50 fathoms in the southern
and eastern parts. The bottom is of fine sand.

Area K.—This lies between G and O. All the depths in it are greater than 20
fathoms and less than 40 fathoms.

Area I.—This lies between D (Deep water) and the Dogger, and is continued
southwards and ranges in depth from 20 to 40 fathoms, For the most part the bottom
is of sand but there are some rough patches of ground in it.

In all these areas a great deal of the fishing took place in the first three months of
the year. Areas D and L are the south-eastern parts of the “ Middle Deep.”

SOUTHERN GROUNDS,

Area S.—This is the most southern ground of our region and it includes the ground
situated about half way between the Norfolk and Lincolnshire and the northern Dutch
coasts. It includes the * northern areas” of the Lowestoft Sailing Trawler Statistics, .e.
The Leman ground, Brown Bank, and the Brown Ridges, as well as some grounds lying
to the north of these, such as Botney ground and New Zealand ground. The hauls are
made mostly in depths of 15-18 fathoms and in sandy ground.

This area is much frequented in the summer time.

Area T.—This is a small area lying north of area S and south-east of the Silver
Pits. It includes Markam’s Hole and the shallower ground just around it, and the deeper
water over 20 fathoms, wherein are the Western Mud Hole (greater than 20 fathoms)
and the Botney Gut (greater than 30 fathoms).

Area V.—This small area includes all the Silver Pits. It is bounded on the north
by the Dogger Bank and on the south by the Well Bank Flat and area T, from all of
which it is separated by the 20-fathom line. In the Pits themselves the depths reach to
over 40 fathoms, but a good many of the hauls were made on the horders of this area, .e.,
just over the 20-fathom line separating it from Well Bank.

W ESTERN AREAS.

Area E.—This is an inshore ground off the Norfolk and Lincolnshire coast. A few
hauls were made here during the course of 1906, most of them at a distance of 20 or 30
miles from Cromer and the Norfolk coast, the depths in which they were made being
about 9-11 fathoms.

Area R—This area includes the Well Bank Flat and grounds, the shallower parts
of the * Off Grounds,” the Dowsing grounds and the Haddock Bank, all of which are
shallow water, generally from 11-14 fathoms. But there are also in it small deep holes,
where the soundings are often over 30 and sometimes more than 40 fathoms.

These are known as the Sole Pit, and the Coal Pit or N.K. Hole, and are
especially visited by the fishermen for the large catches of soles that are to be made
there. In 1906 this area was well fished by one or two fishermen who came constantly
here throughout the year. In the other years this was very little worked.

Area X.—Is formed by the Deep Water (between 20 and 30 fathoms) west of the
Dogger and Silver Pits. Its southern boundary is the 20-fathom line which divides it
from area R. The Dogger Bight, Flamborough Off and Kastermost grounds are in this
area.

There was hardly any fishing in the western part of this area. It is rather a rough
ground, and is worked by a special class of Grimsby steam trawlers.

Area P.—This is an area of very deep water situated north of area X and abreast of
the Yorkshire coast. There are very few hauls here, nearly all of them are in the south-
eastern region of it where the bottom is of fine sand and the depths about 35-38 fathoms.

These grounds correspond, roughly, to the Western Deep and Flamborough Off"
Grounds of Garstang’s chart.

e




TREATMENT OF RECORDS.

Tasre II., showing the total number of hours fishing in each area in each year.

| :
e 1904, 1905. 1906. 1907. 1904-07.

X 929 44} s o 66}
B> 2873 226 e 152} 666
g . i 16} A - 16}
F . 334 3181 374 T 690
Qis; 1983 140 981 963 5333
R 7334 1,624 16 70} 92,4433
M . 860 2,318; 1,8333 1,177 6,252
9 336 996 291 7291 2,356}
w . 77 6 12 16 111
¥ 5 767 4513 769 1513 2,139}
3 9443 1,6103 1,9073 2,084 6,547
o 1,431} 1,379} 261 258 3,330
0 . 1,461 2,829% 641 429 178
R 371 1,563 497 28 2,125}
K 2091 559} 119} 540 1,4281
- B 379 1,2631 1,329} 73 3,044}
8 1,218 1,437 6471 1,095% 4,398
T . i 854 1,143 1,0174 625 2,871
¥ 277 1893 3684 2384 10734
E . = i 451 g 45}
B 134 1873 1,6034 66 92,2603
X 2504 2694 659} 391 1,570}
T 221} 16 33 o 2704
Total ... 10,1443 18,0533 11,704 8,222] 19,0243

This table shows the distribution of the fishing operations. The grounds most favoured
by these men are N and M, including the most important of the * small fish ” grounds
oﬁ' the Danish and Dutch coasts. Next in importance are the Dogger Bank, which was
very extensively fished in 1905, and the southern ground 53, which includes the Leman
and Botney Ground, &ec. 1 and L come next, with over 3, 000 hours fis hing, and T, H,
Q, R, J, D have all between two and three thousand hours fishing. The D‘rounds least
frequented are the north-eastern areas and E and P. In 1906 some of the men who
worked regularly on the Dogger Bank ceased sending in records.

TREATMENT oF THE RECORDS.

Tabulation.-——The Grimsby records have been treated in the same way as the
Lowestoft statistics®, 7.e., the hauls have been grouped according to areas and months
and a series of monthly totals and averages calculated for each area. The results for
seven of the most important species, viz., plaice, soles, turbot, brill, cod, haddock and
whiting, arve discussed in the present report.

Conversion of measurements into weight.—For four of these species, plaice, cod,
haddock and whiting, which are measured by the skippers in baskets, it has been
necessary to calculate a scale whereby the amount in a basket may be converted into
weight.,  The methods adopted to determine this are given in detail for each species later
in the report. It might be objected that I have used a single value for each species,
when it is clearly shown by the tables that there is distinctly a bias on the part of some of
the skippers, and that it might have been better to convert their amounts by using
different ratios for different men, or different ratios for different years.

My answer to this objection is, that very little accuracy would be gained to balance
the additional labour this would entail, for in the monthly catches the actual ratio for any
one man is likely to vary about as much from Ais yearly ratio as does the actual ratio
chosen, and furthermore, as the men’s catches are combined, the use of the single average
ratio is a close enough approximation to the true weights, for material measured in as
rough a way as this is. I have tested the difference caused by using varying ratios in one
or two areas and find that it is quite unimportant. The curves thus derived show the same
trend and facts as the ones obtained in the ordinary way, i.e., by using a constant ratio,
and differ only slightly in the heights of a few ordinates, and 1 conclude that any error
introduced by this method is but a small proportion of the errors due to roughness of
material or any other causes, and has no significant effect on the conclusions drawn from
the curves.

LEE.—Report on the Lowestoft Sailing Trawler Records 1903-06. Inlernat. Inves. Mar Biol.

Ass. Report I, Part IT, Od. 4641, p. 92.




8 LEE : GRIMSBY TRAWLER RECORDS,

Tnvestigation of the yearly fluctuations.—The method employed in my report on the
Lowestoft Trawler Records to determine the variations in the yearly abundance, was in
the case of the Grimsby Records not admissible. That method was the simple one of
combining all the catches from the whole region for the year, and determining the average
catch for each year by dividing by the number of hours fishing.

The range of variation over the whole region was far too great, and the catches from
the different areas so diverse, while at the same time the distribution of the fishing-
differed exceedingly year by year, that a combined average over the whole sea would be
greatly affected by the distribution, and so would be valueless for comparing one year
with another. Nor was it feasible to work out the yearly averages for each area separately,
for there were too many gaps in the statistics and it seldom happened that there was a
complete series of monthly averages for any area.

It therefore became necessary to use several methods in stadying this question, so
that each, though inadequate and uncertain in itself, becomes more decisive when its
results are corroborated by those of other methods. These have been chiefly :—a
comparison of the monthly averages in the same area, to determine whether they more
generally show an increase or decrease throughout the period when comparing the averages
with the corresponding months in the later years; secondly, a comparison of the mean
values of the monthly averages in each year, excluding those which are untrustworthy,
and including only the same months in each year of comparison ; and thirdly, where
groups of areas showing some similarity in their total yield could be formed, the method
of lumping together all the catches from these areas was employed.

Investigation of the quantitative Distribution in Time and Space.

The only way in which the fish population from a certain area can be compared with
that from another, or with itself at different times, by such statistics as these, is to assume
that the average catch per uniform time, represents proportionally the population of that
area. This of course involves certain assumptions, the chief being that there is a
considerable homogeneity of conditions over the area chesen, and that the fishing is well
distributed in time and space. We find, generally speaking, that the method is justified
by experience, and that it is only where the fishing has been very limited in amount or
space that the deductions drawn from such figures reach such a measure of unreliability
as to become worthless. By studying the figures giving the amount of fishing, which
the average represents, the reader will be able to judge how approximate the averages
may be.

There are several ways of representing the quantitative distribution according to-
time and space. The simplest is to plot out the monthly averages as a continuous series
of points varying with time, but we find that the material is too incomplete, rough and
variable, for this to be done without a certain amount of interpolation and smoothing.
The smoothed curves given in the diagrams are obtained by averaging the average of
each month with the one before and after it, the averages of the first and last month in
the series being left as they are. These diagrams are rendered more complete by gaps in
the curves being joined by a thin line following the general trend of the thick continuous
line. This method, although not representing the actual averages, gives a general picture
of the seasonal trend, which when combined with a study of the actual figures enables
us to determine more or less approximately the real nature of the fluctuations. The index
figures given in the tables represent the number of hours fishing in each month, and by
these we can judge of the reliability of the average.

When further statistics are to hand we can arrive at a closer approximation of the
actual abundance and investigate in more detail the pericds of maximum and minimum
abundance. Another method, which I also use to smooth the figures and obtain a general
measure of the comparative abundance, is to calculate ¢ general averages ” for each month,
that is, the combined catches of all the years in any particular month, divided by the total
number of hours fishing. This method too has its drawbacks, owing to the varying
amount of fishing in the different years, but I regard it as the most reliable average
obtainable from these figures, to represent the catch in the particular months of the year.
It is for this reason that I have used these “ general ” monthly averages in calculating
the mean values for the different areas. In this case, it is assumed that the general
monthly averages represent, as closely as such figures can, the actual population of the area,
and in taking the arithmetic mean of the monthly averages we are not biased in our
estimate of the abundance by taking into account the number of hours fishing in the
different months, for this might be especially large or small in the month of greatest
abundance.




PLAICE, g

Size distinctions.—The size distinctions have been retained in all cases. It is true
that the groups of large, medium and small fish have a very wide range of length and
overlap each other to some extent, and that they may be somewhat differently classed by
the several men. But we are taking average values 1 all cases so this error 18 minimised.
The proportions in each area are obtained from the mean monthly value, i.e., the average
of the monthly general averages. Here we assume that the general average is the nearest
we can get to the true state of things, and the method is equivalent to taking samples, as
nearly as possible of equal value, during each month of the year, and finding by totalling
up for the whole year, what are the proportions of large and small in the long run. This
method gives a better picture of the conditions than would be obtained by calculating the
percentage proportions from the total catch, or by taking the averages of the percentages
in each month. .

The results thus obtained are found to be in close agreement with the statistics of
the Board of Agriculture and Fisheries, where they are comparable with these.
Wherever a definite bias has been found in the classification of the size-groups, attention
has been called to it in the discussion of the statistics.

In speaking of the seasons, I have used the terms * winter” for the months
December to February, “ spring ™ for the months March to May ; * summer,” June to
August ; and “ Autumn,” September to November.

The average duration of a haul is between three and four hours. All averages are
calculated on ten hours fishing, as being the most convenient unit to take.

II.—ACCOUNT OF SEPARATE SPECIES.
A.—PraAIcE.

Introduction.—Some of the most important fishing grounds for plaice are to be found
in this region. This species is to be taken in all areas but in exceedingly varying
amounts, some grounds yielding several hundredweights of fish in a haul and others only
three or four fish.

The catch is grouped by the fishermen into three classes large, medium and small,
and it is according to their classification that they are discussed in the report. The
market group “large” varies about a modal value of 17-18 ins. ; medium fish vary about
a mean of 13 inches, and small about a mean of 10 inches.

The Conversion of the Different Measures into Weight.

The first consideration that presented itself in the reduction of the plaice statistics
was the conversion of the quantities measured by different methods to the same unit. In
the record forms, either the number of fish of each size-group or the number of baskets
was given, generally the latter. In grounds where few fish were caught and then only
large ones, their numbers were mostly given.

Their weight was estimated by the following average scale :—
One large plaice weighs ‘02 cwt.
One medium plaice weighs ‘007 cwt.
One small plaice weighs ‘003 cwt.

With regard to the conversion of the baskets into weight there was more uncertainty. It
was found that the Grimsby * baskets "’ were larger than those in use at Lowestoft, which
had been ascertained to contain an average amount of half a hundredweight of fish.

Enquiries at Grimsby elicited the information that one ¢ basket” of plaice,
irrespective of size, weighs about six stone, with a considerable range of weight due to
packing. A “box’’ averages eight stone* and a “ basket” may therefore be estimated at
*75 ewt. or *75 of a box. '

This relation was confirmed by the skippers own records. By summing up the
total quantities of the individual hauls, for each skipper throughout each year, and also
the sum of the numbers of boxes of plaice given in the summaries of the voyages, and
comparing these two measures of the same quantity, we have a means of obtaining a ratio
between a basket and a box.

* The recently published report of the Board of Agriculture and Fisheries on the Plaice fisheries:
of the North Sea, Cd. 4,738 (p. 53), shows that the weight of a ““box ” is slightly greater than eight
stone, averaging 54'8 kilos at Grimgby. This is equivalent to 1-02 cwts,
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These ratios have been calculated in each case and are given in the following table : —

TasLe [1I.—Showing for each skipper in each year, the ratio of a Basker to a Box, as
estimated from the total number of baskets in the hauls, compared with the total
number of boxes in the summaries.

Skipper. 1904. 1905. 1906. 1907. Average.
0 R 77 77 (83) it 77
ii — 30 — — 80
Hissolg 67 76 7D 81 15
iR — 64 68 - 66 ‘
v 76 ‘74 i " ] f
MR 3 73 67 bpyorT |
vii ‘72 ‘68 — — 70
T R e 65 (+51) - % 65
Average 71 edf T3 75 74 ]
The ratios in brackets are calculated on the summaries from but a few voyages. These

are omitted in calculating the averages.

The last column in this table gives a good measure of each man’s bias, and the last
line shows whether the tendency in each year has been to estimate above or below the
average. Omitting the doubtful averages in brackets, we find that these figures have a
very small deviation from the average *73.

This figure (‘73 cwt.) has been chosen as the average weight of a basket for this set
of statistics. The choice is further confirmed by measurements made on board the

s.s. “ Huxley,” when the contents of a Grimsby basket were found to weigh 82 lbs,
(or *73 cwt.).

Total Quantities of Plaice and the Proportions formed by the Three Trade Categories.

Using the above determined scale for conversion into weight and putting together
the catches from all areas, we find that the total catches by these men during the years
1904 to 1907 are as follows :—

TasLe IV.—Showing the total weight of PLAICE in ecwts.,, and the percentage
formed by each of the three trade groups.

Total weight in cwts, Percentage of Total,
Year. l
Large. Mediam. Small. All sizes. Large. | Medium. | Small.
- : )
|
1904 35473 1,046:99 ! 3,351-20 4,752:92 I‘ 75 22 70°5
1905 739-09 3,127:76 | 623360 10,098-51 | 7 31 62
1906 53470 1,23658 1,290-07 3,061-35 14 17-5 405 42
1907 298-77 697-98 1,383-49 2,380-24 } 13 29 58
Total 1,925-29 6,109:31 ‘ 12,258:42 20,293-02 ) 35 30 605
\ l

The average catch per ten hours fishing for the whole time is 414 cwts., of which
only 95 per cent. by weight are large fish. Over nine-tenths of the total are medium and
small fish, and as but very few of the medium fish can be mature, this table shows the
enormous destruction of immature fish. But if we consider the proportions by numbers,
which we roughly estimate as 2 per cent. large, 17 per cent. medium, and 81 per cent.
small, this feature becomes still more striking. a

The proportions of “ small ” in each year are really not comparable with one another.
It is necessary to bear in mind that in 1904 there was no fishing before May, and it is in
the first four months of the year that the small fish are least abundant. Thus there is an
unduly high proportion of small in that year. Moreover in 1906 and 1907 a smaller
proportion of fishing took place on the eastern small plaice grounds than in the other
_ years. Further detailed analysis of these figures for the “ Eastern grounds,” shows that
although the proportion of “small ” was greatest in 1904, yet in the next three years
it did not vary significantly from 80 per cent. In at least one area, N, the proportion is
greatest in 1907 and least in 1905.
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PLAICE : SEASONAL FLUCTUATIONS. 11

Discussion of the Seasonal Fluctuations in each Area.

Table V. gives the average monthly catch of plaice in each area, together with the
combined monthly averages.

North-Eastern Areas.

Area A.—Only two months’ catches are represented, giving averages 0'45 cwt., and
0°50 cwt. of large and medium fish, in July and August respectively.

Area B.—The stock of plaice seems to be fairly good, the averages reaching a maximum
of 1:88 ewts. and comparing favourably with those of a more southern area J. Large
fish form the chief stock, a very small proportion of the catch being medium. Only six
months averages are present, so we cannot compare the winter and summer catches, but
there is a great similarity in the shape of the curve as far as it goes, to that of F, where
there are indications of at least an autumn maximum. It was noticeable in October in
tabulation that the fish were more plentiful on the “ West Bank ” than in the deeper
water.

Area C.—The three or four hauls that were made in this area show a very small
yield of plaice. The October average is higher than the March one, while in December
there were no fish caught. Large fish only were taken.

Area F.—There is a small catch in March. From June the averages increase till
September or October and then fall away to December. Small fish are almost entirely
absent. Both large and medium plaice are present, the medium predominating an
forming 72 per cent. of the catch. -

Area G.—The winter averages are low, compared with those of the autumn, when
there appears to be a distinct maximum, culminating about October. Large and medium
fish are present, being about 64 per cent. and 34 per cent. of the total catch respectively.
Small fish are seldom found.

Although there has been very little fishing in these areas, and the curves are very
incomplete and disconnected, yet we have indications that these north-eastern areas are
very much alike in their total yield of plaice. B, F, and G have similar curves of very
much the same direction, shape and height, reaching a maximum of just over 1'5 cwts.
They are combined into the smoothed curve of Fig. 1.
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The winter averages and the early summer averages, when present, are considerably
lower than the autumn ones. September and October are months of maximum. In B
and C which are the most offshore areas, large fish are entirely predominant. In G the
population is more mixed, but large still preponderate. In F which is nearer inshore and
where there are banks, medium fish predominate.

Lastern Areas.

Area H.—This ground is characterised by enormous catches of plaice at certain
seasons of the year. These occur in the early autumn, and by contrast, the spring and
early summer catches are so low as to be almost inappreciable. The maximum catches
on these grounds far exceed those of any other area, the highest average reached in any
month being 49:88 cwts. per ten hours fishing (September 1905). The October and
November averages too, are extraordinarily high, the lowest catches are made in May,
when only 025 cwts. are taken. The February and June averages are missing. The
curve (Fig. 2) illustrates the comparatively low catches made in the beginning of the

ear, the minimum in spring, and the sudden and enormous influx of fish in the autumn
with a fall almost as sudden to December and January.
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12 LEE : GRIMSBY TRAWLER RECORDS.

The curve (Fig. 2) shows also the constitution of the fish population in this area.
Large plaice are generally absent altogether or are caught in very rare instances. In one
case (November, 1904) a skipper records a fish 2 fi. 3.ins. long, 1 ft. 2} ins. wide, but
this is very exceptional, though again in November, 1905 one wvery large fish is noticed.*
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F1a. 2.—Praice. Area H. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.

From January to May the catches are composed of medium and small plaice, medium
preponderating. With the influx of plaice beginning in August, the character of the
population appears to be changed. Here by far the greater portion are small fish ;
medium fish become fairly numerous, but the really large catches are formed by the
enormous quantities of small fish. We find that these catches fluctuate very much and
that for a few days the fishermen will take about 20 baskets or more in each haul, and
then suddenly the quantity caught drops to one basket or less. It is remarkable that
these small fish disappear entirely in the winter months and do not seem tc be caught
anywhere.

In November medium fish appear in the catch of one man only after the middle of
the month (November, 1904). The small fish at this time become exceedingly numerous
for several days. In 1905 these large shoals appeared earlier, as September and October
both had very large catches of small fish. By December we find that the medium fish
are more numerous relatively to the small than in the previous months, showing that
though they are disappearing they do not do so as rapidly as the small fish, The stock
of small fish in this ground is affected both by immigration during August and September
of fish from the very shallow coastal grounds near Esbjerg to the S.E., and by a still
further offshore movement of the stock of plaice already present. For comparison of the
catches year by year, we have really only two years to go upon. Comparing the averages
of the months from September to December we find that the largest catches are made in
1905 in the first two of these months, but 1904 exceeds 1905 in the latter two. The

* Johansen (Contributions to the Biology of the Plaice, No. 1., p. 41) has found that the large
plaice nsed formerly to be very numerous on the Horn Reef grounds and have diminished exceedingly
in recent years.
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autumn catches of 1906 and 1907 are considerably less than those of the corresponding
months of 1904 and 1905.

Area M.—A skipper who fishes regularly in these grounds from year to year
remarks—“ Plenty of plaice and no soles up to March, then the soles occupy the ground
till the end of May.” Laterin the year in July he says—“Fish is getting very scarce
here now. The majority of the plaice are very small, averaging from 4-8 ins. The
season generally extends from the latter part of March till the end of June, then it is
done.” In comparing this statement with the facts brought out by observation we see
that they correspond. The curve for area M (Fig. 3) iz incomplete from January to
March as there are no February records, but the figures show that there are considerable
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F16. 3—PLAICE. Area M. Monthly averages. 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.
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«quantities of plaice reaching a maximum of 1076 cwts. in April, and the catches
afterwards, though good, fall off till, in July, the average is 0:36 cwts., showing that
“ plaice are getting very scarce.” Of the fishery here in the autumn and winter he says
nothing, but the averages and the curve show that plaice are increasing after July in the
same way as they do in the adjacent area H. There is a sudden and great rise to
November (1578 cwts.) and then a sudden fall.  Except for the large catches (30°34 cwts.)
in December, 1904, all the December averages are very low and indicate the sudden and
-almost complete disappearance of the fish. It seemns probable that the exceptional case of
December 1904 may be a continuation of the phenomenon exhibited in November 1904
in area H, when especially large catches were made. Perhaps some of these great shoals
migrated southwards and made their appearance in area M in the following month.
Further confirmation of this hypothesis is present in the fact that the high averages of
September and October, 1905, in H are followed by a very high average in November, 1905
in M. These large shoals, some of them yielding 40 or 50 baskets in a haul last till
:about the 22nd of the month and then disappear.

Large quantities of small plaice are thrown away on this ground. In May, June
and July of 1904, a skipper reports that he throws away all small plaice under 11 ins.
The total quantity disposed of in this way varies considerably. Sometimes there are
none, and sometimes as many as 20 baskets or so in a haul. In July he finds that there
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are very few plaice except tiny ones of 4 to 8 ins., which are thrown away. This
fact has made the 1904 averages for these months less than they would otherwise
have been. In April, 1905, this same skipper remarks :—* There are less small plaice
over here than [ have known for the last 15 years. I think it is owing to the cold
weather.”

The trend of the curves (Figs. 3 and 4) is also shown in the trend of the figures
throughout the course of each month. In 1906 and 1907 we notice that throughout
June the catches are appreciably decreasing on the Sylt Inner grounds, and after the
20th the fish disappear altogether. In July there is a continued absence of plaice and it
is not till after the beginning of August that they appear even in small quantities,

In the composition of the catch the curves show that the small plaice form the
dominant population. The great catches of the autumn are principally of small fish, and
these disappear very suddenly. Medium plaice are present in large quantities from
March to June, but in smaller proportions after this time. Large plaice are practically
absent. On the average it is found that in area H, small plaice form about 76 per cent.
of the total catch, in area M this percentage is about 86. The two areas together then
would yield catches of which the small plaice formed about 81 per cent., a result which
confirms that found by Masterman® where his areas A, and B, which together cover the
same grounds as H and M have percentages of small fish 83'5 and 766 respectively, K
1.e., on the average, 80 per cent.

A summary of the chief features of this area is :—

i. A very large plaice population.
. A great predominance of small and very small plaice.
iii. Very great fluctuations in the catch,
iv. A double maximum period occurring in the spring and autumn about April
and November. Minima occur in July and December.,

The yearly fluctuations are best studied by comparing the averages in each year for
the months April to August. May and June are less in 1904 than in 1905, but, as
pointed out above, a very high limit of 11 ins. was made for the fish to be thrown
overboard in 1904. There is a marked decline between 1904 and 1907. That the
average catch is falling off is also shown by the following table of mean monthly L
averages f:—

Area M. Mean Monthly Average.

]904 LN} LN "o LR ] LN ] 8.10
1905 747
1906 677
1907 311,
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FI1G. 5.—PLAICE. Area Q. Monthly averages, 1904-07. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted, small.

* Report of Research work of the Board of Agriculture and Fisheries. Vol. I. Special Statistics.

t Compare also the yield of the Sylt ground in March, 1895 ; 275 and 230 boxes of plaice from two
voyages, thus averaging 20 cwts. per 10 hours. CUNNINGHAM. North Sea Investigations. Jousrn.
Mar. Biol. Assec, Vol. IV. 1895. p. 13
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Area (.—This ground with regard to plaice is very similar in its characteristics to
area M. Good catches of plaice are to be made here at nearly all times, the average only
once falls below 312 cwts. But extraordinary large catches are taken in some months,
as in March and July of 1905, and in September, 1904 (331 cwts.). Without these
exceptional catches the trend of the figures appears to be a gradual rise from the
beginning of the year to March or April, a fall to May, a rise to August or September,
after which as far as we can tell from the incomplete figures there is a decided falling off.

In March, 1907, we notice a sudden appearance of shoals of small plaice on the
Borkum Inner ground, as many as ten baskets being sometimes taken in one haul. But
these hauls, though large, are nothing like those of the same month in 1905, when about
seven times the quantity was caught. Most of the large catches were made on the
Borkam Inner ground. Other parts of the same area did not show such a large
population. The average of 25'8 cwts. in July, 1905, is obtained from hauls made by a
skipper on the Heligoland ground. His catches in August on the same place are also
greater than those of the other skippers who fished about Borkum and Terschelling. It
1s probable that the fish have come here out of the shallower waters off the Danish coast
(area M). The large hauls of September, 1904, were made on the Norderney and
Borkum grounds.

Like the other eastern areas the plaice population is essentially a small fish one.
This class forms 84 per cent. of the total. Medium plaice are present in large quantities
in the exceptionally large catches (March, July and September), but they are in smaller
proportions of the whole than in the other months. The number of large fish in this area
1s negligible.

A comparison of the monthly averages year by year shows on the whole a decline in
the average catch, between 1905 and 1907, and also between 1904 and 1907 sometimes,
although it is” very seldom that the 1904 averages are reliable enough for comparison.
This decline is noticeable in March, April, May, and July. In August, 1907 is the
best year. The last four months of the year do not give figures sufficient for comparison
of the yearly catches. 1907 was, on the whole, a somewhat better year than 1906, but
the mean averages of these two years are considerably less than those of 1904 and 1905.

Area W.—The averages of hauls in this area show the presence of a large quantity
of plaice, all medium and small, the small being about 69 per cent. of the catch. We
cannot ascertain the seasonal fluctuations from these figures as very little fishing took
place. The highest average ontained is 7-39 cwts. in June, about which time of the year
a large quantity of unmarketable plaice was thrown overhoard.

All these eastern areas are very well stocked with plaice, and exceptionally large
«catches are sometimes made. The catches fluctuate exceedingly, the maximum quantities
in the autumn being very large and the minimum very low, sometimes amounting to
almost complete absence. Two maximum periods are evident in areas M and Q, and one
in area H, where the spring maximum is not marked. The summer minimum in M is
probably due to an offshore migration of all sizes of fish present, the larger ones not
returning again when the small ones appear to form the autumn maximum. The
predominant population is of small fish, but the character of the catch changes in the
course of the year.

In the winter and early part of the year, the small fish seem to disappear as in H,
or be less abundant in proportion ; medium fish are more plentiful than they are in the
autumn when the small fish are exceedingly numerous. Large fish are generally absent,
but their appearance in the spring is probably due to an immigration of these fish towards
the coasts after the spawning season. A large number of small plaice are thrown over-
board and lost count of in the total. There is no doubt that some men retain much
smaller fish than others, and their catches are thereby considerably augmented. One of
the men states that he keeps none under 11 ins., and that it pays him to throw them away.

Where it has been possible to make comparisons between one year’s catch and
-another, we find that the averages decline between 1904 and 1907 on the whole,

Central Areas.

Area J.—The amount of plaice in this area is very small compared with that
obtained from the shallower water between it and the coast ; indeed, the catches are quite
of a different order. Whereas enormous quantities of plaice are taken on the inshore
grounds, sometimes amounting to 20 or 30 cwts. in 10 hours fishing, no average catch in
area J exceeds 2'17 cwts., while most of the general averages are below 1 cwt.
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This is possibly partly caused by the enormous destruction of plaice on the inshore
grounds. Marked fish experiments (Danish) show that sometimes the intensity of fishing
is about 70 per cent.
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Fic. 6.—PLAICE. Area J. Monthly averages, 1904-07. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.
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The monthly catches year by year are very comparable with one another and show
much the same trend from August to January (Fig. 7), the records of February to April
are those of only one year, and the June and July records are wanting.

We may conclude from Fig. 6 that the catches from January to May are very low
(less than *4 cwt.) compared with those in the summer and autumn.. August and
September are the months of maximum abundance, and then the fish depart gradually
and decrease till January or February. We presume that June and July would not have
higher averages than August, by comparing the trend of the curve with those of N and I,
which are very similar in respect to depth and distance from the shore, and are likely to
be affected at about the same time by immigration from the inshore waters.

The average proportions formed by the large, mediam, and small fish are 14 per
cent., 64 per cent., and 22 per cent. respectively.  We see, therefore, that the predominant
population is of medium fish. Small fish are generally absent, and it is only in the
months of August, September, and October, when the whole catches are larger, that they
appear in any numbers and exceed in bulk the quantity of large fish.

The yearly fluctuations in area J are best studied by comparing the averages in each
year of the months from August to December. With the exception of October the
averages become smaller between 1904 and 1906 (there are no figures for 1907, except
in November, which is unreliable). :

The chief features of this area are :-——

i. A small population of plaice, with medium sized fish predominating.

ii. An annual wave of immigration, the late summer catches being higher than
those of the winter and spring. In this immigration a number of small
fish partake.

iii. A decline in the average catch between 1904 and 1906.
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Area N.—The curve, Fig. 8, illustrating the fluctuations of the general monthly
averages in this area is complete and fairly smooth. It is a very good plaice ground and
shows, for the seasonal fluctuations, two cusps giving maxima in March and September,
but the autumn maximum is far larger than that of the spring, the difference being
7'12 cwts. The averages increase from 053 cwts. in January to 1-50 cwts. for the
March maximum. After the minimum in April the amounts increase steadily and
rapidly to an average of 8:62 cwts. in September and then fall off to the January
minimum at about the same rate. The smoothed curve in Fig. 9 shows the seasonal
fluctuations of each group year by year.
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The features of the curve of combined averages are all present in each year on this
curve, namely, a large wave culminating in a maximum in the late summer and early
antumn, and a minimum in January, with a very much smaller wave of increase in
Febrnary or March. This secondary maximum is formed entirely by the increase in
large fish alone, for these are found in their greatest numbers in winter and spring. But
this curve (Fig. 9.) also brings out the differences in the four years. 1904 and 1906
are very similar from June to December, though in the latter the high values begin
earlier and fall off a month earlier. 1905 and 1907, especially the former, have larger
maxima in the autumn than 1904 and 1906. The spring values of 1907 are consider-
ably lower than those of 1905 and 1906. From this curve, 1905 is undoubtedly the
best year, 1907 comes next and 1906 is the worst. The comparison is also shown by
the following table, giving the quarterly and monthly averages for each year.

Months. ' 1904. ‘ 1905. 1 1506. 1907,
January-March — (1-47) 1-06 0-76
April-June 1-04 1:13 1-62 1-42
July-September 3-49 6°79 377 5°66
October-December 2-58 3-55 1-38 3-99

Average of all months 2-53 324 1-96 2-96

Small fish are found to be 56 per cent. of the total catch in the mean monthly
average, but there is a distinct change in the composition of the catch during the course
of the year. Large fish predominate up to March, and they are closely followed in
amount by medium fish, while small are hardly present at all (see Fig. 8). During the
summer and throughout the autumn, the large fish disappear and their place is taken by
a small fish population, medium fish being also fairly plentiful. The following figures
show this change very clearly.

c
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Average Percentage of Total.
Large. Medium, ( Small.
January-March dis i 55 39 6
June-October 1 32 67
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F1a. 10.—PLAICE. Area I. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.

Area I.—There are many gaps in this series of averages, but those present show
very similar features to N and J. In total amount of plaice yielded this area comes
some way between these two areas, and reaches its highest average 545 cwts. in
September, 1905. The winter catches are very small ; June is high, but there is no
evidence of a fall to July as this average is lowered by the inclusion of the 1906 figure,
which is absent in June. August and September are both high and then the curve falls
straight to January (November is higher than October in only one year).

In the first two months of the year large and medium fish only are present, medium
fish preponderating, but the proportion of *large” increases between January and
February. During the summer small fish appear. The large fish preponderate at first
but they begin to disappear earlier than the medium and small fish, and from September
medium fish have the first place. The average proportions of the three classes are as
follows :—Large 34 per cent., medium 30 per cent., small 16 per cent.

We have seven months at our disposal for comparison of the yearly fluctuations,
but the figures are so incomplete, and many months are missing, while several of those
that are present are based on an amount of fishing too small for purposes of a yearly
comparison, so that we cannot venture to draw many definite conclusions. 1905 has the
highest average in the months of January, June, August, and September. In July there
is a fall between 1904 and 1906, and in September between 1905 and 1907.
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iine, medium ; dotted line, small, and dash line, medium ; dotted line, small.

Area ).—This curve, Fig. 11, is mainly derived from the 1905 figures when there
was a great deal of fishing on the Dogger Bank. In 1906 and 1907 there were very few
records, for some of the men ceased recording their catches in those years.

The curve (Fig. 11) shows that plaice are appearing on the Dogger between January
and March, when there is a very small maximum. There is a minimum about May or
June, and then the curve rises till the secondary and much greater maximum in October.
The fall in September on the curve of combined averages (Fig. 11) is probably a chance
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occurrence as the average is based on the fishing of 1904, when very small quantities
were taken in all months of the year. The catches decline in amount after October
throughout the succeeding months to January or February., A sudden appearance of
large plaice on the Bank is noted in March, 1907, when, about the 21st of the month,
the catches increased from four fish to about 1§ baskets in a haul.

The total amount of fish taken from this area is not large. The greatest average
catch obtained is that of 3-68 cwts. in October 1905, and the smallest that of 0-20 ewts. in
January 1907.

Although this is a shallow area (less than 20 fathoms) it is divided from the coastal
ground by surrounding deep water, and for this reason and also because of the intense
fishing between the small fish grounds and the Bank, very few small fish find their way
on to the Bank. The majority of the fish are large. Small fish seem to have appeared in
appreciable quantities only in October and November of 1905. Large fish form 68
per cent., medium 28 per cent. and small 4 per cent. of the total. Compare this result
with the 694 per cent. large, 24 per cent. medium, 3 per cent. small and 3} per cent. not
distinguished, obtained by Masterman* in his area B,

The only two years we can compare are 1904 and 1905, and the latter year yielded
undoubtedly the best catches (see Fig. 12). 1904 has uniformly very low averages, and,
by contrast, those of 1905 are very large.

These four central areas show together by comparison that the quantity of fish
decreases as we move offshore and the size increases, for we have found that in regard to
the yield of plaice, N comes first with very good catches, I a very good second, but the
areas J and O seldom yield more than an average of 1 cwt. (per 10 hours), while in N the
predominant size of the fish is small, in I and J it is medium, and in O it is large.

An early autumn or late summer maximum js apparent in all areas, and where the
figures are sufficient to show it, there is another maximum but one of much smaller
extent, which occurs about March.

It is a fact worthy of notice that the stock of fish on these grounds begins to increase
in May and June, at the time when on the adjacent grounds M and Q, the stock is
decreasing. It has been noticed how the constitution of the population in some of these
areas changes about April. It is probable that the two maxima on the curve are caused
by two quite different sets of fish, the spring one by an immigration of large and
medium fish about the time of the spawning season (these being less numerous than
the small fish would only cause a small maximum), and the summer increase by an
offshore movement of the stock of all sizes of fish including small fish, from the coastal
areas M, Q and W.§ The majority of the fish probably move in a westerly direction from
the Danish and Dutch coasts, while in N and the grounds to south-west they are found
in great quantities in the summer. The maximum in O and I iz formed mainly
by large fish, the small plaice not generally migrating so far. Perhaps the larger fish
and some of the medium remain offshore and ultimately make their way northwards to
the Dogger Bank and the grounds beyond it, while the small fish remain abundant on the
-central grounds till August or September and on the inshore grounds till October and
November, after which they seem to disappear altogether during the winter. They are
supposed at this time to hibernate and so escape capture. The yearly variations in these
central areas have on the whole a downward trend from 1905, (also from 1904 in area o)
but in some months this is not apparent. 1905 is generally the best year, but we are-
somewhat hampered in drawing conclusions as to the state of the fishing in 1904, as the:
records are on the whole very few. 1907 has often higher averages than 1906.

Northern Areas.—** Below the Dogger.”

Area D.—In this area we have very deep water (greater than 40 fathoms) and here
only large fish are found, and those in very small quantities. There is a downward
trend in the averages from 0-38 cwts. in January to 0°0 in April. There are no records
in May, June and July. In August, the catch is really very large, 2:87 cwts., but this is
based in the fishing in the year 1906 which took place on the Edge of the Deep water, just
over the line dividing it from area L. The large catches made here in this month as well as
in September are a reflection of the phenomenon observed in areas L and K at the same-

* Report on the Research work of the Board of Agriculture and Fisheries, Vol. I, Table 1V,

t Note.—The detailed tables of the report on plaice investigations published by the Board of
Agriculture and Fisheries confirm the fact that it is during the summer and antumn maximum period
that the proportion of small fish is the greatest. See Report on Research work of Board of Agriculture-
and Fisheries on Plaice Fisheries of the North Sea, Vol. IT, 1906-07, 1907-08. p. 6.
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time when the summer averages are exceptionally high compared with those of the other
years, The November and December catches are very low.

Area K.—This again is another area where plaice are very scarce, the averages
being generally about 03 or 04 cwts. There is a continuous fall from September 1904
to February and March 1905, but it is one small extent. The averages do not change
much, either month by month in the same year or in the same month of different years,
and they only show any great increase in the month of September, when, especially in
1906 the catches become large. There are many gaps in this series of figures, so much
cannot be said about the seasonal or yearly changes. The population is formed almost
entirely by large fish, the only important exception being that of September 1906, when
medium fish appeared.

Area L—A first glance at the averages makes it appear that the catches from May
to October are comparatively large (gveater than 10 cwt.) while those from November to
April are very small (less than ‘40 cwts.). But to some extent this appearance is
perhaps exaggerated, as the averages are affected by the predominance of the 1906 figures.
We find that the summer catches of 1906 are exceptionally large compared with those of
1904 and 1905. (For 1907 we have no figures in the summer.) It is however probable
that the trend indicated by these figures is correct and that the summer catches,
beginning in May, are higher than the winter ones, but not generally to such a great
extent as is indicated by the general averages. The main bulk of the catch is of large
fish.
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F1a. 13.—PrLAICE. Northern Areas D, K and L combined. Monthly Averages (smoothed
curves), Continuous line represents all gizes combined ; dashed line, large fish ; dot and dash line,
medium fish.

These three areas (see Fig. 13 for a representation of the averages of the combined
catches of the areas) are frequented mainly by large plaice which are never numerous,
most often only three or four fish being taken in a haul. The catches do not fluctuate
much, but are somewhat greater in the spring and summer than in the winter. 1906
seems to have been an exceptional year with regard to its summer hauls, which gave
many more plaice than usual in this region (averaging between two and three cwts.).
Had the averages been more complete for the surrounding areas than they are, we
might have been able to trace the course of these extra abundant fish towards these areas.
A point which suggests itself, but wants confirmation, is that in 1906 the plaice penetrated
the deep water and further north to a greater extent than usual, because of the excep-
tionally fine and hot summer that was experienced in that year.* It is noticeable, too,
that in the more coastal areas, at least on the eastern side, 1906 was a very poor year.

Southern Areas.

Area S.—This area corresponds in position to a part of the northern areas discussed
in my paper on the Lowestoft trawlers.f As far as concerns the seasonal fluctuations,
the curve (Fig. 14) may be said to corroborate the conclusions there found. There is an
annual immigration into this area giving maximum catches in the summer, and the curve
falls away smoothly on either side of this maximum, showing that the fish are leaving
this ground in the autumn and winter. We found in the Lowestoft trawling statistics
that the fish migrated into this area and formed a maximum in the summer, and left it
after this season, some of them to migrate southwards in the winter towards the spawning
grounds. With regard to the February and March values, which are higher than April,
it should be explained that neither of these are reliable, as the February average is based
on two hauls only, and nearly all the March hauls were made on the “ Well Bank” on
the borders of areas S and R, and might even belong to R rather than S (see p. 8).
The hauls made away from this border line give a much lower average (about *8 cwt.).

® See p. 2D. 1 Loe. cit.
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The bulk of the fish that migrate on to these grounds in the summer probably come
both from the southern grounds of the Flemish Bight (after the spawning season) and
also from the Dutch coasts (areas W and (), where we find a summer minimum.
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F1G. 14—PLAICE. Area S. Monthly averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.

Fish of all sizes are found in this area, but Jarge fish form but a small proportion
of the total. The hauls in April, November and December are made by one man, who is
evidently biased in his judgment of size. Neglecting these months and the averages of
February and March, we obtain from the average of the remaining six months the
following proportions during the summer :—Large, 6 per cent., medium, 47 per cent.,
small, 47 per cent., so that the bulk of the population is seen to consist of medium
and small fish in equal proportions.

A comparison of the catches in the different years made of the averages of June to
October, which are the most reliable, shows that there is sensibly a decline in the average
-catch between 1904 and 1906. 1904 is always better than 1906, and it has larger catches
than 1905 in two of the four months July to October. The few 1907 averages present
compare favourably with those of 1906.
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F1G. 15.—PLAICE. Area T. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.

Area T.—The somewhat irregular fluctuations of the general monthly averages for
this area are eliminated in the smoothed curve of Fig. 15, which shows that the stock
of plaice fluctuates between one and three and a half cwts. (per 10 hours) and maintains
a higher level in the summer than in the spring and winter. There is a minimum about
January, 1906, and the trend of the curve points to the existence of similar minima at
about the same time in the other winters.

The plaice population is very mixed in character, all sizes being found, and in the
general averages they appear to fluctuate irregularly and independently of one another,
How far this may be due to the fact that the groups of fish migrate through this area
from the surrounding areas at very different times, or to personal errors on the part of the
fishermen in classifying the fish, it is impossible to say. Most probably the latter reason
has a good deal to do with this irregular appearance. The average proportions are as
follows : —Large, 30 per cent., medium, 44 per cent., small, 26 per cent.
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There is no evidence of any great increase or decrease throughout the period, but the
smoothed curve suggests that 1905 was the best of the three years, 1905-1907 (we leave
1904 out of account, as all the averages are based on too few hours’ fishing to be reliable).
[n April and May, 1906 is higher than 1907, in June and July, 1907 is better than 1906,
but 1905 had the highest averages in July, September, October and November.

Area V.—In this area the spring catches are small compared with those of the
summer. July, August and September are all very high, and so are May and June, but
the averages for these two months are unreliable, The autumn and winter averages are
lower than those of the summer. There is a very small range of difference (a little over
one cwt.) between the greatest and the least averages. This ground has in it some very
deep pits, and, as may be expected, small fish are rarely found. The catch mostly consists
of large and medium fish in the average proportions of 62 per cent. and 33 per cent.
respectively. One skipper remarks in October, 1907, that * the plaice we get in the
Pits are very large at this time of the year.”

The most shallow of the southern grounds, S, yields the greatest amount of plaice.
T comes next, and V gives the smallest yield, for here is found the deepest water. All
three areas have their period of greatest abundance in the summer and their least in the
winter and spring. In areas V and T the total stock is neither greatly increased nor
much decreased by the annual migrations. '

The average size of the fish increases as we go northwards through these areas.
Medium and small predominate in area S (the shallow area), medium in T, followed by
large, and the large fish in V (the deepest).

These proportions are not, however, by any means constant. The variation may be
caused by different stocks of fish migrating into these areas from the Flemish Bight and
the eastern and western coastal areas at different times.

In one of these areas we have found the annual average yield is declining, in the
other two the evidence is by no means conclusive.

Western Areas.

Area II.—The few averages present are not really representative of this area
Apparently exceedingly small quantities are found in the early months of the year.
Eight hauls in June give very good quantities, but out of four in July only one yielded
any fish, Only small and medium fish were found.

Area R.—This ground gives a fairly good yield of plaice, the general averages for the
first eight months of the year fluctuating between 34 and 4} ewts. There is a downward
trend from the maximum in June to an autumn or winter minimum of about 2 cwts.,
which is not a great drop. The cumulative rise from November to June and July is quite
significant, but the minor irregularities of the curve (Fig. 16) are not so.
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F16. 16.—PrLAICE. Area R. Monthly averages, smoothed curves. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small.

The majority of the fish are medium sized, but both large and small are present. It
can safely be said that the peculiar appearance of the curves, where the maxima and
minima of the large fish appear to alternate with those of the small fish, is an unnatural
one. It is brought about by the fact that nearly all the hauls in this area were made by
two men who were biased in opposite directions, one to classify the greater part of his
catch as “ large ”” and the other, to have but few “ large ” and many more small. When the
hauls of the former preponderate, as they do in September and October, we have a
maximum of large fish. When the hauls of the latter preponderate as in February,
March, June, July and August we have a maximum for small fish.

We cannot say much about the yearly fluctuations., In the month of May, when it
is possible to compare three years, we find a distinet decline in the average catch between
1904 and 1907.
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Area X.—The December to March averages are all based on the result of very little
fishing, and we do not know that they are really representative. From April to July the
quantities maintain a fairly high level, after which there is a slight decrease. On the
whole a fairly steady level of population seems to be maintained throughout the greater
part of the year. The stock consists almost entirely of large and medium fish, small fish
seldom averaging more than 003 cwts. Large fish are considerably in excess of the
medium and form 60 per cent. of the total. Medium are 39 per cent. and small
1 per cent.

Area P.—The few odd hauls made in this area yield averages which are nearly equal
to those of the adjacent area X in the same month. Large fish preponderate even more
than they do in that area. Small fish are altogether wanting.

In investigating the western areas we are much hampered by the many gaps in the
series of monthly averages, and any attempt to draw conclusions from such figures as are
present must be regarded as merely provisional. However, the following ideas suggest
themselves and await corroboration. The stock of plaice is very much smaller than on the
castern grounds off the continental coast and by contrast with these is subject to a very
small range of variation. Areas X and P give an average yield of under 2 cwts. R is the
hest ground, and, like X, keeps up a high level for a considerable number of months.
The proportion of large fish increases and that of the small decreases as we move outwards
from E to R and thence into the deeper waters of X and P. ;

Spawning.

We have observations on the maturation and spawning of plaice for the. three
spawning seasons 1904-5, 1905-6 and 1906-7. These were recorded by the skippers on
the ordinary record forms, and were kept very consistently during the first two seasons.
But a few of the skippers failed to give any spawning records at all, and some of those
who made observations in the first season omitted in the others to note the spawning fish
at the same place and time. For this reason it was found impossible to summarise the
results numerically, more than has been done in the table (Table VI.). In this, for each
area, the total number of hauls where spawning or maturing plaice were recorded, are
given as the numerator of a fraction, whose denominator is the total number of hauls
made in that month in the area, by the skippers who record spawning fish. In addition
to these, there are notes made by one particular skipper in his summary of the voyages,
that the fish are maturing or nearly ripe, without specifying the number of hauls in which
they occur. These observations are entered in the table at the appropriate areas by
significant signs.

TaBLe VI.—Showing the number of hauls in each area in which maturing or spawning
plaice are recorded.
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Maturing plaice are pregent in hauls from areas marked thus,* and plaice which are described as
full of roes or spawn are present in hauls in areas marked thust. The number of hauls is not
specified: The numerator of the fractions denotes the number of hauls when records of the presence
of spawning or maturing plaice were made and the denominator, which is given as a means of
comparigson, is the total number of haulg in the area for each month which are made by those men
who record the spawning figh. .
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The season of maturation begins in September. In this month and the following
the fish are described as “ beginning to have roes in them ” and “ spawn forming.” In
November and December they are full or “getting ripe,” and in many cases actually
spawning. In March they are generally spawning, and then the season seems to end.

With regard to the distribution, the table shows that they are present in a greater or
less degree in most of the areas, the occurrences being greatest in the deep water areas.
They are hardly ever present on the shallow eastern areas H, M, Q and W, nor in the
southern areas S, T and V, although we cannot speak with any certainty about these
last two areas, as the hauls of January to March were made by men who seldom record
spawning fish at all. However, the large fish are never numerous in this region at this
time. In area R there were some plaice mentioned as being heavy with spawn at the end
of December 1905, but there are no records of spawning fish. Of the other western
areas, X, Flamborough Off, &c., seems to be a spawning area, for large numbers of
spawning fish are recorded there in a few hauls taken during the spawning season. In the
north-eastern areas, A, C, B and also area P, there is either none, or very little, fishing at
the spawning time. On the Dogger Bank both maturing and spawning fish were present
in the first season. In the second season only full fish were found, none actually
spawning, and in the third, when there was a good amount of fishing on the Bank, none
were recorded. It was the same case on the adjacent grounds lying to the north of
the Bank. In January and February maturing fish were present, and in March a
considerable proportion were spawning. In the second season fish  with spawn forming ”
were present in September and December. After that, and in the next season, none were
noticed, although these grounds were well sampled during the winter months. Both
maturing and spawning fish are present regularly on the central areas J, N and I. In
these the depths are all over 20 fathoms.

These records are generally entered as “ few large spawning,” and it is only in the
deep water areas (over 30 fathoms) that they form any large proportion of the catch.
Only in a very few cases do they mention medium plaice as being “ full of spawn.”

One of the most important of the spawning areas of plaice in the North Sea, that
in the southern region®, lies altogether outside the region fished by these Grimsby
trawlers, and this shows a more definite accumulation of spawning plaice than any of the
areas in the central region,

Summary.— Plaice.

a. Distribution—The distribution of the plaice over the central part of the North
Sea, according to the abundance in the average catches, is shown in Fig. 17.

Exceedingly great amounts of plaice are taken on the eastern grounds, off the coasts
of Denmark, Germany and Holland (areas H, M, Q and W), and the grounds adjacent to
these give also a fairly good yield. The western grounds off the English coast are much
more poorly supplied than the eastern inshore grounds, and here we find the conditions
are very different. The shallow coastal waters are not of such a large extent, as the deep
water off Flamborough Head comes almost to the coast. The ground is very much
rougher and is unfit for trawling in some places, and these conditions are probably more
unsuitable for the growth of the young plaice. The off-shore grounds have a less
abundance, the quantities decreasing as we move off-shore, in a northerly direction and
into deeper water. Thus 8, I, J, K, G and C form a rough series, as do also S, R, T, V,
[, and D, in a descending scale.

The Dogger Bank (area O) is unique. It is a shallow area lying in a central position
oftshore, and quite surrounded by deep water. Its yield corresponds more to that of the
offshore areas J or L than to that of any of the shallow waters.

In some of the northern grounds plaice are very scarce, and are often absent in many
hauls.

These figures also show the known law of distribution according to size. The
average size increases in the more offshore and deeper waters. The areas with very large
catches have a predominant small plaice population. The central areas with the inter-
mediate quantities have a mixed population. The northern areas with deep water, and
also the Dogger Bank, have almost entirely only large fish.

The proportion of * small ” is much greater on the eastern than on the western side
of the North Sea.

* LEE.—Report on the Lowestoft Sailing Trawler Records 1903-06. [Internat. Inves. Mar. Biol.
Assve. Report I1., Part V., Cd. 4641, p. 104.

ef. also REDEKE and VAN BREEMEN. Distribution of eggs and larvae in the goutherly N. Sea,.
Verhandelingen uit het Rijksiustituut voor het Onderzoek der Zee, p. 34 and Chart III.
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“Small ” form the largest bulk of the fish landed and with * medium ” are 90 per
cent. of the total. Thus a small proportion only of the plaice captured in the central part
of the North Sea have attained maturity.
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Fia. 17.—CHART showing the distribution of PLAICE according to the mean monthly average catch
in various areas, and the periods of maximum abundance in the different regions.

b. Yearly variations.—These have been studied as far as possible by a comparison of
the average catches in the corresponding months of each year, but the resulting variations
are by no means uniform over the whole of the region investigated. In many cases it was
i impossible to draw conclusions owing to lack of data. _

On the eastern grounds we find a decline in the average catch between 1904 and
1907 ; sometimes 1905 was the best year. In most of the central areas we have a
downward trend from 1905 and sometimes from 1904, but there is evidence in some of a
recovery to larger catches in 1907 after minimum quantities in 1906.%

About the north-eastern areas we are not able to draw any conclusions as to the
yearly fluctuations.

In the grounds north of the Dogger there is a marked increase in the summer of
1906, the catches being two and a-half times those of the two previous years. This may,
perhaps, be explained by the somewhat unusual conditions of temperature and salinity.
A study of the temperature and salinity charts of the Quarterly Bulletins of the
International Council shows that on the whole the surface temperature of the sea was
somewhat higher in 1906 than in the other years of this period,} ana »n p. 32 of No, 1,

* Cf. The Dutch Statistics. Jaarverslag omtrent het beheer vande Visscherhaven te Ijmnuiden,
1908 (Table IV.). The trend shown by the average catch of plaice for these years is the same as this.

t See also Conseil Perm. Internat. pour U'Explor. de la Mer. Bulletin Trimestriel. 1906-7.
Partie Supplementaire, p. 64.

NoTE.—Since the writing of this paper, more detailed and summariged information as to the
surface temperatures of the North Sea is to hand in a paper by Mr. F. G. Young, B.Se., in the Fourth
Report (Northern Area) of the North Sea Fisheries Investigation Committee. He shows that in 1907
the mean surface temperature was much lower than in 1906, this fact being attributable mainly to the
severe winter experienced over Western Europe in 1907 (p. 76) and that the yearly differences were
greater and more extreme in the southerly parts of the North Sea.
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1906-1907, August 1906, we have the following remark :—* Salinity is remarkably low
in the eastern and southern parts of the North Sea. The 34°/__ line has an extraordinary
westerly position. The 35°/_, water in the north-west part of the North Sea is not
smaller than usual. A comparison with the mean salinity charts shows that the 35°/
isohaline as well as that of the 35°25°/_, isohaline, during August 1906, penetrate deeper
and more extensively into the North Sea than the corresponding mean isohaline.”

Perhaps these conditions influenced more of the fish to seek the deep northern waters
to a greater extent than usual.

There is apparently a yearly decline during some months in two of the southern and
western areas, but there is very little definite evidence to be obtained from these areas.

A rough measure of the general decline is given by the following figures. These
have been obtained thus. Taking each set of monthly averages, each year’s catches (total
weight, all sizes) have been compared with the ones preceding. All averages based on
less than 30 hours fishing have been omitted in making this comparison, The
number of averages in which a decline occurred are given, irrespective of the extent
of that decline.

The 1905 average is less than that of 1904 in 13 months out of 40

s 1906 % i 5 1904 in 24 % o0
1907 B, N aee 1004 i 18 Nt | o - 9B
, 1906 & B s 1905 in 31 S y 46
5 1907 9 » » 1905 in 23 2 ” 34
s 1907 " " i 1906 in 12 s ~

From this we see that generally speaking there was a decline in the average catch
between 1904 and 1907, but that 1905 was somewhat better than 1904 and 1907
than 1906.

¢. Seasonal Fluctuations and Migrations.—The curves show that a definite periodical
variation occurs in the stock of plaice in most of the areas, resulting in one or two maximum
periods and corresponding minimum periods of abundance. This change is due mostly to
periodic seasonal migrations of the fish. For instance on the ““ Eastern grounds " we find
enormous quantities in the late summer and autumn, but in early summer and winter
they are very scarce. These grounds and those offshore grounds adjacent to them are
subject to far greater variations than those on the English side, where the stock of plaice
is smaller but much steadier.

Many of the areas, such as the north-eastern and eastern areas and the Dogger Bank
have a maximum in September or October. The central areas have increasing quantities
in the summer ; the southern and northern areas throughout the greater part of the
summer maintain their highest level. Some of the eastern grounds have a spring
maximum as well., The most obvious migration observed is that of a spring and summer
offshore movement from the Danish and Dutch coasts, commencing about April or May
when the central, southern and offshore grounds begin to increase their stock.

A change is found to take place in the constitution of the catch during the course of
the year. Large and medium fish are in greater proportions in the spring than in the
summer and autumn, and this is probably due to two definite migrations of different sets
of fish. Large and medium fish are present in the shallow grounds about April, just
after the winter spawning season. They are scattered all over the offshore grounds during
the summer, some probably remaining and ultimately making their way to the more
distant grounds, while the smaller ones migrate back towards the coast for the antumn,
reinforced by the growing small plaice population of the Duteh and Danish nursery
grounds which have been hitherto too small for capture or have migrated from still
shallower waters more inshore. In most areas (except R and X) the winter catches are
low. Small fish do not seem to be caught at all, and they are probably hibernating at
this time,* and we know that for some of the large fish there is a definite southward
migration for the purposes of spawning which takes them altogether out of this region,
In the western areas the winter maximum is probably also connected with the spawnin
habits. There is some evidence of a southward or south-eastward movement through the
eastern areas at the approach of winter, October to December, especially of the great
shoals of small plaice before they settle for their winter rest.

d. Spawning.—There is no direct evidence of any accumulations of plaice in this
region for spawning purposes, but a good deal of material is lacking in the winter spawning
months in those areas (such as X) which are known from other sourcest to be spawning

* HEINCKE & HENKING. Schollen and Schollenfischerei, p. 17.
t WALLACE. Maturity of Plaice. Iniernat. Invest. Mar. Biol. Ass., Report II., Part IT. Cd. 4641,
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areas. They are found maturing in all the deep water areas and offshore grounds in the
months of December and January. Spawning fish are found in most of the same areas
and are observed in the months of December to March, most of them being in January to
February. Most of the fish recorded as spawning are large, and these form a very small
proportion of the total.

B.—SoLEs,
Introduction.

The numbers of soles caught are recorded in pairs on the record forms supplied to the
fishermen, who always keep the size distinctions of “large,” * medium,” and *‘slips” or
“small.” These were tabulated according to the areas on the chart correspending to their
place of capture, and totals and averages calculated for each area for each month, the
numbers of fish (not pairs) in each size group and in the total catch being given.

Although the total yield of soles never amounts in bulk to anything like that found
for plaice, for they are always few enough to be counted individually, while plaice are
caught in basketfuls numbering hundreds, yet there is as much variation proportionally
in the yield of the different grounds as there is for the more abundant plaice. For
instance, the highest average obtained is 311 per ten hours fishing, in July, 1906, in area
M, while on the Dogger and some of the northern grounds we get as a maximum two or
three fish in the same time. Therefore, when we speak of * very large catches” or
“ abundant shoals,” it must be understood that these are but comparative terms used in
relation to other more normal catches of soles on the same ground.

In some areas soles seem to become very localised and will congregate in some parts
of them in large numbers, leaving the rest of the area very sparsely populated. We find
this in areas where there are deep pits, or ground specially suited to them. Moreover,
they are limited in this region, as they are never found very far north and their limits of
relatively great abundance are readily definable.

The total quantities of Soles and proportions of Large, Medium and Small,

TasrLe VIL—Showing the total numbers of large, medium and small Sores, taken
by certain skippers in each year, and the percentage of the total formed by each

category.
Total Number of Soles. Percentage of Total.
Year.
Large. } Medium. Small. All sizes. | Large. | Medinm. | Small.
1904 2,178 ‘ 12,703 9,916 24,797 g 51 40
1905 12,589 ’ 23,992 16,693 53,274 24 © 45 31
1906 9,728 34,651 11,872 56,251 1d 62 21
1907 6,052 | 16,468 9,492 32,012 19 51 30
Total 30,547 | 87,814 | 47,973 166,334 18 53 29

This table shows that the greatest proportion by number are medium sized soles,
which are over one-half of the total number caught. The large fish are not quite so
numerous as the small fish, but their bulk in weight would be considerably greater.

The monthly averages are arranged in the same way as for plaice, and are discussed
in the manner employed for that species, each area being taken separately and then after-
wards discussed in its relation to other areas of the same group.

Yearly Fluctuations.

For the reasons set forth in the first section, we cannot obtain a single yearly average
for each year of the period, but by the same methods of comparison used for plaice we have
discovered no evidence of a general decline. Where it has been possible to discuss this

_question in the single areas it has been done, and also a general idea of the yearly changes,
is obtained from the following table, which has been prepared in the same way as the
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corresponding one in the section on plaice, all averages based on less than 30 hours fishing
being omitted :—

1905 is 16 times less than, and 19 times greater than, 1904 out of 40 months.
1906 is 16 times less than, and 16 times greater than, 1904 out of 35 months.
1907 is 13 times less than, and 10 times greater than, 1904 out of 25 months.
1906 is 17 times less than, and 24 times greater than, 1905 out of 46 months.
1907 is 20 times less than, and 12 times greater than, 1905 out of 34 months.
1907 is 16 times less than, and 15 times greater than, 1906 out of 33 months.

Nothing very definite can be concluded from this table as the number of excesses
and defects are nearly equal. But this takes no account of the extent of the difference
nor of the years when observations were lacking in some months. The year 1906 is
more often greater than 1905, than less than it, and is in some areas at any rate, rather
exceptional for its catches of soles.  Apparently, however, there is no continued decline
or increase in the catch over the whole area. Variations of considerable extent are
noticeable in certain areas.

The fluctuations in each area.

The monthly average catch of soles is given in Table VIII, and the variations in these
averages are shown in the following discussion.

North-Eastern Areas.

Areas A, B, and C.—No soles are recorded in any of the months in which we have
records of fishing in these areas. We may therefore conclude, that if not entirely absent,
they must be very rare on these grounds.

Area F.—Most of the hauls in this area were taken on the Tarbot Bank
(16-20 fathoms). Soles were found, but only occasionally, and in very small quantities,
One large fish was found in March, 1905. The records of June, July and August show
complete absence. From September to December they were found, in small numbers, the
argest catch being made in December, 1904, when they were taken at the rate of 317 per
10 hours.

Area G.—There are records of fishing in eight months of the year. January is the
only one of these in which any soles were caught. This was in 1905, when one man
reported four soles in 61 hours, and another three soles in 32} hours fishing. None were
caught in the following January.

The quantity of soles found in these areas is almost inappreciable. They are taken
occasionally in the autumn and winter, but never in the summer.

FEastern Areas.

NeofFish. )
0 |'90t-T /A\
-\
10 . 1 28
/.’ "}-f-‘/ ;h\<' \T\
0 el A - =
Jan  Mar May July Sep Nov Jan.
Fic. 18.—SoLES. Area H. Monthly Averages, F16.19.—S0LES. Area H. Monthly Averages

1904-1907. Continuous line represents all sizes  (smoothed curves). Continuous line represents
combined ; dashed line, large fish ; dash and dot  all sizes combined ; dashed line, large fish ; dash
line, medium ; dotted line, small. and dot line, medium ; dotted line, small.

Area H.—In this area soles are extremely scarce or altogether absent in the winter
and spring ; in the summer their numbers are considerably increased and they become
comparatively numerous in the autumn. The quantities caught from January to March
are almost negligible. There appears to be a small maximum in April (averaging 53
soles (Fig. 18). After July there is a sharp, regular and definite increase to a maximum
in October in which month the averages are as much as 32. There is a decided drop to -
November and December, although in one instance (1907) the November catch is very
high (82). Most of these figures are based on the fishing of 1904 and 1905, and in some
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Tapre VIIL-Smowing for each area the Monthly Average Number of Sorks caught per 10 hours’ fishing ; large (L.), medium (M.), and small (8.) being distinguished. The monthly total number of hours’ fishing in each area, to the nearest hour, is given as an index number. ;
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Taere VIIL (continued)—SmowiNG for each area the Monthly Average Number of Sores caught per 10 hours’ fishing ; large (I..), medium (M.), and small (8.) being distinguished. The monthly total number of hours’ fishing in each area, to the nearest hour, is given as an index number.
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months of 1905 alone (Fig. 19). The average catch per month is 177 large, 4'36 medium,
and 2'85 small, whence we see that medium fish form the largest proportion, or
48 per cent. of the total, while small form 32 per cent., and large, 20 per cent. of the
whole.

During tabulation, some points were noticed which either confirm the general features
of the curve or help to explain anomalous ones. In December, 1904, and January, 1905,
there were scarcely any soles, In April there were few, but they were more numerous
in the shallower parts (about ten fathoms) of this area, This probably explains the
small maximum on the curve.

In October, 1904, there were large numbers (from 8 to 10 pairs in each haul) which
decreased regularly and steadily throughout November to one or two in each haul. This
decrease continued till the 8th December, after which, scarcely any were taken. In
October, 1905, they appeared in good numbers in the beginning of the month, and about
the middle of the month became much more numerous, and very large catches were made.

Area M.—The grounds contained in this area (Sylt, Amrum, Horn Reef South, &c.)
are pre-eminently sole-fishing grounds in the summer and stand first and foremost
amongst the areas in this region for their yield of soles. The large catches of soles made
here, together with an abundance of plaice no doubt well justify the large proportion of
the fishing time that is spent here by some fishermen, including the time spent in
voyaging across the North Sea from Grimsby to the distant eastern fishing grounds.
The catches are so large that the curves for this area, Figs. 20 and 21, are drawn on a
much smaller scale than the others. The average of the 11 months is 68°8,
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Fia, 20.—SoLEs, Area M. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dot and dash line, medium ; dotted line, small,

This area is characterised by the great difference that exists between the abundance
at the maximum and minimum periods. In the early months of the year the catches are
exceedingly small—being little more than one in ten hours fishing—then after March a
great influx of soles occurs suddenly and this continues till July, when the total catch
of all sizes reaches 230, a number which is not exceeded at any other time or in any other
area. This sudden rise is checked by a slight fall from May to June, which occurs in
each year though it is of but a small extent. After July there is an extremely sudden
fall to August and then the curve descends gradually to December, after which the
catches, as stated above, become insignificantly small.

Large fish are not comparatively abundant in this area. They are absent from
September to March. They reach their greatest number in May, when there are 33 large
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out of a total of 158. At this period a large number of soles are spawning on this very
ground and it is the height of the season. They then decline steadily till September.
For the rest, small soles considerably exceed the large, and medium are still more
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Fig. 21.—SoLes. Area M. Monthly Averages (smoothed curves). Continnous line represents all
sizes combined ; dashed line, large fish ; dot and dagh line, medinm ; dotted line small.

numerous, especially in May, June and July. The proportions calculated from the
averages are as follows :—large 13 per cent., medium 47 per cent., and small 40 per cent.
The following is the statement of a skipper who fished regularly on this ground each
vear, and for many years previously :—* On the Sylt and Horn Reef grounds there
are no soles there up to March. Then the soles occupy the ground until the end of
May.” This was in June, 1904. In July he says: ¢ Fish are getting very scarce here
now. Soles are getting very scarce.” The first part of his statement is correct but his
own figures tell against the truth of the latter, for most of the July records are those of
this particular man and they show, at least in 1906, very large catches. Probably the
statement referred to a scarcity of soles in the more off-shore parts of this area.

Large numbers of medium and large soles are recorded as spawning in April, May
and June. There was noticeable in June, 1904, a distinet decrease in the number of
soles, mostly amongst the large fish, throughout the course of the month. In July, this
trend was not maintained amongst the medium and small sized fish.

During the course of May, 1903, the quantities of soles increased enormously between
the beginning and end of the month. There was also noticeable in another set of records
a difference in the catches from various depths. On the Horn Reef South ground where
the depths are 14-17 fathoms, few soles were found and these were mostly medium, but
in 9-12 fathoms a little later on, all sizes of fish were present in great numbers, and of
these, the large and medium ones were spawning. KExactly the same phenomenon was
observed in another man’s records of fishing at the same time. In June, 1903, the
number of soles had increased and again it was especially in the shallower water
-(10-11 fathoms), that there was a large number of spawning fish. In all depths the
numbers decreased in the latter part of the month. 1In several hauls in July, 1907, and
in a few in June, a skipper took a large number of “ very small soles.” There would be
about 15 or 20 pairs in each haul, and these have not been included in the figures, as
there is a great probability of their being, not small soles, but solenettes (Solea lutea).

To judge of the fluctuations in the catch year by year, we have a very good number of
months for comparison. A first glance at Figure 21 and at the corresponding averages shows
us that 1906 has very much larger catches than most of the other years, and the following
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figures are also telling. 1906 is greater than 1904, four times out of five ; than 1905,
five times out of five ; and than 1907, six times out of six, 1907 is less than 1904 and
also less than 1905 in three times out of five.
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Area (Q.—It presents in regard to the catches of soles, many similar features to the
area M, to which it is also comparable in respect to its depth and relation to the coast.
The main feature of the curve (Fig. 22) as in the previous area, is a single annual ebb
and flow in the stock of soles with the maximum abundance occurring somewhat later in
the summer.

The numbers caught, though large, by no means equal those of M, the average of
the five months May to September, being a little over one-half that of the corresponding
months in M. The average of the 11 months is 53-1. The rise from 1'3 in February to
1061 in August is very steady and regular. After this month the curve descends to the
winter minimum irregularly, the amount of fishing in the last three months being very
small and the averages therefore unreliable.

Medium and small soles are of about equal frequency (41°6 per cent., and 403 per cent.,
respectively) and their fluctuations agree with each other and with those of the general
curve, but large soles (181 per cent. of the total) behave differently. In common with
the other sizes, they partake of the general movement into this area until May, when
their numbers form the largest part of the catch ; then, instead of continuing in the
-general rise till August, they diminish in numbers by degrees till, in September, they are
absent altogether. In May, 1907 this departure is particularly noticed to take place just
at the beginning of the month. In August, 1905, a series of hauls was made on the
Eider ground. The catches here were large, but consisted entirely of medium and small
soles,

The numbers increased considerably between July and August 1905 on the
Heligoland ground. Most of the 1907 fishing took place on the Terschelling ground, as
did also the fishing during October, 1906, which as well as October, 1907, yields a high
average. .

lgn a comparison of the yearly averages we find that 1907 is perhaps the worst year
of the four.

Area W.—The few hauls made during the spring and summer in this area can show
us no more than that very fair numbers of soles were to be taken on this ground and that
large fish are present during the spring months only, decreasing from May onwards ; the
catch in the later months consisted entirely of small and medium. The highest number
in any month is 26 in one haul in September. The other averages are under 50 per
ten hours.
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These areas are characterised by one large wave of immigration of soles during the
year, culminating in very large catches, in summer for two of them, and in October for
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the third (Horn Reef North). In order of importance M comes first, then Q and then W
and H. TIn the winter, soles are practically absent from these grounds. Medium and
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small fish predominate in the catches. Large fish appear more during the spring
spawning season and their departure commences earlier, about June, just after the
spawning period. Where we could make reliable comparisons it was found that 1906 had
much larger catches than the other years—1904 and 1905 were fairly alike—and 1907
was the worst,

Central Areas.

Area J.—Boles are very plentiful here at certain times of the year and absent ut
others, and like the adjacent inshore areas, H and M, the area is characterised by the
great difference in its maximum and minimum catches, and by the annual ebb and flow in
its stock of fish. The average catches of May, August and September are all very low,
and presumably too, those of June and July also, though there are no records in these
two months. But we might expect it to be so, as the coastal areas are at this time so
well stocked with fish, and the trend of the curve (Fig. 24) points to absence in the
summer. The curve ascends rapidly from October onwards, showing that soles are
quickly appearing in these waters as the cold weather approaches. They probably come
from M through area H, for the maximum in H comes later than in M and about
November they begin to disappear rapidly in H and to appear quickly in J. December
should be the maximum month and not November, as one would suppose from the
enrve (Fig, 24). These irregularities are smoothed out in the smoothed curve (Fig. 25).
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Following the course of the figures for each year separately, one finds that December
is really greater than November, while the fact that there was a greater amount of fishing
in November, 1906, and less in December, 1906, compared with the other years, and the
catches in this year were extraordinarily large, makes the November general average
appear considerably higher than that of December.

The January catches are low, but they are based on the fishing in only two years and
may not be altogether representative. The very high value for February represents the
average catch of ten hauls in February, 1906, on the edge of the Oyster ground. The
averages in the succeeding months show that soles leave these grounds at the approach of
spring and summer, so that, when May arrives, they are almost all gone. -

15360 _ B
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Soles of a medium size predominate in the catches and form 68'1 per cent. of the
total. Large soles (84 per cent.) are numerically less than slips (23'5 per cent.).

In December, 1904, we find from the individual records that soles appear relatively
numerous about the 21st of the month, * Outside the Mud.” The shoals include large
soles, which were absent in hauls made “ In the Mud.” In December, 1905, we notice the

same feature in another set of records.
We have only three years for a comparison of the yearly fluctuations. The 1905

monthly averages are a little greater than those of 1904. 1906 had much higher averages
than the other two years, and was by far the best of the three. The ground was not
fished much in 1907, so this year cannot be compared with the others.
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Area N.—Trawling takes place over the whole of this area, and as it has been well
fished during this period, the records form a fairly complete set and allow of a very
detailed examination of the fluctuations, which are shown in a general way in Fig. 26.

The continuous smoothed curve for the four years is given in Fig, 27.
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At a glance we gather that with the exception of 1904, the summer averages in each
year are very low while the winter and autumn averages are high. In fact the phenomena
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are very similar to those described for area J, with the difference that the averages never
get quite so large, nor do they decrease to such a great extent as do those of that area.

The June, July and August catches are generally small in the greater part of this
area, but in July 1904 there is a high average of 86'6 based on 205 hours fishing. An
examination of the individual records shows that most of this took place in the Terschelling
Mud ground, just over the 20-fathom line. This is during the period of greatest
abundance in area Q, and this ground which is but a continuation of that in area Q into
slightly deeper water (20-21 fathoms), partakes of this abundance.

The August hauls of 1904 and 1907 were also made in the same place, so that the
fact that these are so high compared with the other years is thus explained. Hauls made
further out in this area at the same time yield very few soles. Now the July catches of
1904 predominate in the general average and thus form the apparent maximum and the
cusp that appears on the general curve (Fig. 26). And also some of the hauls in July,
1906, were made in Terschelling Mud, a fact which helps to bring about the same result.

The maximum periods come late in 1904-5 (March, 1905) and early in winter
1905=6 (November, 1905), and late in the winter of 19067 (February, 1907). There
is a slight fall between the November and December values and a secondary rise in
February. The catches begin to decline after February and March and there is a rapid
fall to the minimum in May or June.

The number of large soles is small and remains fairly constant throughout the year.
The monthly general averages vary between 2 and 11 (per 10 hours). Slips are slightly
more numerous, the averages fluctuating between 2 in June and 25 in October.
Medium soles, as in area J, form the chief population, but they are not so numerous
proportionally as they are in that area.

The question of yearly variations is somewhat complicated by the presence of hauls
in grounds (e.g., Terschelling Mud) which do not partake of the general character of the
whole, and show decrease in the stock in the summer. The curves in Fig. 27 do not
show any evidence of a distinct change in the stock of fish between each year. 1907 seems
to have had larger catches in the early months of the year than either 1905 or 1906.
This may be because the movement into deeper water was retarded till this time as we
find that the October to December averages of 1906 were comparatively low.
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Area I.—Soles do not seem to penetrate much further offshore than the outer
boundary of N, for we find a striking difference in the abundance in these two adjacent
areas, The quantities found in I are very small, and it is only in the winter that
appreciable catches are made (Fig. 28). Unfortunately we have no records from March
to May, but we may presume that the catches are small, as at this time the shoals are
moving rapidly out of N towards the inshore spawning areas (M and Q).

Soles approach this area and are found more plentifully in the winter when they
appear to become localised and not distributed at all evenly over the whole area. The
large catches in December, 1905, and the next month (January, 1906) were all made in
the Clay Deeps. The December hauls of 1904 sometimes contain very few soles, and at
other times a very fair number, They seem to avoid the Lower Scruff in this month, and
also the “ Hard ground at the east end of the Pits.” They are generally absent in the
summer, but in September, 1907, several pairs were taken in each haul in the Lower
Scruff. In each year they become comparatively abundant in November.
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The relative abundance of large, medium, and small fish is very similar to that
of N, i.e., medium come first—then small, and then large.

Area O.—The occurrence of soles on the Dogger Bank is very rare. From the table
(Table VIIL.) we see that 2'3 per ten hours in October, 1905, is the highest average
catch obtained. More often they are wholly absent or almost so. They appear in
greater numbers in 1905 than in 1904, and also than in 1906 and 1907 in the months
in which we can compare them. Iividence as to seasonal fluctuations can be obtained
from the 1905 averages. There is a direct fall from January to June and July, and
increasing quantities till October, after which they diminish again, see Fig. 29. Small
fish occur only as exceptions. Most of the fish present are classed as medium.

Of these central areas those lying next to the coastal grounds have large quantities
of soles, sometimes averaging over ten per hour. In contrast to these, the more central
grounds, I and O, are very ill-stocked, especially O. All areas show a definite seasonal
fluctuation—broadly speaking, it is that of absence in summer and abundance in winter,
with decreasing and increasing quantities in the spring and autumn respectively. The
minor fluctuations on the curves, due to some extent to local differences in each area, are
not sufficient to hide the main features of these areas in respect of the movement of soles.
The summer minimum lasts a shorter time in N, nearest the coastal grounds, than in the
other areas, and the complementary period of greater abundance lasts much longer in
this area, showing that the fish do not stay in the more offshore areas for any length
of time,

Northern Areas—Below the Dogger.

Area DD.—Soles are practically absent from this ground, the only records being of a
few isolated ones caught in the early months of the year (January to March). These are
mostly large fish, and are so few, numbering only 10 fish caught during over 1,800 hours’
fishing, that they may be regarded as exceptions to the general rule that soles are not to
be found in this region of deep water.

Area K.—This area too is devoid of soles. One fish only was caught, and that in
March, 1905. :

Area L.—Soles are very scarce in this area, but they are found more frequently than
in the adjacent areas D and K. The monthly averages show that they are present in
small quantities from December to March, but appear to be absent during the remaining
months of the year. The biggest catch, in December, 1905, was derived from fishing in
the extreme south-west part of this area —the ground adjacent to areas P and O.

These three northern and deep-water areas are characterised by an almost complete
absence of soles throughout the year. They do penetrate this region, however, and
are found on rare and exceptional occasions, which occur only in the winter. The
greatest proportion of these instances occur in the ground I., which is in proximity to
the Dogger Bank, and the nearest of the three to the English coast,

Southern Areas.
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Area S.—The analysis of the figures for this area has to be made with especial care,
for it was found in tabulation that very great local differences occur in the abundance of
soles.
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The general curve (Fig. 30) for the whole area shows maxima in May and
October, the latter being the greatest, and the summer depression being only slight.
This area as a whole gives only a moderate yield of soles which consists for the most part
of medium and small fish.

Since considerable difference exists in the nature of the catches from the northern
part of this area (New Zealand Ground and Tea Kettle Hole) and the south-eastern
part (Brown Bank and Brown Ridges) it became advisable to retabulate the hauls from
this area and group them according to the actual fishing grounds. Accordingly the area
was subdivided into four regions, viz., (@) The Leman ground and the banks to the
west of it, (b)) The Botney Ground, New Zealand ground and Tea Kettle Hole, (¢) The
Brown Bank and Brown Ridges, (d) Winterton Twenties and Smith’s Knoll. The
monthly averages for these areas are given in table IX. From this we see that in 1904

TasLe IX.—Showing the monthly average number of SoLes per 10 hours fishing in
the different fishing grounds of Area S. Large (L.), medium (M.), and small

fish (8S.), are distinguished. The number of hours fishing is given as an index

number.
Botney, New Zealand Brown Bank, Brown Smith’s Knoll,
Leman Ground. Ground,y'i‘ea. Kettle Hole. Ridges. Winterton Twenties.
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and 1905, quite large numbers were taken in the north-eastern part of this area, the mean
of the numbers in the five months June to October, 1904, being 65°1, of the 3 months
July to September, 1905, being 43°5, while none of the other grounds yielded even half
this amount. The differences between the other three sub-regions are not so significant,
but when we compare the averages of corresponding months, we find that those of the
Leman Ground are the highest. Between the Brown Bank region and Winterton
‘Ground there is very little difference.

The differences in the catch of the corresponding months year by year are
significant. In all cases those of 1904 are the highest, but there are too many gaps in
the observations for us to be able to measure the decline, and to determine whether the
catches for the whole year would show the same trend throughout the period as do those
for the corresponding months.

The seasonal fluctuations are determinable only from the spring to autumn, as there
is no winter fishing. In the Leman Ground, the spring and early summer catches
(1906) are very low, but increased quantities are found in the summer and there is a
maximum in the autumn. In 1904 there is a considerable increase between June and
July. In the region consisting of the Botney Ground, New Zealand Ground and Tea
Kettle Hole there is a maximum in September in three out of the four years, but the
trend in the spring is not determinate. On the Brown Bank and Brown Ridges there
is a decline from June to August in 1904, and from May to July in 1907. This May
maximum is also shown in the averages in the adjacent southern sub-area, Winterton
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Twenties, etc., where an average of 47°0 is attained, while the June and July averages are
much lower. The statistics of the Lowestoft sailing trawlers show the fluctuations in the
neighbourhood of the Brown Ridges, much more fully.* There we find a summer
minimum, as is also indictated by these figures, and an autumn or early winter maximum.
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Area 7'.— Although in this area the depths are not uniform, the catches from the
various localities are very comparable with one another. The monthly averages show a
close resemblance in trend in all the years. (Fig. 32.)

The number of soles caught are of the same order as those of area S, i.e., they rise at their
greatest to a maximum of about 40 or 50, and at the minimum they are 5'3 per 10 hours.
The curve resulting from the combined averages (Kig. 31) is fairly smooth, and shows
distinctly that there is a definite immigration into and emigration from this area, the
immigration taking place in the summer and autumn, and the emigration in the spring.
There is a regular decline in the average catch from February to April and May. The
increase begins in June, is slow at first, but is very sudden between July and August,
after which the curve continues to ascend till December. The months, September to
December, are all high, the month of maximum not being exactly determined, but- the
trend of the smoothed curve in Fig. 32 indicates that it occurs in November or
December.  In this area-large soles are apparently the most numerous class, especially
after the time when the summer immigration begins. In the autumn and winter they-
from a large proportion of the catch. The number of small soles is quite insignificant..
We have reason to suppose that this appearance on the curve, as well as that in area V, is.
to be explained to some extent by there being a personal bias in the judgment of the size.
Most of the hauls are made by a certain skipper, who calls the majority of his soles large,
while at the same time other skippers fishing in this area find a much smaller proportion:
of large soles, and many more medium and small. The figures for August, 1904 and.
and 1905, are those in which this man’s records do not appear, nor do the large soles..
The number of times in which any of the other skippers fish in this area is very small,

* LEE.—Report on Lowestoft Sailing Trawler Records.

Internat. Inves, Mar. Biol. Ass.
Report IL., Part 11. Cd. 4641, p. 107.
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so that the averages, especially those of the later months of the year, are based on his
returns, and are influenced in regard to the relative proportions of the sizes by his

- judgment. For this reason we cannot arrive even at the approximate proportions of the
three groups. .

With regard to the yearly fluctuations we find 1906 to be a little less than 1907,
while both years are on the whole somewhat less than 1905. 1904 cannot be compared
with them.

Area V.—This area, including chiefly the Silver Pits, is not at present a good ground
for soles when compared with the eastern areas, although some years ago it had the
reputation of being well populated with this fish.* Only for two months in the year
does the average exceed 15 (per ten hours).

The trend of the averages throughout the year, shows that there is a gradual decline
from January to about July. There appears to be a great influx in August and a still
greater one in September, but the fishing is very unrepresentative. The decline apparently
begins in October, but it is doubtful whether this is the case as in 1907 a skipper made a
few hauls in that month and got large catches about which he stated : * Soles are extra
large in the Pits, their market value is not so good.” His catches for November too are
better than those of 1904 and 1906, but the number of hauls is so few that the averages
for the last three months are most uncertain.

These southern grounds yield fairly good catches of soles. There are far more fish
than in the northern grounds, but at their best they are only about half as productive as
the eastern grounds. All three areas show seasonal fluctuations. A period of maximum
-abundance occurs in the autumn and winter with a corresponding depression in the spring
and early summer. Area S has also a smaller secondary maximum about May or June,
but here the phenomena are rather ill defined as great local differences are found to exist.
Probably there is a northward movement of the soles from midsummer throughout area S,
which is continued into T, for here the maximum comes somewhat later (about V we
have no certain information for the winter). There is a considerable difference between
the catches in the maximum and the minimum months (about 40 per 10 hours). Of the
proportion of large, medium and small we have no reliable knowledge.

Western Areas.

Areas E.—The averages of hauls in this area, few as they are, show that very large
catches of soles are to be found here. They approximate somewhat to the numbers
caught on the continental side of the North Sea. The inshore parts of this ground are
known to be one of the English nursery grounds for soles. No large fish were taken, all
being medium and small. It is a curious fact that these hauls were all made by the same
man, yet his proportions of medium and small vary greatly.

NOof
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F1e. 33.—SoLEs. Area R. Monthly Averages (smoothed curves). Continuous line represents
all sizes; dashed line, large fish ; dash and dot line, medium ; dotted line, small.

Area R.—Seeing that this area is adjacent to an English nursery ground for soles, it

* Cf. Cunningham’s Investigations in 1895, when from 3 to 10 boxes of soles was the usual
- quantity landed from the Silver Pits.
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is not surprising to learn from the curves that it gives a good yield of soles. The catches
are sometimes very high, the highest being over 80 in December and February, and the
lowest about 3 (per 10 hours). There is indeed a period of comparative scarcity in April,
May and June, but this minimum is of short duration. The September and October averages
too are low, but they are calculated from so few records that they are probably more chance
occurrences than representatives of the actual stock. This is very likely to be the case as
they were taken in the extreme north-east part of this area, the Well Bank Flat. If we omit
these two months’ averages, the quantities would seem to rise till December. The course
of the curve relies almost entirely upon the figures for 1906, when this area in particular
was fished regularly by a single fisherman (Fig. 33). But the November and December
averages are based on those of 1904 and 1905 (the latter mainly), and they call for more -
examination. Many hauls were made in and around the deep holes (Coal Pit and Sole
Pit, &ec.) which are to be found in this area, and the soles were found to be exceptionally
numerous in them. In the deep pits from 40 to 50 pairs would sometimes be taken in
one haul, while in the shallower water the number caught is generally under 10 pairs per
haul. These very large catches appeared oftener in December than in November.

The same great variation is noticeable in the January and February catches of 1906.
By April the numbers had diminished greatly, and in several hauls no soles were found.
In May they were fewer still. Throughout June they increase slightly. In July and
August still more.

The main features of the curve are the spring minimum of short duration and the
winter maximum.

Area X.—The average catches of soles from January to June and July are compa-
ratively low (= 9 per 10 hours). They increase rapidly to a very high maximum in
October (50 per 10 hours). In this area as in some others there are considerable local
differences, and it is difficult to determine the true course of the curve after October, for
in November and December some averages are high and some low. The December
average of 1905 is the average of hauls made in the Dogger Bight, where there are
apparently few fish at this time of year. The relatively small catches of October and
November, 1906, were also mostly from the Dogger Bight. On the January and February
averages no reliance can be placed. One other fact is noticeable. In October, 1905, there
were some exceptionally large catches. After getting an ordinary number of about 10 or
12 pairs in one haul, the skipper suddenly came across a large number, of say 40 pairs in
one haul. These extraordinary catches which were all made on the Fastermost and Off
grounds have raised the average for this month considerably. ILarge fish predominate in
the catches except in April, May and June, the spawning season, but this may be explained
by the fact that the greater number of these hauls were recorded by the fisherman, who as
was mentioned above, seemed to be biased,

Area P.—Here we have very few hauls. One pair of soles was present in each of the-
single hauls taken in March and April. The July average is very low ; that of September
relatively much higher. Apparently all the fish caught were large. This is very likely
to be the case as the water is here very deep, and as several skippers participated in the
hauls there is probably no bias.

The records in some of these western areas are very incomplete, but they indicate as
far as they go the presence of a considerable number of soles on the inshore and shallow
grounds. In deeper water they are much less frequent, with the exception of those very
deep holes, such as the N.E. Hole, situated in the midst of comparatively shallow water.
The tendency is shown for the soles to congregate in large numbers in these deep holes,
especially in the winter.

The minimum catches are found in spring and early summer in two of these areas
(R and X), and the autumn and, most probably, the winter catches are high. It is.
possible and probable that the spring minimum in these areas is caused by a migration
shorewards for the spawning season, similar to the one that occurs on the eastern
grounds.

Spawning.

From the table showing the number of hauls in which spawning soles were recorded
we obtain some very definite information (Table X). Obviously, the period April, May
and June is the real spawning season, the maximum proportion of occurrences coming in
May. The season in 1906 and 1907 may have been a little later than in 1904 and 1905,
as we have in both years ¢ Large and Medium Soles beginning to have roes ”’ in April, and

* CUNNINGHAM. North Sea Investigations. Journ. Mar. Biol. Ass., Vol. IV, 1895, p.13.
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in May the “ Large and Medium Soles are full and nearly ripe for spawning.” Occasionally,
but rarely, a few slips are recorded as spawning.

TapLe X.—Showing number of hauls in which spawning SoLEs are recorded.

Area. =3 7. T T i 0. |
= ’ J
May 1904 — boodh et —_ 4
June 8 — = S it YT e 25
December o 8 — 3‘ = i | o 1 A
January 1905 3 3 —_ | a2, 5 e £ 5
February ,, e — 5 ‘ 45 s = -~
March 5 25 i % s e 2 & A
April s 22 4 RgafE $ & 1 195 - o
May " — | =] - |l# | - | =1 =1*=
June - — = - | # = } = A : Bk
April 1906 ... < b v o IO e s o T
May 3 — t=— —= | § —_— —_ — —
June — | - | = | B | & = | & | -
April 1907 ... = — # = = -5
MAY " i — — =i § - = i
dmne ., i G A 2 — -
1 |

* # Large and medium soles beginning to have roes.”

§ “Very full of spawn.”

The number of hauls in which spawning soles are recorded is given as the numerator of a fraction
of which the denominator is the total number of hauls in the area during the month.

Undoubtedly the most important spawning grounds of the soles are found in area M,
where not only are most of the hauls with spawning soles made, but also the fish are here
very numerous and a great portion of the catch, at least of the large and medium fish, are
recorded as spawning. A few are also found in area Q. The soles are thus found to
seek shallow water at their spawning season. i

These figures yield no information as to the spawning grounds on the English coast,
as hardly any fishing took place in the shallow waters off the Lincolnshire coast, but we
know that spawning soles are found in large numbers in the shallow flats off Lowestoft.*

We have in 1905 a few instances of spawning fish in some of the more offshore
areas. These cases are in January to April and are in all probability of fish not spawning
but “ maturing ”” and making their way towards the shallow water for the purpose of
spawning.

Summary.—Soles.

a. Distribution—~The general comparative abundance of soles is displayed by the
chart in Fig. 34, which also shows in what season the fish were most abundant in the
various areas.

This shows that the inshore grounds off the coasts of Denmark and Germany are
very well stocked with soles and supply much the greatest average catch. With the
exception of area J, which has in some parts, more especially in the south-east, much
larger catches than its adjacent inshore area H, though less than M to which it is also
adjacent, the quantities diminish as we proceed further and further offshore into deeper
water. On the western side there are indications of large quantities in the shallow
grounds off the English coast, but the material does not supply us with sufficient
mformation to enable us to examine the conditions of distribution in that part very
precisely. However, area R is found to compare well with N on the eastern side in
regard to its maximum yield. The coastal waters off the north-east coast of England are
not investigated, so they are not included in the following statement.

An imaginary line drawn from the north-west corner of area H to the end of the line
dividing I and N, and continued along this line through areas V and X to Flamborough
Head, affords a rough boundary for the occurrence of soles. South of this line, generally
speaking, they are plentiful, north of it they are very scarce and almost entirely absent
in the summer. The further offshore we proceed the scarcer they get, and they do so, so
rapidly, that they are only found on rare occasions on the Dogger Bank and in the
grounds north of it. In the southern central grounds they are not so numerous as nearer

*¢f. LEE.—Report on Lowestoft Sailing Trawler Records 1903-1906. Internaf. Invest. Mar. Biol.
Assoc. Report I1,, Part I1. Cd. 4641, p. 109.
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the coasts, and in the most southern part of this region investigated, in the neighbourhood
of the Brown Ridges, they are comparatively scarce.
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F16. 34.—Chart showing the distribution of SOLES according to the mean monthly catch in each
area, and the periods of maximum abundance in the different regions,

With regard to size, we find that over one-half of the total number caught are classed
as medium. Small fish do not appear in the northern grounds, or on the Dogger, but
they are found to be relatively numerous and nearly equal to the medium on the eastern
grounds and in area 5. They become relatively less numerous in the central grounds
adjacent to these. Large fish generally form under 20 per cent. of the total, but in the
deep-water areas and the western areas they appear to predominate.  However, the
proportions in these latter areas are somewhat unreliable.

b. Yearly variations—There does not appear to be any regular decrease or increase
in the average catch over the whole region. 1906 seems to have been in some respects an
exceptional year. In the eastern and some of the central areas it had much larger catches
than the other years. 1904 and 1905 were fairly alike, and 1907 was the worst year.

The conditions of salinity and temperature were also somewhat unusual this
year (1906). In August, 1906, in the waters off the Danish coast, the salinity was much
lower than usual,* while the sea temperatures were somewhat higher than normal. In 1907
they were lower.

Complementary fluctuations appear in the more offshore and the southern areas,
when 1906 appears to be a very poor year relatively to the others, and 1907 a little better
than it. These facts give great support to a theory that soles are influenced greatly by
changes of temperature, and that they seek the shallow water in hot weather, and to a
greater extent tham usual in hot years. Similarly in 1893 an improvement in the
Terschelling sole fishery was attributed to the warm summer.} :

e. Seasonal Fluctuations and Migrations.—There appears to be a definite seasonal
migration between the inshore and offshore areas, and this may be described as an inshore
immigration in the spring, culminating in a maximum stock on the shallow inshore
waters in the summer. The offshore migration takes place in the autumn and winter,

* (OFf. p. 25 of present report.

t Hour. North Sea Investigations. Jowr. Mar. Biol. Ass. Vol. 3, p. 127,
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and leaves the shallow waters entirely devoid of soles. This fact is suggested, more than
proved, for the western areas by the spring and early summer minima that occur on the
curves, followed by an influx in the latter part of the year. On the eastern side the
figures are much more conclusive. That the fish move into deeper water after the
summer is apparent from the curves illustrating the offshore areas N, I and J, &ec., where
the complementary fluctuations to those in M and Q, 7., a minimum in spring and
summer followed by a maximum in autumn and winter, are clearly to be seen. Moreover
the few fish that do migrate farther north than the majority, and reach the Dogger Bank
and the grounds beyond, are found there only in the winter. We can also suppose, after
a comparison of the curves for the central areas, that the migration of the general mass
of soles from the eastern coasts is not of a very great extent, and that the outer limit of
migration of the majority stops short some considerable distance from the Dogger Bank.
Such an area as R, where, though the grounds on the whole are shallow, there are a
number of small but deep holes, where soles are found in large numbers, still more
supports the theory that soles have a tendency to seek the deep pits in the winter.

Probably these movements are connected directly with the change of temperature. A
study of the temperature charts issued in the Bulletin Trimestriel shows phepomena which
vary in much the same way as the stock of fish on these eastern grounds. In October to
December, 1905, there was a sudden cooling of the surface waters and at the same time the
fish are found to disappear quickly from area M. The winter maximum comes very early in
the season in area N —i.¢., in November—on the smoothed curve, Inthe winter of 1906 to
1907, the sea temperatures continued higher than usual up to December and then fell suddenly
in the early months of 1907 to very low values. Simultaneously, we find that the migration
from area M is delayed in 1906, the averages being fairly high up to December, while
the winter maximum in N is late and is protracted beyond the usual time.

All sizes of fish participate in the migrations. Large fish leave the shallow coastal
waters earlier than the medium and small, in fact directly after the spawning season.

d. Spawning.—Soles are found to spawn always in shallow water under 20 fathoms.
The season for spawning occurs in spring and early summer, April, May and June being
the months when most of the spawning fish are found. Nearly all the large fish and many
of the medium ones are recorded as spawning. On the western side we have no fishing
in the spawning grounds, but on the eastern side we find that area M (Sylt, Amrum, &c.)
is the chief ground on which the spawning soles congregate. A few occur in area Q, but
none so far north as area H.

C.—TurBorT.

Introduction,

These fish are found sparsely scattered over the whole of this region. The numbers
of large and small fish caught are recorded by the fishermen, but they seldom amount to
more than two or three fish per haul, and it often happens that none are taken at all.
The grounds in the south and eastern parts are the most prolific in this fish, and there is
definite evidence of regular seasonal fluctuations in these areas. Many of the curves
however, especially for the grounds north and west of the Dogger bank, are of a most
irregular character, and for this reason several have not been reproduced. The figures need
to be studied with especial caution and many reservations in drawing conclusions. - The
numbers of fish taken are so very small that a difference of one or two makes a great
difference in the average, and the variations in these are therefore very great.

The total numbers caught are given in the following table, together with the
proportions formed by the large and small fish.

TasLe XI.—Showing the total numbers of TurBoT caught by certain skippers in
each year, and the percentage of the total formed by the two categories ‘ large ” and

“ gmall.”
{
Total number of Turbot. Percentage of total.
| s R
Large. Small, | All sizes. Large. Small.
1904 e Fr 2,438 6,873 9,311 26 74
1905 3,662 6,570 10,232 36 64
‘1906 2,200 4,209 6,409 34 66
1907 1,717 3,299 5,016 34 66
Total 10,017 20,951 30,968 32 68
15360 F2
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Here we see that in 1904 a large number of small fish were taken. In the other
three years the proportions were fairly constant ; the large fish forming about one-half
the number of small. We find in corroboration of this fact that the catches in the small
fish grounds (the eastern areas chiefly) were exceptionally large in 1904.

A study of the curves reveals the fact that turbot have a much more even distribution
than we found for either plaice or soles. There are, of course, local differences, and we
find much the same law of bathymetric distribution, 7.e. a decrease in the quantities as we
proceed off-shore and northwards into deeper water, but there is nothing like the contrast
in numbers, such as was found for soles between the different areas such as M or Q and
Ior O; they are present even in the most northern grounds of this region in quite
appreciable numbers compared with the eastern grounds.

Yearly jluctuations.

In studying the curves of monthly averages, we find in some that that there is a
distinet downward trend, indicating continuously decreasing catches. Those areas where
this is not shown, are mostly those which have not a sufficient number of reliable monthly
averages to determine the yearly trend with anything like a close approximation. The
trend of the yearly variation is also shown by the following figures obtained by comparing
the averages in the corresponding months of the successive years. (All averages based on
less than 30 hours’ fishing are omitted.)

The 1905 average is 22 times less than that of 1904 out of 40 months.
The 1906 average is 25 times less than that of 1904 out of 35 months.
The 1907 average is 20 times less than that of 1904 out of 25 months.

The 1906 average is 26 times less than that of 1905 out of 46 months.
The 1907 average is 23 times less than that of 1905 out of 34 months.

The 1907 average is 19 times less than that of 1906 out of 33 months.

From this it appears that there is, on the whole, a decline throughout the period in
the average catch, for each year was more often less than the preceding ones than greater
than them. Moreover, the proportion increases as time goes on, for 1907 is less than 1904
in a greater proportion of the total months of comparison, than are either 1906 or 1905.
In the same way it is greater than 1905, more often proportionally than is 1906. And
further, not only is 1904 the best year in the greatest number of time, but there is often
a great difference between its averages and those of the subsequent years.*

The Fluctuations in each Area.

The monthly average catch of turbot for each area is given in Table XII., and the
nature of the variations are described below.

North-eastern Areas.

Area A—The averages 4'72 and 8-64 for July and August indicate the presence of
appreciable numbers of turbot, at least in the summer,

Area B.—The averages fluctuate between 0 and 4 per 10 hours. It is impossible to
determine the seasonal fluctuations from these averages as the trend is not the same in
each of the years.

Area C.—Only one fish was taken in the few hauls made in this area.
N°of
Fish
12
1904-7.
10
4 A
75 ff' \'\\\ /\
5 ( ™ \
':I: /
\\b(/ £ \\\
25 * )\ P
V’ X g

Jan Mar May July ‘Sep. Nov. Jan

Fia. 35.--I'URBOT. Area F. Monthly averages, 1904-1907. Continuous line represents all
sizes ; dashed line, large fish ; dotted line, small.

* With this continued decline we may compare the same phenomenon evidenced by the Duteh
statistics. Jaarverslag omirent het beheer van de Visschershaven te IJmuiden. 1908. Table IV, p. 72.
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) To face page 44,
Taree XII.—Suowing for each area the Monthly Average Number of Turpor canght per 10 hours’ fishing ; large (L.) and small (S.) being distinguished. The monthly total number of hours’ fishing in each area, to the nearest hour, is given as an index number.
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TasLe XII. (continued)—Smowise for each area the Monthly Average number of Tursor caught per 10 hours’ fishing ; large (L.) and small (3.) being distinguished. The monthly total number of hours’ fishing in each area, to the pearest hour, is given as an index number.
January. February. March. April, May. Juue. July. August. September, October, November, December.
Group. Aren. Year. . : T i | ‘ 7 Area.
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Area F.—This includes the * Tarbot™ or ¢ Turbot ” Bank and gives a fairly good
yield, The March average is low (‘8 per 10 hours), but June and July are high. There
1s a distinct downward trend in the curve (Fig. 35) till September. In October there is
a recovery, showing a probable second maximum period. The November and December
averages are lower than those of the summer. Large fish predominate.

Area G.—The maximum average obtained is 678 in June, 1904. The autumn
catches are lower, but there is a slight increase between August and October. The winter
averages are low, being only 0°12 in February.

f these north-eastern areas F (or A) gives the best yield, though the quantities
taken are never very large (numbering at the most four or five fish per haul). The
greater proportion of the fish are large.

The seasonal fluctuations cannot be very well determined, but from areas F and G we
have indications that the summer catches are higher than the winter ones.

Eastern Areas.

Fi16. 36.—TURBOT. Area H. Monthly averages, (smoothed curves). Continuous line represents all
sizeg ; dashed line, large fish ; dotted line, small,

Area H.—This area, the most northern of this set, seems to have a very poor yield of
turbot compared with the others. The maximum average is about five (per 10 hours).
Hardly any fish are caught at the beginning of the year and up to April; in May there
is a sudden increase. The summer catches are comparatively large, and then there is a
gradual decrease till the winter minimum. (See Fig. 36.)

In 1904 we notice the decline in the course of the months October to December by
the increasing number of hauls when no turbot were present. They were caught less and
less frequently, and after the 8th of December none were taken. In 1905 they were
practically absent in the months of January to April. Several were present in each haul
in May, and a good many of them were spawning. In October, 1905, very few were
caught, and this month was not anything if at all better than November. In one man’s
records we find none caught up to the 8th of the month, after which they occurred more
frequently.

Large and small fish are found in nearly equal numbers, though in May, when the
greatest number of fish are taken, large fish predominate ; this is at their spawning time.

The 1905 averages are generally lower than those of the corresponding months
in 1904,
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F16. 37.—TURBOT. Area M. Monthly averages, (smoothed curves). Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small.
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Area M.—This is a small fish ground, and it yields a fairly large number of fish,
but it does not hold its pre-eminent position amongst the areas, in regard to quantity,
that was found for it for plaice and soles.

The maximum averages are from 15 to 20 per 10 hours. The main features of the
curves (Fig. 37 and Fig. 38) are the winter and spring minimum and the summer and
autumn maximum, showing a considerable migration into this area in the middle of the

Ne
Fisi.
20

1904, 1905, 1907

/

LA
= N

-~ 3 )’ e \__-'.a--—..‘ - \.a

Ly

i W o ot Cn ) Tl i AR
oManquSep Nov.Jan Mar MayJuly Sep Nov.Jan Mar Mauduly Sep. Nov.Jan Mar MayJuly

Fic. 38.—TURBOT. Area M. Monthly averages (smoothed curves). Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small,

year. This maximum occurred in different months in each year. In 1904 it wasin May,
in 1905, not before June, in 1906 in July or August, and in 1907 not before July. In
1904 there is a distinct decrease during May and June, which is evident throughout the
two months. The large fish were caught very much less frequently after the middle of
June, and small fish too were noticed to be decreasing.

In 1905 it is noticed that there were very few fish up to April, when from one to four
small fish were taken. There were no large fish caught regularly till about the 25th of
May. Large turbot were recorded as spawning from the 26th May, and these increased
in numbers during June.

In April, 1906, there were very few fish, those present being mostly small. A few
more appeared in May and a lot in June, but the large fish were disappearing rapidly
towards the end of that month and none were taken in July, The course of the variations
is precisely the same in 1907, but the large fish were still more scarce. A skipper remarked
in May, 1907, that the turbot are very small—about the size of an ordinary dinner-plate.
In November, 1907, there was an exceptionally large number of small turbot, 9 and 20
taken in two successive hauls. These are probably very small fish, for we have a note by
one of the fishermen on some of the November hauls of 1905 of a similar occurrence of a
large number of tiny brill and turbot. These were not included in the 1905 average.
Large fish seem only to appear in this area during their spawning period.

[n comparing the averages of the four years concerned, we find that 1904 has

renerally the highest figures, and that there is a decline between this year and 1907.
%[owever, some of the 1906 averages are better than those of 1905.

Area (Q.—More fish are taken on this ground than in the shallow waters to the
immediate north. The curves for the two areas show very similar fluctuations, i.e.,
minimum catches in the early part of the year—a sudden increase with the oncoming of
the spawning season —a maximum about July, August or September,and then decreasing
quantities to the minimum about February.

There is no real drop from July to August as shown on the curve (Fig. 39), for in
each year the average increases between these two months. The appearance is due to the
preponderance of the 1904 figures which are exceptionally large, in the July average, and
of the 1905 figures in August, these being low. Large fish are proportionally and actually
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more numerous than in M.
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They average as high as 3'45 in July, more than double the

highest average in M. They are, on the average, 13 per cent. of the total while in M they
were only 7 per cent.
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Fia. 39.—TuRBOT. Area Q. Monthly averages, 1904-1907. Continuous line represents all
sizes combined ; dashed line, large fish ; dotted line, small.
We notice in each year a comparative scarcity of turbot in March, and that soon after
the beginning of April they make their appearance much more frequently.
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1904 seems to have been an exceptionally good year for turbot in this region. (See
Fig. 40.) Its averages are very much higher than those of the other years, and in August
it reaches the very high maximum of 44:79 per 10 hours. This maximum comes in July
on the smoothed curve. ;

The averages in 1905 are somewhat low, and between 1906 and 1907 there is but
little difference.

Area W .—There is very little to be said about this area. It probably has much the
same characteristics as area (), for we find that considerable numbers were taken in the few
hauls made here in the summer, numbers which approximate roughly to those in area Q
at the same time. Small turbot predominate.

These eastern areas all show much the same features in their seasonal fluctuations, the
appearance of the fish being sudden between the minimum about February or March and
the maximum in summer. The departure of the fish takes place more slowly, and up to
November and December there are quite appreciable quantities although they are much
smaller than in the months of maximum abundance. The average yield is very good for
the whole region, but decreases considerably as we proceed northwards, the grounds off
the Dutch coasts being the most prolific. Small fish predominate greatly in the catches,
except in area H, in which they are nearly equalled by the large fish. Large fish are most
abundant in these areas at the height of the spawning season, and quickly take their
departure when it is over.

1904 is the best year of the period. There are some very large catches then,
especially in the summer months ; 1905 is probably the worst year, although the
differences between this year and the two succeeding ones are not very great.

(entral Areas.
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F16. 41.—TURBOT. Area J. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small.
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Area J.—This curve (Fig. 41), though of a rather indefinite and incomplete nature,
indicates that the late summer catches are small, while those in the last three months of
the year are very high. The highest general average obtained is 14-37 in November : the
maximum catch occurs in December, 1904. The fluctuations are not very well
determined for the first half of the year (Fig. 42), but as the March average is very low,
there is probably a minimum about this time, followed by a secondary maximum between
then and the September minimum. The fish probably migrate into this area to form the
autumn and winter maximum after they leave the shallow waters at the approach of the
cold season.

Large fish are comparatively abundant, averaging numerically about one-half the
small fish. In the months where comparisons can be made, we find a decline in_the
averages between 1904 and 1906. October and November are exceptions to this, They
had very large catches in 1906, a fact which is probably due to local differences in the

various parts of this area.

Area N.—This area, including the grounds outside the 20-fathom line off the Dutch
and German coasts, give by far the best yield of turbot of any of the areas considered.
The lowest averages obtained are about three (per ten hours), but the general average 1s
never below 675, while the highest average is 40-29 in July, 1904, and the highest
general average is 25:85. Therefore on this ground comparatively good numbers of
turbot are to be found at all times of the year, and in nearly all months the general
average is higher than that for any other area.
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Fic. 43.—TURBOT. Area N. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small.

The general curve (Fig. 43) shows two maxima, with the corresponding double
minima. The spring values are lowest, February to April being months of minimum
abundance. From thence onwards the averages are high, but there is a slight depression
beginning in the middle of summer. This is followed by a recovery in the numbers and
a secondary maximum in November and December, after which the numbers fall off till
the spring minimum. These features are shown in greater detail in Fig. 44, showing the
fluctuations, smoothed by the method of three-monthly averages, for each year.

In this figure the small summer depression between the two maxima is quite evident
as a periodic occurrence. In each case the spring minimum is the lowest. In 1904 the
summer maximum is very high ; in the other years it is only slightly higher than the
autumn one. The curve also brings out the fact that there is a distinct downward trend
throughout the period, at least between 1904 and 1906, for 1907 does not differ much

from 1906,
15360 G
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The fluctuations in this area are such as one would expect to get when there is a
stock of fish migrating across it to and from the inshore areas. We found that the stock
on the inshore areas was increasing from the spring onwards to the height of summer.
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FiG. 44,—TURBOT. Area N. Monthly Averages (smoothed curves). Continuous line represents all
gizes combined ; dashed line, large fish ; dotted line, small.

At the same time, the stock in area N is also increasing, but it has a somewhat earlier
maximum. The large stock of fish is present over a longer period, as this area, being
intermediate, partakes of the characters of both the inshore and offshore areas, and the
time of abundance of both sets of areas affects the nature of the stock in this one. The
summer depression is probably caused by the extended migration of some of the fish into
still further inshore waters, while the secondary maximum in autumn and winter, which
occurs at the time when the stock of fish is beginning to decrease on the inshore areas, is
evidence of the return of the fish towards the somewhat deeper water at the approach of
the cold weather.

They are present in considerable numbers even in the middle of winter, and the fact
that the numbers are falling off slightly during these months may be explained by some
of the turbot passing out of this area into still further offshore areas.

As in the adjacent offshore area J, we find that the large fish are in the minority and
form about one-third of the total number. It should, however, be mentioned that several
of the fish recorded as  small” are in reality of a medium size, a fact noted by one of
the recording skippers.

There were exceptionally large numbers taken in March, 1905. These were all
caught on the Oyster ground.

Area I.—The curve of combined averages for this area is mnot very definite or
complete, but if we compare the most reliable averages we may surmise that the seasonal
fluctuations are somewhat as follows: The summer averages are fairly high, ranging
from six to nine per 10 hours. Thereis a drop in late summer and early autumn, and
a considerable influx in the winter, forming a maximum in November to January, which
in the best years reaches the value 14 or 15 per 10 hours, ¢.e. about double the summer
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values. There is no fishing in the spring, but there appears to be a downward trend
in the curve, and by analogy with the similar area N, we may suppose that there is a
minimuin at this time.
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Fra. 45.—TorBOT. Area I. Monthly averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small.

Large fish are still numerically less than the small, but they form a larger proportion
(about 37 per cent.) than in the more inshore ground N,

The 1905 averages are a little higher than those of 1904 generally, and there is no
evidence of much change in the succeeding years,
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F1a. 46.—TURBOT. Area O. Monthly Fia. 47.—TURBOT. Area O. Monthly
averages, 1904-1907. averages (smoothed curves).

Continuous line represents all sizes combined ; dashed line, large fish ; dotted line, small.

Area O.—The quantities of turbot taken on this area are very small, and in these
the large fish predominate and form 59 per cent. of the total. The general averages
(Fig. 46) fluctuate but little. From January to June they are between two and three
per 10 hours, in the latter half of the year a little more, but they never exceed five.
However, in 1905, the averages from July to November are all between six and seven.
1905 is therefore the best year (see Fig. 47), and the 1907 averages that are present
indicate very small catches in that year. The seasonal variations, as determined by the
smooth curve in Fig. 47, are not very great, but in 1904 we find a slight summer
maximum, and in 1905 the catches from July to November are about double those of
the previous winter and spring. -

These central grounds, with the exception of the Dogger Bank, are some of the
hest turbot grounds in this region, N especially having a very good supply. Small fish
predominate and form about two-thirds of the total number caught, but the proportion
decreases relatively to the distance from shore.

Some of the grounds show the features common to intermediate areas, through
which the fish migrate periodically, namely a double period of maximum. The first
occurs in early summer while the fish are approaching the inshore grounds, and the second
maximum in autumn and winter, when they leave those grounds and make their way off-
shore and become more scattered and spread out in the deeper parts of the North Sea.

The annual trend is not the same for all four areas. In J and N there is a distinct
tendency to decline between 1904 and 1906. In areas I and O the best catches were
generally in 1903, .

15360 G2




52 LEE : GRIMSBY TRAWLER RECORDS.

Northern Areas.

Area D.—This area, of all those under our consideration, presents much the
smallest yield of turbot. The catch never exceeds one in ten hours’ fishing. Tt is
greatest in January and shows a steady decline till April. The winter averages are
higher than those of the summer.,

Area K.—The average catches for this area fluctuate between one and three (per 10
hours), if we omit the May average, which is probably too hich. We find a downward
trend between January and March—the summer averages are uncertain—the autumn
ones show a slight increase on the spring ones, but those of October and November are
rather uncertain. Nevertheless, in 1904, there are indications of increased quantities at
this time.

Area [L.—This area has also very irregular fluctuations, increased and decreased
averages succeeding one another alternately. The largest catches are made in the early
part of the year. Both March and May are high, averaging 6:15 in March, 1905, and
4'77 in May, 1906. The summer averages, June to August, are, on the whole, much

lower. Large fish are the most numerous.

The quantities of turbot caught in these three areas are very small, especially in
D, where the averages never exceed one per 10 hours. In the other two areas the catch
fluctuates between one and three, and is seldom more.

The fluctuations are not very regular, and the seasonal variation for this reason
are not well marked, but on the whole the summer numbers seem to be the smallest.
The curves of monthly variation for these areas are not given, as they are too incomplete
and irregular to be of any value.
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Fie. 48. TURBOT. Area 8. Monthly averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small,

Area S.—The numbers of turbot caught are fairly good, for in seven months of
the year the general average exceeds five per 10 hours and the catches in September and
October sometimes average over 20. There are some local differences in this area, turbot
being most abundant in the northern part, just south of the 20-fathom line, dividing it from
area T : the largest catches, those of October 1905 (23'78) were taken on the Botney
ground. In the southern part of the area they were somewhat less frequent. Except in
May, small fish generally outnumber the large by a considerable number.

We can study the seasonal fluctuations only between May and October, the averages
for the other months being too uncertain. Large fish are fairly steady, varying during
this time between 1'5 and three, the greatest change being the downward trend between
June and August. The small fish have much greater fluctuations. In 1904 they have
a maximum in July, decrease slightly in August, and become most numerous in October.
There is a similar trend in 1905, but the 1906 figures, while showing the decrease in
August after the July maximum, show a very small recovery in‘the early autumn.

Taking all sizes together, we find a rise to June and July, a small decrease during
the summer, and a second maximum at the beginning of autumn,
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The 1904 averages are the highest by a considerable amount, and we find a decline
throughout the period wherever we can make reliable comparisons.
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F16. 49.—TURBOT. Area T. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dotted line, small.

Area T.—The yield of turbot from this area is very similar to that from area S
adjacent to it. The maximum general average is 13'58 and the minimum is 1-54, while
in eight months of the year the average is over seven per 10 hours.

Spring fishing only took place in 1906, and a little in 1907. The trend is
downwards from the beginning of the year till March, then rapidly upwards till June,
after which a fairly high level is maintained for the rest of the year. In 1906 and 1907
there is a decline after the maximum in May-June till about August or September.
This decline is also shown in 1905 with the exception of the high average of 21'9 in
August. The catches increase again till about November, when there is another
maximum. (See Fig. 49.)

The chief features are : a long period of greatest abundance extending over several
months, with a small depression in the middle of this time (about August), and a
decided minimum about March which lasts only for a short time.

These fluctuations are very similar to those of area N, and characterise, as in that
case, an area across which there is a double annual migration, to and from the inshore
grounds. The quantities here are much smaller than in area N.

All the 1904 monthly averages are based on very few hauls, and so are useless for
determining the seasonal fluctuations. However, they indicate the presence of very large
numbers from May to September in that year, a condition which has been shown to exist
in the adjacent areas. The 1906 and 1907 averages are also distinetly smaller than those
of 1905.

Small fish predominate, forming, on the whole, nearly three-quarters of the total.
Large fish appear to be proportionately less numerous in the latter part of the year than
in the first seven or eight months.
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Fie. 50.—TURBOT, Area V. Monthly averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small.

Area V.—The average catches here are small, on the whole being very similar to those
on the Dogger Bank., Omitting the February value (only four hours) we find that they
vary between 1:32 and 4:24 in the combined average. In 1905 two months have an
average of over six per 10 hours, but the majority of the averages are generally less than
three.

With this low stock of fish we get very small seasonal fluctuations. The winter -
values are uncertain, the March to June values are lowest, and the summer and autumn
values are highest. September and October are comparatively high compared with other
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months of the same years, but it must be admitted that the seasonal fluctuations are not
shown with any reliablity by these incomplete figures.

Large and small fish are nearly equally abundant. We notice a continued yearly
decline throughout the period in the months of July, August and September. The other
months do not admit of yearly comparisons.

The southern areas have a fairly good stock of fish, S and T comparing favourably
with some of the eastern areas—only area V has a small yield. They are most abundant
around the Botney ground.

Small fish are the most numerous, forming from twoe-thirds to three-quarters of the
catch. The seasonal variations are not very determinate, but in two of the areas we seem
to have a spring minimum period of short duration, a sudden influx in early summer, a
slight drop in the middle of summer and higher values in late autumn. The average
catches generally decline year by year between the beginning and end of this period.

Western Areas.

Area E.—Only one fish was taken on this ground during the few hauls made on it.

Fri. 51.—TURBOT. Area R. Monthly averages (smoothed curves). Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small.

Area R.—There is a very small stock of turbot here. Most of the averages are
under 15 per 10 hours. The highest average (omitting the unreliable ones) is 2-21 in
May, 1906. The course of the figures in this year, which has the most complete records,
is shown in Fig. 51, and is as follows : There is a decline from the comparatively high
values of November and December, 1905, to the early spring minimum about March. A
maximum occurs in May, and afterwards the quantities very slowly fall off. Small fish
always outnumber the large.

Area X.—This is very similar to area R in its average yield, its mean average, how-
ever, coming out somewhat higher owing to the inclusion of more fishing in 1904 and
1905, years of comparative plenty.

The maximum appears to come a month earlier (in April). The fluctuations
afterwards are small, but they are probably similar to those in R, viz., a slight fall in the
summer followed by a recovery in the numbers by November and December. The
January and February values are most probably erroneous and much too low. Large and
small fish are more nearly equal than in R.

Area P.—The amount of fishing does not result in much satisfactory information.
The March, April and September values are unrepresentative, but the July values
approximate to those of July in area X, the 1904 average, 1:50, being a little less than
that of July 1904 in X.

These western areas, by contrast with those of the east and south of this region are
most poorly supplied with turbot. They seldom average more than 1'5 per 10 hours
fishing. The fluctuations are small, and, according to the figures, rather irregular, but the
most reliable averages indicate that there is a small influx in April and May, a slight and
gradual falling oft in the summer, and another increase in the autumn. Small fish
generally predominate, but in X and P, the deeper areas, they are often equalled or
exceeded in numbers by the large fish.

Spawning.

The distribution and frequency of the spawning turbot are shown in Table XIII.
It has been prepared by taking the number of hauls in each area in which spawning
turbot were recorded, as the numerator of a fraction whose denominator is the number of
hauls in the area in which any turbot appeared. Thus we have omitted numerous “hauls
when no turbot were caught, and also the records of fishermen who did not seem to be
recording the spawning fish, for there is reason to believe that the recording of the
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spawning fish, especially of the less numerous species, was carried out somewhat
spasmodically. At any rate in 1907 we have very little of it, only one man noting the
appearance of the spawning turbot.

Tapre XIIL—Showing the number of hauls in each month in which spawning
Tureor are recorded.

The denominators of the fractions are the monthly total number of hauls by the
fishermen who have recorded the cases of spawning turbot, those hauls in
which no turbot were taken being excluded.
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* « Qpawn forming” or “spawn in.”
“ All the large turbot are very full of spawn, and several of the small ones have gpawn in them.”
“ Tarbot full of spawn, but not quite ripe.”

+—

The real spawning period is chiefly during the months of May, June and July. We
also have records in the months of December to April, but remembering that the fishermen
do not always distinguish between “maturing ” and *spawning,” we can well believe
that these are cases in which the spawn is in process of maturing. They are said to be
such in December, 1905, and January, 1906. In May and even in June there are
instances of turbot being “ very full, but some of them not quite ripe for spawning.”

This table does not show any very definite laws with regard to the distribution, for
maturing and spawning fish are found in nearly all the areas investigated. Both the
Dogger Bank and the region north of it have a good proportion of hauls with spawning
fish. Area M, off the Danish coast, has the largest number of these instances, but it so
happens that the turbot spawn at a time coinciding with the season on the eastern
grounds, when a very large number of hauls were made. In area N also, adjacent to this
and area Q, there is a good proportion during June and July.

As an instance of the irregularity in recording, one notices area S which had two
cases in 1904, none in 1905 and 1906 and several in 1907, the last being recorded by a
man who seldom records any spawning fish.

Each of these observations given in the table, means the appearance of one or two
turbot in the haul which are spawning. It is very seldom that more are found.

Summary—Turbot.

a. Distribution.—Turbot are found in all areas in the region investigated, and they
are taken at nearly all times of the year. But they are never found in great quantities-—
from 1 to 3 being the number generally taken in each haul.
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A broad line of division between the grounds most abundant and least abundant in
this fish may be taken at about the line of longitude 4° East. East and south-east of this
line we have comparative abundance, the maximum catches averaging over 25 per ten
hours. The general comparative distribution and density of this fish is shown by the

chart in Fig. 52.
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FiG. 52.—Chart showing the distribution of TURBOT according to the mean monthly catch
in each area, and the periods of maximnm abundance in the different regions,

This chart shows that turbot are most numerous in this region, off the coasts of
Denmark, Germany and Holland, the largest catches being made in area N (Oyster
Ground, deeper parts of Terschelling, &c.), where both the summer and winter catches
are large.

T%e quantities decrease, proceeding northwards and also as we go from east to west.
The quantities taken in the northern areas are very small, especially in area D, where
they are of very rare occurence. The southern areas S and T have a fairly good yield.
In the western grounds we find that turbot are very rare, both in the shallow and deep

rater areas, the average catch being generally between one and two (per ten hours), that
15, after two or three hauls.

Large fish form about one third of the total number of fish caught. They generally
outnumber the small fish in the northern and north-eastern areas, those deep-water
grounds furthest from the nursery grounds off the Dutch coasts. Small fish predominate
in most of the other areas, but they decrease in proportion as we proceed from the coasts,
while the large fish proportionally increase.

b. Yearly variations.—There is in very many of the areas a decided decrease in the
monthly average catch between 1904 and 1907, and this is, on the whole, continuous,
The greatest difference is between the first two years of the period, the last two years not
differing so very much from one another.

¢. Seasonal Fluctuations and Migrations,—Variations in the catch occur in all areas,
and in most these show a regular seasonal periodicity. It is only in such areas as the
western and northern groups, where the catches are so small, that chance fluctuations
obscure the general law of seasonal variations, that these cannot be determined with
certainty.
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In the extreme eastern areas the summer catches are the highest and the fish
disappear almost entirely in the winter. In the central areas adjacent to these there are
two maxima situated at the beginning and end of a lengthy period of maximum
abundance and separated by a small depression in the summer. ¥n most areas there is
a period of minimum abundance earlier in the year, from February to April, followed by
a sudden increase corresponding in time with the oncoming of the spawning season, and
in several cases there is a more or less marked decrease when this is over. The October to
December averages are often fairly high, those of January and February somewhat lower,
except in the northern group.

The evidence with regard to the question of migration is not very conclusive. The
most obvious movement suggested by the figures is that of the congregation of turbot on
the inshore grounds during the summer, and their departure in the winter, when they
become very dispersed over the deeper and more distant grounds. The double maximum
caused by their passage through the adjacent areas is definitely marked.

In the most northern areas we find the winter catches higher than those of the
summer, although the difference is not particularly marked, as the catches are so very
small. This may indicate a departure in the summer, probably southwards and inshore.
Areas S and T show two periods of maxima like those in area N, divided by a small
summer depression, the antumn maximum being much the higher of the two in area S.
In these areas, too, the quantities are very small in early spring. The first maximum
appears a little earlier in area T (May and June) than that of area S (June and July),
while the autumn maximum arrives later, suggesting a condition which would be brought
about by a double annual migration through these two areas, this being a southward
movement in the summer and a northward movement in the autumn.

d. Spawning—Occurrences of spawning and maturing turbot are found in most of
the areas considered. In several of the most important turbot areas, including mainly the
eastern, south-eastern and southern region between the Dogger and the Enropean coasts,
the numbers increase rapidly at the beginning of the spawning season. They are recorded
as maturing during the months from December to April and actually spawning in May,
June and July which are the chief months.

D.—BriLr.

Introduction.

This species is found in nearly all the areas investigated, but in exceedingly small
numbers. Generally only one or two fish are taken after several hauls, but in some areas
the numbers rise to an average of over 15 per 10 hours (Z.e., five or six per haul) at
certain times of the year. They are recorded without any -distinction of size except in a
tew cases where the skippers have noted that the brill are very small.

Monthly averages per 10 hours’ fishing have been calculated, as for the other species
discussed, but the number of fish dealt with ig so small that the fortuitous fluctuations
in many cases cbscure the periodical changes of the catch due to the seasonal influences.

The population on any ground is very variable, not only in comparing one year with
another, but also in the course of the year. The trend of the figures throughout the
seasons of the different years does not always show the same regular periodicity that was
present in the figures of the other species, by which we were justified in combining the
figures for the different years to determine general seasonal variations. For this reason
the curves of the combined averages appear most irregular and are interpreted with
difficulty. Only a few of them are included in the text.

Total numbers caught and the yearly fluctuations.

The following table shows the total number of fish caught :—

Table XIV.—Showing the total number of BriLr caught by certain skippers
during 1904-1907.

|
CE Total Number of Figh. |

1 NS e A 1,603
1 P N Ner 3,157
N R e s 3,700
0 At S e e 3,232

i A 11,701

15360 H




LEE : GRIMSBY TRAWLER RECORDS.

This shows the great scarcity of brill, when we consider that it represents the result

of over 49,000 hours’ fishing.

t.¢., under one per haul.

often greater than less than in the two previous years.

The average per 10 hours’ fishing is therefore only 2°4,

They are also, during this period, much scarcer than turbot,
totalling a little more than one-third of that species, which is also very rare. '
If we compare these totals with the number of hours’ fishing in each year (Table L.),

we find that brill are extremely scarce in 1904 and 1905, and that there was a compara-
tively big increase in 1906 and 1907.*
By comparing the averages of each month with those of the corresponding months

in the preceding years, we obtain the following figures :—
1905 is 18 times less than, and 20 times greater than 1904, out of 40 months.

1906 is 15 times less than, and 19 times greater than 1904, out of 35 months.

1907 is 8 times less than, and 15 times greater than 1904, out of 25 months.

1906 is 23 times less than, and 20 times greater than 1905, out of 46 months.

1907 is 12 times less than, and 21 times greater than 1905, out of 34 months.

1907 is 7 times less than, and 23 times greater than 1906, out of 33 months.

From this we may conclude that 1905 and 1904 were not markedly different, but
that both in 1906 and 1907, especially in the latter year, the amount of brill was more

Fluctuations in each Area,
Table XV. gives the average numbers of brill taken from each area in each month.
These determine the general distribution and the seasonal variations as follows :—-

TasLe XV.—Smowine for each area the Monthly Average Number of Brirn caught
per ten hours’ fishing.

Grou ’ Area.| Year, Jan, Feb. ’ Mar. | April.| May. | June. | July, Aug. ! Sept. Oct. Nov. | Deec,
|
A | 1904 ; e | e L o
1905 0454 '
1906 i et . .
1907 { ;
1904-7 0°4544 | 2732 by
B 1904 : % 0:001% | 0285 | 0-0015| 0+ 008 .
1905 \ 0+00% | 0-8012 e vee | 000010 | 0:00% | 0°00* e
1906 i l :
. 1907 i v | 0°0013] 0003 .
Z 1904-7 | 0°00% | 0°8012 | 0°0015 | 008715 | 0-00%0| 000107 .,
- C 1904 | § o . ] :
g 1905 ! | 0-00% ) L 0004 w | 0°00%
2 1906 ‘ | 33 e . .
2 1907 ‘ e o - ]
7 1904-7 [ 0+00° w | oem oot | D |ooes
= ‘
2 F 1904 : b 23405 | 0-00° | 2508 | 0316 v | 04788 ] 1-25120
* 1905 | | 00012 we | 1°83%2 | 0+56% | 0-37109 | 1-60% | 0-008 | 2°508
1906 Skt br s Q4008
1904-7 'n‘oou’ 2:3405 | 1°1760 | 0+48%1 | 0°34174 | 1°60% | 0-4272 | 13318
G 1904 o 3 1-36% | 0°6252 | 0°00%% | 0-45% | 000
1905 | 00098 G-008 | : b 0-00¢ B L1 N
1906 | 00021, 0007 W 4
1907 S o] s J OO s
1904-7 | 0°00!%9] 0°00% 14862 0°55% | 0°00% | 0°34% | 0°001%| 0+pgs
H 1904 fr' 1o e | 1+15% e 07001 | 3:3315 | 0-6878 | 018385 Q-101!
1905 | 0-98347 0:000 | 1-631%| 7O 1:251 | . | 1-98% | 0-27565 (+31207) ()-1284
1906 : 13 By a5 ) oteasll s o3
1907 S s L e
1904-7 | 0-9834 0°009 | 1-631%| g-g122 1:2516 | 0-0016 | 2:345% | 0+320| @+4671% 0r11%75
M. 1904 oo | 17176 [ 1087262 [ 408211 | 1448 e | 88390 [ 1.058
1905 |10 75% 0:8219 [ 5-03%% 7:13%10 | 9-24601 | e | 55351 | 070013 | 404281 -GN
4 1906 e |18°83257(12 51423 | 9-32091 | 87676 35570 .. [18+18% |10+4981 | 7-39202
3 1907 v | 7°85155[1469492 |10+05%38 [15-00%0 .. e (14297 | 4e13160
3 1904-7 [10-75%8 | 9+8219 [10-52%0|10° 101751 §+461707) 8+881%0 | g+73124 | 5:5361 |12-2041 | 547402 3.g5752
s Q 1904 = ce | 0000t | 3:3345 | 464112 5008 | 2:16115 | 0+008
5 1905 | 0:96%22 2129 | 179140 | 63420 | 5-5873 | 54920 | 3-82% v | 3°58% | 5e56°
A 1906 e 1 2°8883 | . | 4-68% | 654108 | 3758 | 4-79% Rl T R
1907 06515 | 4-24118) §-7757 | 1-3815¢ [11°850 | 1°7017 | 916113 | 2-08120 | 2-50% | 4+ 297
1904-7 6+6515 | 1°88%53 45515 2+15%5 | 6811+ «rszm's'ww 2+84°%9 | 940971 | 3+8715 | 5e56Y
W | 1904 . i " .. | 67201 | 5881 | 2:500 3 :
1905 y | . | 3338 I : i
1906 .. | . e §- 3312 : :
1907 & - RSt =
1904-7 ' | 3:836 | @726l | 4+29% .o | 2°BO* | 8+3312 :
{

* This same trend in the yearly averages for brill is shown in the Dutch Statistics, Jaarversiagy
omirent het beheer van de Visscherhaven te IJmuiden, 1908.

Table iv., p. 72.
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Group,| Area.| Year. | Jan. | Feb, | Mar. | April.| May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
J 1904 » 2:029 . 0-407 | 039205 0°:2677 | 269101
1905 104808 ., .. . 2+0020 " 0-00% [ 0-2578 | 1-418 [ 0-56%
1906 1-09% | 3-6730 00077 . ve 0+00% | 0-00% | 7-50%4 8-051%0| 5-00%
1907 14857 | 0-598s . v | LTHNLE s
1904-7 | 1°05!33 3°66%0 | 1+4867 | 0-5865 | 0°56106 e 0418167 | 021390 | 5-93362 4+14%57) 25057
N 1904 o 0:00% | 2:9640 | [+17205| ¢-319109 [ 3-3598 | ]-25144 2-14152 19013
1905 1-18% | 0+2540 | 1-73%8 | 1-1760| 2-71% | £+031%2 | 0-6676 | 1-87372 1 1-35%74 ase 1-37218 207412
] 1906 | 2+474%1 1+55%10 | 117-%% 2-2214 | 0-56% | 1°2183 | 2-5076 | 1-7817 ) 1-7651 | 2-96108 4-47%01] 1-8874
® 1907 | 2+64%08 536125 | 2+28%25 121132 0-4171 | 47671 | (0+68115 [ 3-564° | 1*96%35 | 3-17299 4-3034 4-90%
- 1904-7 | 2°53735 244475 [ 1°67003) 126206 0+96%51 | 3+363%3 | 291475 | 2-76623 | 190038 | 263557 3+259¢ 2+38718
g ;| 1904 o 0°00101 | 0-5418 | 0+1931° | 0-04325 | O-83218 2-0010| 1+093%
g 1905 | 1-0357 | 0°0017 o 0°58° | 0-33121| 0+19%3 | O*26652 oon | 0122185 ]-68%7
o 1906 3-167 et % e s 0+0074 0-00% | 0+871| 0-6165
1907 - ses 1-00160 | Q-5671( 2-22%7
1904-7 | 2+04165) 00017 i = 0°20133 [ 0+23%13 | Q+19557 | Q-321065) Q77300 1.21421] 1+16406
0 1904 0-001 | 0,200 | 0-88149 [ (-16%4 | (-4226 | 0+39356 (18275 0-41%7
1905 | 0+5010 0+7136 | 0+Q00 008813 (+(83%5 | Q+33121 | (+51%35 | 0-80% 0-81%37 0-230% (-075%
1906 wo | 0°001 | 0:00° | 0-00M | 0-00 | .. we  10°00¢ | 1°481] 0-00¢ | ...
1907 | 0-04%| .. |0-00%| .. i OTIER] ..
1904~7 | 0°16%! 0°60%7 | 0+002% 0°08627( 0*07415 | 0°272% | 0644 [ 0+20333 | 0+41720 | 037697 0°19525 Q+1363%
D 1904 . cady 1] SOSO08T
1905 | 0-1681 | 0-04760 | 0-03%47 0-00% -5 - - bias s 0005
1906 weo | 07008 | 0-00%7 o8 000131 | Q-0 ie
1907 "o . 0-00% e o .
2. 1904-7 | 0°165! | 00454 | 0-029%2( 0-00%t - 0°00'31 | 0002t s 0°00%7 | 0°005*
& K 1904 0-00¢ | 0-26% 2 | 0°007 | 0:004% | 0°11%5 | 0472
= 1905 | 0-14%1 0-17%%9 | 0-34% e o e | 0:00* | 0-007! | O-00¢
E 1906 | 0-00%! | 0-00% | 0-00% - " | eee 0-00% s
o 1807 | 0°00% | 0-09%32 | O-00%5) 55 e 0-001 | 0-008
"g 1904-7 | 010297 0+12%%° | @-@3%s . 0-004 0°26% . 0°001' | 0+00!3% [ (9110} @-3429
5 L 1904 oo 0:00%t | 0005 { G-005% | 0-151% | 0-0083 | 0-008
1905 | 0-2454¢) 0-186%5 | Q-3119% (-09111] J-00%0 | 0:007 0-0079 | 0-00'® | O-008! 0:55%
1906 | 0-0013% (-08%47 - 0-00'* | 0-00105 | 0-0097 | 0-00iU1 | Q-16306 | 0-071%6] .,
1907 0-00%0 0-00'3
1904-7 | 00°9°16| 015577  0°2425% 0+09'1 0+0072° | 0-00'3¢ | 0-00'52 | 0+06%03 | 01455 | 0-05%12| 0°005 | 0°55%¢
] 1904 3-20%16 | 3-51345 | 4-84454 | 4-60100 | 2-33103] |
1905 bt 2-06617 | 1-91749 | 2-0045 | 0-00* | 0-008 | O-74!3
1906 »s 9:095 ! 0-119%| 1-88%2] 0-007 | 2+18% | (0-7283 | 1-52106 | ]-45%20 ¢ 4-0756
1907 . 6-75%1 | 57735 | 3-91%W e an * [ BoTOS
“ﬂ: 1904-7 e [9'035] 0+1192 | 13322 | 6-65155 | 4-56619 | 2-741316) 2-9gl1309] Q38365 | 2-87163) 2-4524 | Q-74!2
@
4‘? T 1904 2-311% | 5-00% | 8-001 [ 5-00% | 6-008 e B
o 1905 1-985% 3-3C48 | 4-057 | 2-00100 | 1-80177] 152343 O-5034v
) 1906 0-429 | 0-19%% | 1-51112] 0-9453 | 1-8697 | 2-15181 | 3-32% | 2-6583 | 2-53%%5 0-73% ae
= 1907 .. 4:16% | 4-00% | 4-27148 | 2-3191 2-00%0 | 2-75% | 3-40%2 25012
ng 1901-7 . 0°429 | 0-18%% | 2-19151| 1-98146 | 3+45264 | 239330 | 3+72177 | 2+37211 | 230456 220604 g.p§7352
v 1904 0-30131 | O-3586 | 1-3245 0-7413
1905 3+20% 1-48105 ) 0-70% 1-43%
1906 | 0-34%° | 0-00% | 0-38%0[ 0-7y38 00012 | 0+76%% | 0°624¢% | 1-08% | 0°0028| 0-00*
1907 we [ 0°00% | 0-00° | 0-00%° 2-0204.1-0-7128) 1 - 084
1904-7 0°345 [n-ooq] 1+05105) 0-7938 [ﬂ.onl} 00020 0 6937 0+49164 12092 1°6613%5 @-5763 | 1-031
E | 1904 : - = =
1905 . - we | wes .
1906 1-298 - 4007 i 1-08!5 | 4-35U .
1904-7 | 1-29% wen 4+007 as 1+0815 | 4-3511 - .- aes .
R 1904 e | TUT8Y | 40448
1905 0-001+ wa | 04076 0-5618 2-80165) 3-49%1*
§‘ 1906 | 4+111%] 3-04236 | 2-35269 (- 75366 (-45176 | 0-29%38 [ 2-16%2 | Q-62"13 | 1-387 1-38!4 .
@ 1907 . o v 3-086 | 0-00% | 1-88% [ 0-00* e e Vor
= 1904-7 | 411139 3-04736 | 2-242%4| 0°81272| 0-40%5 | 0°48%70( 2+12226 | 0-62!13 | 0-7825 | 1-3814 | 3-05177 3+51°16
=]
3 X 1904 ae | 0-28109] 2-7560 | 0-35%0 vo [ 0-9033( 9-1417
E 1905 | 0-00* | 0-00° | 2-99%%| 0-8317| .., e | 0-65% | 2-0517| 0-0015 | 0-00%
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1906 0-00* | 0-00* " o 0-00%
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1904-7 " 0-00¢ | 0-00% s aee 0°00%2 0003 ™ .ee

areas A and F.
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North- Eastern Areas.
Brill are found in these areas but very rarely. The biggest catches were taken from
In B and C they are almost wholly absent, the only ones reported being
one fish in May, 1905, and two in September, 1904, in area B.

H2
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In I there is some evidence of a decline in the average from 2:34 in June to 0°34 in
September, followed by a slight rise to December. In area (r also they are generally
absent, and the highest average occurs in June.

Fastern Areas.

Area H.—The averages fluctuate between 0 and 3 per 10 hours, and in 11 cases out
of 17 they are less than one.

April and May, and perhaps September, are the best months. November and
December are very low, and the numbers of brill decrease appreciably throughout these
months.

Area M.—This area gives a greater average number of brill than any of those
considered. The general average is never less than 0:82, and it rises to over 10 in four
months of the year, while the highest average attained is 1883 in April, 1906. These
years, 1906 and 1907, are throughout the best years of the period in the area, while 1904
has very low values.

From April to July appears to be the season of greatest abundance, while August
and September show a period of decreasing abundance before an' autumn maximum. 1t
appears that most of the brill on this ground are small, as special note has been made
that they are so in May, 1904, and in April and May, 1905. In December, 1904, we
notice that brill begin to get more numerous, and »+ the end of the month and during the
first few days of January, 1905, several small fish are recorded. This is paralleled by the
occurrence in November, 1905, of large numbers of tiny brill on the Sylt Rough.

Area Q.—The course of the monthly averages in this area is most irregular and
fluctuating. They indicate, however, the presence of a fair number of brill in this area,
which with area W comes next to area, M in_ its yield. The maximum and minimum
general averages are 9°09 and 0°65 respectively, while in five months of the year the
general average exceeds five per 10 hours, The maximum averages obtained are 11-85 in
June, 1907, and 16°34 in October, 1906.

June seems to be the.month of maximum, and there is a rise, although irregular,
from February to this time. By September the numbers have decreased, and in the
months after this they are indeterminate.

Area W.—The total amount of fishing is very small, but the average numbers of
brill taken approximate very closely to those of the adjacent area ), The maxima are
6:72 in June and 833 in October.: ' * '

These eastern areas give the largest average yield of brill, the grounds in the
neighbourhood of Sylt and Amrum being among the most prolific. The population of brill
consists apparently mainly of small fish and reaches a maximum about May and June, the
spawning period. A secondary maximum appears later in the year, about September in
H, and in October and November in the others. Very tiny fish were present on the Sylt
grounds at the beginning of winter. , ,

" By far the best catches of the period were made in 1906 and 1907.

Central Areas.

Area J—The average catch here is small, being generally less than 2 per ten hours,
and in 4 months no fish at all were caught, -
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¥1G. 53.—BRILL. Area J. Monthly Averages, 1904-1907.




BRILL : CENTRAL AREAS, : 61

The curve (Fig. 53), is incomplete as the averages for the early summer are
missing, but it shows that there is a minimum in summer and a maximum in autumn,
Only from Qctober to December of 1906 do we get any large numbers. The highest
average reached is 8-05 in November, 1906.
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F1G. 54.—BRILL. Area N. Monthly Averages, 1904-1907.

Area N.—The range of variation in the average monthly catch of this area is
comparatively small, the general average fluctuating from 0°96 to 3-36, while only four of
the twelve general averages are under 2. The highest value obtained is 6'39 in August,
1904. This area, which has through the considerable amount of fishing, yielded very
smooth curves for the other species, bringing out periodical fluctuations very definitely,
1s a good illustration of the great variability in the seasonal movements of the brill, ft
would be very difficult to interpret the general curve (Fig. 54) as it stands in this
respect, and the method of three monthly averages results in a smoothed curve (Fig. 55)
which at first sight, serves more to bring out the differences in the trend of the four years,
than the similarity in the seasonal fluctuations that generally exists,
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¥ia, 55.—Brill.  Area N. Monthly Averages, (smoothed curve).

The course of the figures is as follows :—In 1904 we find increasing quantities from
May till a maximum of 6-39 in August, and then a sharp and continued decline to a low
minimum in February, 1905. After this the curve rises again to a spring maximum,
which is only half the maximum in 1904, This is followed by an autumn minimum and
a winter maximum culminating in January, 1906. In 1906 we have a minimum about
May, and then slowly increased catches till the winter. Both the November and February
(1907) averages are very high and there is a decided decrease in the intervening months.
There is a sharp drop to a minimum in April or May, and the curve then rises irregularly
till the end of the year. It is evident from these figures how very variable is the period
of maximum abundance as well as its duration.
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i, 56,—BRILL. Area I. Monthly Averages, 1904-1907,
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Area I.—The catches are small for the greater part of the year, and considerably less
than those in N. November, December and January have the highest general averages,
being 2:04 at the maximum. From Juneto September they are all less than 0°33.
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Fi1¢. 57—BRILL. Area O. Monthly Averages 1904-1907.

Area O.—The brill are still more rare on the Dogger Bank. The highest averages
are 060 in February and 0°64 in July, and there is a minimum in the spring, for no fish
were caught in March.

These central areas show with regard to distribution a marked decrease in the
numbers in the more offshore areas. The average yield from areas M, N, I and O forms a
rapidly decreasing series, the respective maximum averages attained in these areas being
about 12, 3 and 0°6.

The seasonal fluctuations are not always constant for the same area, but as in J we
have the highest values from October to December, in N in some years, a maximum in
January and February and in I from November to January, it seems that as a rule the
autumn and winter catches are the greatest. We may therefore suppose that the fish
move offshore into the deeper waters at the approach of the cold weather. The spring and
summer catches are generally low, so that an inshore migration, beginning about March
aud April, may take place.

Northern Areas.

Area D.—DBrill are present in the first three months of 1903, afterwards they were
not found in any of the hauls taken in this area.

Area K.—Brill are found occasionally, but the averages are all very small, being
generally under 034 per ten hours, and they are more often absent than present. As in
area D, they occur in the first three months of 1905.

Area L.—They are absent from nearly all the hauls of 1904, and are only present in
very small numbers in the first four months of 1905, after which they are very seldom
found. Two fish were taken in December 1905.

These three northern areas show the same features, viz., a great scarcity of brill.
None were caught in the summer and they were rarely taken after the first three or four
months of 1905, when they occurred in small numbers.

Southern Areas.

Area S.—This area compares very favourably with some of the eastern areas. The
highest average obtained (omitting February 1906), is that of May, 1907, which is 6:75.
Most of the other averages vary between 1 and 5. Brill occurred more plentifully in 1907
than in the other years.

Western Areas.
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Fic. 58.—BR1LL. Area R. Monthly averages, 1904-1907.

Area T.—The greatest catches in this area are taken in the summer, and generally
speaking they:‘are fairly good, several of them exceeding 4. 1907 has the highest
averages. :




_ BRILL : SPAWNING. 63

Area V.—This has a very poor yield, the highest general average being 1:66, while
in several months there were no brill taken. The fluctuations are irregular.

Two of these three areas, S and T give a fairly good yield, but that of the third
V, is very poor. The fluctuations are irregular in all cases, but in the neighbourhood of
the Leman and Botney grounds, we have some evidence of increased numbers during the
spring and summer. The highest averages are those of 1907,

Area R—The averages in this area vary fairly regularly. We find the numbers
increasing from November, 1905 (2:80) toa maximum of 4'11 in January. They steadily
decline till June (0-29) ; July is high, and after the small catch in August they steadily
increase again,

Area X.—In this area we find the May to September averages very low. Those of
March, April and October are higher, the rest more or less indeterminate.

Brill were absent from all hauls taken in area P, but were found in area E in all the
months in which fishing took place. Areas R and X together show a probable summer
minimum, with a maximum in winter.

Spawning.

The fishermen are not required to nofe the occurrence of spawning brill on their
record forms. However, a few cases were noticed and these are as follows :(—

1904, May—one spawning fish in area M out of seven hauls with brill.

1905, April—one fish with spawn in area L out of one haul with brill.

1906, May—two fish spawning in one haul in area Q out of eleven hauls with brill,
1907, May—one fish spawning in area S out of three hauls with brill.

These fish corroborate what we already know about brill, viz., that the height of
their spawning season in this region is in May. The specimen that was nearly ripe in
April was taken in deep water north of the Dogger ; the other specimens that were
spawning were all found in shallow water.
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F16. 59.—Chart showing the distribution of BRILL according to the mean monthly catch in
each area, and the periods of maximum abundance in the different regions.
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Summary—DBril,

a. Distribution.—Brill are found in most parts of this region, but they are nowhere
numerous, the average catch being at the rate of 2-4 per 10 hours fishing. In the northern
and north-eastern areas they are of very rare occurrence, and in several months they are
not taken at all.  The comparative abundance in the various areas is shown in Fig. 59 by
the mean monthly catch, and also, where it has been possible to determine it, the period of
maximum abundance is indicated.

The eastern areas give the greatest yield, which is made up by a large number of
small fish. Proceeding seawards from the shore and also northwards from the southern
area S, the numbers decrease rapidly. Area S (Leman and Botney, &c.) and area N (the
Opyster ground) yield a fair number (averaging from two to three).  On the more offshore
areas such as V, I and O, the numbers are very small, under one per ten hours. The
western area R has good catches in the winter, and there are indications that brill are also
comparatively plentiful in area E. From other sources, the Lowestoft trawling records,
we find in the results of the catches of brill (unpublished) that they are much more
plentiful on the Cromer grounds than in the neighbourhood of the Brown Bank. Although
the other western arcas X and P are very poorly sampled, it appears that brill are never
more numerous than in the eastern and southern areas.

b. Yearly Variations—W e have reason to believe that brill were much more abundant
in 1906 and 1907 than in the first two years of the period. There is no marked difference
between the catches of 1904 and 1905.

e. Seasonal Fluctuations and Migrations.—The average catches of brill fluctuate
considerably, the fluctuations being partly due to seasonal migrations, and partly, and to
a great extent, to fortuitous circumstances which have a great effect on the average, since
the number of fish is too small to always hide the effect of the chance occurrence of several
more or fewer fish. For this reason considerable irregularity is shown, and the true seasonal
fluctuations in each area are not definitely determined. Fig. 60 is inciuded, because it
shows in a general way the nature of the fluctuations in the average catch over the whole
region. Minimum catches at the beginning of the year, are succeeded by a rapid increase
in the numbers at the spawning season. This maximum in May and June is followed by
a minimum in summer and a secondary maximum in the late autumn or beginning of
winter.
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F16. 60.—BRILL. Monthly average catch in the whole region investigated, 1904-1907.

In the shallower areas on the eastern side the spring and summer averages are the
highest, while in such grounds as N, I and J the summer averages are low generally and
are followed by a maximum some time in the autumn and winter, the exact time of its
occurrence varying. There is probably then an inshore migration which commences.
about April, and an offshore migration late in the year.

It is probable that brill, like soles, seek the deeper and more distant grounds in the

winter.

d. Spawning.—DBrill are spring spawners. The few instances of spawning fish in
these records, noticed in the month of May, corroborate this. They were found spawning
in shallow water.
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Introduction.

Cod, although fairly plentiful in this region, only formed about two-fifths by weight
of the total catch of plaice taken during the four years investigated, and of course in
numbers this proportion would be much smaller. Nevertheless they were taken in greater
or less quantities in all the different areas of this region, the numbers in the northern part
being far more numerous than in the southern.

The monthly averages of the catches for each month and area have been worked out
as for the other species, but additional care is needed in the interpretation of these averages
in the case of cod. This is due to the habit cod have of shoaling, so that the catches may
be very unequal. It occasionally happens that the number of cod taken in one or two
hauls far outnumber those taken in the rest of the hauls of the month, as for instance,
when two or three score large cod are caught at one shot, whereas the usual number is
two or three fish. On occasions, ten, eleven or twelve score have been taken on some
grounds at one haul. The effect of this is to raise the average considerably, unless the
number of hauls is very large, in which case the average is still fairly comparable with
those of other occasions or other areas when these extraordinary large catches are not
made. It follows that the rate of catching, as determined by the average per ten hours
fishing, becomes in such a case, a very poor measure of the fish population. In fact, it is
impossible to determine any satisfactory average at all from such figures, The method
adopted to deal with these has been to note all cases of such catches as are very large
when compared with those made under the same conditions, say 20 to 80 times the usual
number, and to mark the averages into which these enter with an asterisk, so that they
may be noticed in interpreting the statistics and the curves drawn from them. This
difficulty will affect the number of large cod more than the codling.

Conversion of the different Measures into Weight.

Large and medium cod are always counted singly or in scores by the fishermen,
Codling are measured in baskets except when only a few are caught, and then their
numbers are given. The equivalent weights for these different measures have had to be
determined and approximate values have been found from several sources. From the
report of Committee A of the International Council® we find that the limit between cod
and codling is drawn at about 60 cm. A small calculation from the figures there given,}
and the conversion of kilograms to cwts, results in the following average weights :—

1 cod = 1056 cwt.; 1 codling = *013 cwt.

This latter factor is in close agreement with the information supplied by Mr. Olsen,
of Grimsby, who states that the average number of codling to a basket of weight 60 lbs,
is 40, whence one codling weighs *013 cwt, For further confirmation I am indebted to
Mr. G. T. Atkinson, who has supplied me with the results of some observations made by
himself at Hull in March, 1908. He counted the number of Iceland cod, all mature,
which went to a “kit” (10 stone), and found that they varied from 12 to 15, and averaged
133 in number. From this the average weight of a mature cod is 0094 cwt.

Medium cod are not distinguished from large cod in the Committee A report. In
these Grimsby trawling records this distinction is made on the forms, but is not always
kept. The fishermen, some consistently, some only occasionally, divide their fish into
“large cod” and *codling,” and a few into ‘ medium cod” and “ codling.” For this
reason I have retained only the two classes “ cod” and “ codling,” treating ‘large” and
“medium " as “ cod.”

In the tabulations I have preferred to give the actual number of * cod " rather than
their estimated weight, but for purposes of comparing the two classes, and to give some
idea of the total weight, the scale of 1 cod = 0°1 cwt. has been used. In the diagrams the
“codling ” are always given by their weight in cwts., and so is the estimated weight of
the total catch; “cod” are given in numbers, the scale being one-tenth of that for
codling, so that their approximate weight is represented also,

With regard to the weight of a basket of codling, we have several approximations,
The fishermen say that with codling (as well as haddock and whiting), it takes nearly two
level baskets to make a box (about 1 cwt.). According to Mr. Olsen the weight of a
basket of codling is 60 lbs. and this is 054 cwt,

* HJORT : Rapport sur les Travaur de la Commission A, General part p, 108. Rapports et Proc.-
Verb., Vol, x.
t Loc. ¢it. pp. 110 and 112.

15360 I
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A farther method of obtaining the average weight is to compare the skippers’ own
records of what they catch with the amounts they land at the end of a voyage. The ratio
of the total number of hoxes of codling landed, to the number of baskets recorded is given
in the following table (Table XV.) having been determined for each fisherman for each year.
It should be explained that in this table and also in those for haddock and whiting, the
figures in the last column and the last row are not the arithmetic average of the ratios
determined in each case, but the ratio obtained by summing up all the catches and
comparing them with the sum of all the boxes landed. This method gives the greatest

“weight to the values determined by those fishermen who have caught the most fish.

Tt has not been possible to compare these totals from every voyage, for in some cases
the catches were too small to be measured in baskets, and in others, the records of
several hauls were omitted. If only a few hauls had been left out, it was often possible
to estimate the number of baskets of fish taken in these and so make the returns complete.
This has been done wherever possible. Nevertheless, the resulting figures, though
subject to considerable variation, are approximations to the actual average ratio between a
basket and a box. ' ' '

Tasre X VI.—Showing for each of certain skippers the ratio between the numbers of
boxes of CoprinGg landed, and the numbers of baskets caught.

|

l Skipper. : ! 1904. 1905. 1906. 1907. 1904-7.
I i 57 ey PR T ik

!  TIRE 62 69 [-59] — *65
LR Sk — 57 — — 57
5.~ Gl diign ot 40 53 | [75] 7
| v ... — v 60 —_ <60
% 56 61 70 66 61
| vi ... [57] 64 63 54 62
| Wit o ot | B0 I SR Ay 58
!‘ Yiil e 42 48 — —_— 46
[ All men ... <51 57 62 "2 64 57

Since the average weight of a box is about one cwt., the value 0°57 cwt. for the
weight of a basket of codling. must be closely approximate to the true average weight.
It is calculated from 5,385 baskets. The actual value of this fraction is 0566, and as the
error involved in using 056 cwt. as the factor, instead of 057 cwt. is very small (the
error being ‘006 in one case and "004 in the other), this value, 056, has been adopted, as
being the same as that determined for haddock.

Total quantities of fish and the proportions of Cod and Codling.

TasLe XVIL.—Showing the total quantities of Cop and Copring recorded during the
period 1904-1907, and the percentage of the total of each group by weight.

: ‘ . - Percentage of total weight.
| Number Weight of Total weight] '
Year. | of Cod. Codling. Owts. ——
l v Cod. Codling.
1904 ... 9,331 04824 188134 496 50-4
1905 .. 24,121 1564-24 3976-34 607 393
1906 ... 7,498 72619 147599 50-8 49-2
1907 ... 4,453 212-64 657-94 677 32-3
Total ... 45,403 3,451-31 7,991-61 56-8 432

It appears from this table that ““ cod ” exceed the “ codling " in weight, but not to a
very great extent; 43 per cent. of the total weight of cod were small fish. This
percentage is much higher than that given in the Bulletin Statistique.* Of the cod
from the whole North Sea caught by English steam trawlers, only 21 per cent. in 1904,
}9-per cent. im 1905 and 26 per cent. in 1906 were codling. . :

* Congeil Perm. Inter. pour l’rEXpIOI‘. de la Mer. Bulletin Statistique. Vols. I, I and 111
Table C. II1. )
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We can make a rough estimate for the total number of fish caught, by taking 41y
codling to 1 cwt., whence the total number of codling becomes about 265,485, and the
large fish then form 15 per cent., or a little less than one-sixth of the total number of fish.

A measure of the yield of cod from this region is given by the average per 10 hours
fishing for the whole period. This is 93 cod, 0°70 ewt. codling and 1'63 cwt. total catch,
which is equivalent to about 63 fish. The highest average is obtained in 1905 (2:10 ewt:)
and the lowest in 1907 when it is 0:79 cwt. This average yield for the south central
region of the North Sea is less than one half that found for the northern areas fished by
the Aberdeen trawlers.® We also find that codling are more numerous in proportion to
the total catch than in the northern region of the North Sea. i

Yearly Variations.

For an analysis regarding the proportions of cod and codling and the fluctuations
year by year, this method of lumping together the catches from all areas is very unsatis-
factory. A better result would be obtained by treating each area separately, but this is
impossible owing to the incompleteness of the data. As a closer approximation to the
true values than the above, I have calculated the following figures from the catches from
groups of areas : — .

TasLe XVIIL.—Showing for groups of areas, the yearly averages per ten hours
fishing, and the percentage of the total weight formed by ¢ Codling.”

North Eastern Eastern Central Northern Southern Western
A, B, C. F. G, H M Q. W, J. N L.0. D. K. L - S ERPV.XL
g (5 . NEEER (sl = |= 5 |8 NERE =
Group, S [Owm| |4 O «<|ul B ow| <S|2] D _sldl e [Sw| _slal® [2w] <=
, S 2813815 S (28|28 (5| S |28 3B 5| S |52 28 §| S 5E|eaE| S |28 (2R
S |88|a% u| S [F2|82|s] S (83152 |:] 2 |33 (82| s] S |33 (832 S |88
g [go|7e B £ |83|7% || $ |28 7% &) g [B3[7B|&] £ B3 T | 5| £ [BS[7E|E
1804 ., . o . |24°2|1°32|3°74/36]17°6/0°90|2°66|34] 4°6 |1°01|1°47|69] 5'9/1°06|L°65)6L] 0'5 0'04|0'(}9 45 |15°6|1'66 | 3712 |50
1905 .. .. .. .. |18:2|1°06(2°87|37|14°3(0°49|1-02| 28] 58 |0-94|1'52|62|30°2 0-61|3°63|17] 1°1 |0°33|0°44 |76 J15°3{3°69| 5-22|T1
1906 .. e . oo J10°7[0°84)|1°41)24 3'2‘0'14 0°48|30] 4'6 |0°34|0°83|42]18°1|0°54 |2'15]25] 2'7 |0°4L|0°68|60 | 6°0 1'48| 2°08 |71
07 o0 o w e === '98 3'2/0°21|0°63({40] 4°8 J0-28|0°76{37]22°4|0°40|2'64|16] 1°5 | 0708 (0°23 |33 | 6°7(0°43| 1°00 |50

In this grouping, the catches from area V (the Silver Pits) were included in the
western group of areas, as they approximated more in value to these than to the southern
group. It must be remembered in drawing conclusions from this table, that the records
in 1904 only began in May, so that those groups of areas where cod are very numerous
in the winter and early spring, as in the northern areas at the spawning time, result in
averages which are relatively too low in that year.

Cod are most numerous and in the largest proportions in the north eastern and
northern areas. In the two most northerly (H and M) of the castern areas, they are also
fairly numerous and form the largest portion of the catch. Only about one quarter the
number in the most productive areas are found in the central areas, and in the southern
areas still less, averaging only one or two. They were found in fair numbers in the
deeper parts of the western areas.

The biggest catches of codling come from the western areas and the least from the
southern. Considering all sizes together, the most productive areas are the north-eastern,
northern, and western groups, and the eastern area H. The other eastern areas, and the
central group have about one half the quantities taken from these, and in the southern-
most areas, S and T, the quantities are very small, and here also the proportion of small
fish is large. i

The catches of cod seem to be falling off in the north-eastern, eastern and central
groups of areas. With regard to the other groups it is more difficult to speak definitely,
for the averages are not always representative of the greater part of the year. For instance,
in the northern group there are no observations in 1904 in the spring months, which
considerably lowers the average, while that of 1907 is raised, because observations from
April to September, when the quantities in these areas are low, are lacking.

This yearly decline is further corroborated by the following table, formed by comparing
in each area the catches of corresponding months in the different years :—

1905 is 19 times less than, and 20 times greater than 1904, out of 40 months.
1906 is 25 times less than, and 10 times greater than 1904, out of 35 months.
1907 is 18 times less than, and 6 times greater than 1904, out of 25 months,
1906 is 26 times less than, and 19 times greater than 1905, out of 46 months,
1907 is 25 times less than, and 7 times greater than 1905, out of 34 months.

1907 is 24 times less than, and 8 times greater than 1906, out of 33 months.

* D'ArcY THOMPSON. On the Statistics of the Aberdeen Trawl Fishery, 1901-1906, p. 5.
Rapports et Proc.-Verh. Vol. X,
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Each year, with the exception of 1905, is seen to be considerably more often less than
the preceding years than greater than them, and this is still the case, even if we take
account of the fact that there are some averages (marked with an asterisk in Table XIX.)
which are unduly high.

How far this decline in the averages may be due to chance or to special circumstances
connected with this particular region, it is impossible to say. It is, however, a fact that
the total quantities taken during the first three years of this period from the whole of the
North Sea, do not show the same kind of fluctuation.* The total quantities decreased
between 1904 and 1905, but in 1906 there was a considerable increase, mainly in the
numbers of small fish. Yet, on the other hand, D’Arcy Thompsont finds declining
averages for cod in nearly all regions of the North Sea during the three years 1905-
1907, so that the rise in the /fal quantities is probably due to there being greater catching
power, and to the fishing being extended to more distant grounds where cod are more
plentiful. '

Discussion of the Fluctuations in each Area.

The monthly average number of ““cod " and weight of codling per 10 hours fishing
is given in Table XIX. together with the monthly averages of the years combined.

North- Eastern Areas,

The averages for this group of areas are very incomplete and no system of combining
or smoothing gives a satisfactory result for the seasonal fluctuations. The catches are
large, three or four hundredweight being of fairly common occurrence. The large fish
were sometimes found in shoals for a short time, so that their proportions to the total were
very irregular. They predominate in weight on nearly every occasion—on the whole
forming about twice the bulk of the small. The catches of the winter 1904-1905 made
in areas F and G were large compared with those of the summer, when, though codling
were present in good quantities ‘‘cod ” were generally scarce, except in several hauls in
September, when they were taken in scores. '

Eastern Areas.
xArea 11.—This is an area which yielded very large amounts of cod during the two
years when we have fairly reliable averages, In these two years we find a well marked

seasonal fluctuation affecting both the large and small fish alike. This is shown on the
two following curves. (Figs. 61 and 62).
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* Bulletin Statisque. Vol. IIL, p. 34. Conseil Perm ; Internat. pour I'Explor. de la Mer.
T D’ArcY THOMPSON. Report on Fishery and Hydrographical Investigations in the North Sea.
Third Report. *Northern Area. Cd. 4350. p. v.
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cwts. per 10 hours’ fishing.
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* One or two hauls with an exceptionally large number of Cod included.
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They are present in the spring of 1904 and 1905 in large quantities, the large fish
especially being numerous. A rapid emigration takes place in the summer and the
quantities taken then are under one hundredweight. In both years they appear again
about the middle of October and become still more numerous in November and December.
Besides these increased quantities of cod and codling shown on the curve, there is a marked
appearance of unmarketable codling towards the end of November. The catches keep
fairly high in January, but for February and March we have no information, and it is
hardly probable that the quantities decrease so rapidly as shown in Fig. 61.

Horn Reef North appears to be one of the cod spawning areas, and as it is near the
coast, they are found already spawning in December and January.
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F1¢. 63.—CoD. Area M. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, “cod ”; dotted line, * codling.”

Area M.—The curve of averages (Fig. 63) shows considerable differences between
the summer and winter catches of cod. The highest averages, from 2 to 9 cwt., are
found in November and December of each year and in January, 1905, The summer
catches, July to September, are exceeding small ; those of April to June are a little
higher. The February and March averages are uncertain, but we conclude they must be
declining as there is a sharp fall from December to April. This winter immigration
-consists of a large number of “cod” in the first two years, as well as considerable
quantities of codling ; in the last two years all are less numerous and the codling exceed
the “cod” in bulk (Fig. 64).
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Fie. 64—Cop. Area M. Monthly Averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, “cod ™ ; dotted line, “codling.”

The falling off in the catches is evident from the diagrams. In 1904 they are
noticed to become rare on the Sylt grounds about the third week in December. In 1905
they are present in November but they do not become at all numerous till the very end
-of themonth. It is interesting to compare these catches with the results of some voyages
to the same area in May and June, 1895.* These, worked out as ten-hourly averages,

-

* CUNNINGHAM,—North Sea Investigations, Loc. cit.
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give 128 cod in May and 29 cod and 0:20 cwt. codling in June, both more than the
averages for May and June in these statistics, : %10
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1
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F1a. 65.—Cop. Area Q, Monthly Averages, 1904-1907. Continuous line represents all sizes of fish.

Area Q.—This is one of the areas from which Cod arc mostly absent. In the
summer the hauls seldom bring in any cod at all. Only a few fish, and these nearly all
large, find their way into this region, and these occur at the end of winter or beginning of
spring. The amount of the winter catches is not known, but the numbers are probably
considerably increased at this time, as they are known to appear in the adjacent areas,
and the trend of the curve (Fig. 65), points to larger winter catches,

Area W.—Like Q, this ground is also without cod in the summer.

The four areas together show a regular seasonal fluctuation in the cod taken on the
eastern grounds. The cod leave the shallower waters entirely in the summer and appear
again in the autumn and winter. It is a matter of experience that an inshore migration
of cod in the autumn, such as that demonstrated by these figures for the eastern grounds,
is general on all North Sea coasts—as at Scarborough, Flamborough, Lowestoft and
Y muiden.

The number of Cod in the Horn Reef North ground is large, but in the other areas
much smaller, especially in  where the total catch seldom reaches 1 cwt. Large fish
generally predominate in weight, and off the Danish coast in the winter are comparatively
numerous. , yes

The four areas also show a decrease in the latter years as compared with the first two.

Clentral Areas.
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I'l¢. 66.—Cop. Area J. Monthly Averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line,* cod " ; dotted line, codling.

Area J.—This area gives a small amount of cod, most of the averages being less than
2 cwt. or even 1 ewt., in only three months out of the whole period do they exceed 2 cwt.
per ten hours, The curve (Fig. 66) is very incomplete, but from what there is of it, we
see that there appears to be a summer maximum followed by an autumn depression, the
catches increaging in bulk again at the end of the winter. Large and small cod do not
have coincident fluctuations. The large cod, which vary regularly, have a minimum in
November and December and a maximum in the summer, while the variations in codling
are indeterminate from these curves. Although we have scarcely any information for the
spring months, the low averages for May indicate another minimum near this time
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F1a. 67.—CoD. AreaN. Monthly Averages, 1904-1907. Continuous line represents_all
] sizes combined ; dashed line, “cod” ; dotted line, codling.
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We note the fact that in the groundsto the north of' this area, there are, generilly
qpea,kmg, an early summer minimum and a September maximum and a decline in the
catch in the autumn between this a winter mammum, which comes earlier than that in
in area J. The comparatively large catches in September are in no small way due to
some irregularly occurring shoals, .

Area N.—This area being more southerly than area J, yields a smaller quantity of
cod, the mean monthly value bemg 0-61 ewt., less than one half that in area J (139 cwt.).
From Fig. 67 we see that the general aver: acre scarcely ever reaches one cwt,
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F16. 68.—CoD. Area N. Monthly averages (smoothed curves). Continuous line mpresents
all sizes combined ; dashed line, *cod”; dotted line, codling.

The population is mixed, consisting of large fish and codling in the proportion of
two to one by weight. The smoothed curve (Fig. 68) shows periodic fluctuations for
cod and codling, which are, roughly speaking, complementary to one another. Large cod
are at a maximum at the beginning of spring und at a very low minimum in the summer
and September, when they are at times absent altogether. On the other hand, codling
are very scarce in spring and early summer. They begin to increase in July 'and the
maximum comes in ‘the autumn and winter. The total catches are at their greatest in
winter and spring and are least in summer.

The average number of cod ix greatest at the end of 1904 and the beginning of 1905.
The 1906 and 1907 averages are much lower but not very different from one another.
Codling appear to be least in 1905 and 1907, so that when all sizes are taken together
there is found to be a decline during the perlod
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F16. 69.—Cop. Area I. Monthly Averages (smoothed curves). Continﬁous line represents
all sizes combined ; dashed line, ‘“‘cod ;" dotted line, codling.

Area I.—The average yield from this area is similar to that from area J, and in this
case the codling predominate, except in those months when the large cod are found in
one or two great shoals,

In 1904 there is a minimum in summer and then a sharp increase to a very hlgh'
maximum in October—November is low, but there is an increase in December and January.
In 1905 the summer and winter averages remain much the same as in 1904, but the
October maximum did not appear as there were no observations in that month, In 1906
the summer catches are slightly higher than the autumn ones. In each year the
November averages are low. . Records for the spring months are entively wanting so we
cannot_determine the seasonal fluctuations for the whole year. The outstanding features
are a November minimum and slightly increased quantities before and after this. :

Herring were present in October, 1904, in the neighbourhood of the hauls made in .
'thlS area, and their presence may partly e\plam the large number of cod in that month.

Awa 0.—Of these four: areas, the Dogger Bank has the greatest amount of cod-]
The large fish are not more abundant than in the ad_]acent areas, but the difference is.
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made up in the amount of codling, which in this area are decidedly] more numerous
than the cod.™In the smoothed curve (Fig. 70) the averages for] codling alone vary
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F16. 70.—Cop. Area 0. Monthly Averages (smoothed curves). Continuoug line represents
all sizes combined ; dashed line, *cod ;" dotted line, codling,

hetween one and two cwts. while “cod ” are all under one cwt. This is probably due to
the fact that the Dogger Bank is nearest the English coast where there is an abundance
of young fish.

A fairly high level is maintained throughout the year ; the spring averages are
slightly higher than those of the summer. There is a small rise in the autumn of 1904
and another small fall to December. In 1905 the December value is high and in 1907
there are large numbers in January, In the spring of 1905 an abundance of very small
fish w?is noticed, and amongst these was a number of tiny codlings which were not
retained,

The quantities of cod in 1905 are, on the whole, bigger than those in the corre-
sponding months of 1904, and this is wholly due to an exceptional amount of codling.
The seazonal variations are small, and one cannot attach much importance to what they
seem to indicate.

The four central areas give but a medium amount of cod, averaging between one and
two cwts, and this amount, though greater than that from the southern shallow ground
( Borkum, Terschelling, &e.) is never half so great as that from the more northerly areas
and in the neighbourhood of Horn Reef. -

Codling are most abundant on the shallow area of the Dogger Bank, probably owing
to its proximity to the western grounds. In the grounds between the bank and the
shore, Clay Deep, Scruff, “ The Mud,” &c., they approach the * Cod” in weight, while in
the most southern of these central grounds they form a smaller proportion.

The seasonal variations are not the same for the four areas, nor for the two classes of
fish. In the southern part (Oysters &c.) the total catches are at their greatest in winter
and spring and there is a decided minimum in the summer as there is in the coastal areas.
On the Dogger, Clay Deep, and Scruff and in * The Mud” there is a minimum about
November or December, at the time when the fish are found in their greatest numbers in
the coastal grounds, Just before this minimum there are slightly higher catches, but the:
exact time of the maximum is not determinable, On the Dogger the spring catches are
higher than the rest of the year, but not considerably so, and it is impossible to connect
these fluctuations with any definite migrations. It is, however, possible that the increased
quantities in the spring may be partly caused by a migration from the northern grounds
to search for food after the spawning season. '

Northern Areas,

The grounds north of the Dogger Bank are relatively rich in cod. The three areas,
D, K, and L are very much the same as regards total yield and the seasonal fluctuations,
so, in order to make as complete a series of monthly averages as possible, the catches
from the three areas have been combined and monthly averages for the whole region
calculated. These, with a few values interpolated, have geen smoothed by the method of”
three-monthly averages into the curves in Fig. 71.

The seasonal fluctuations are very definite, showing two maxima and minima in each
year, The first maximum, occurring in_January and February, is wholly due to the-
appearance of large mature cod in great numbers—most of which are spawning. Only a
few codling are present at this time, averaging generally about half a hundredweight.
The catches of large cod fall off till their minimum in May and June and they afterwards
come to these areas again for a smaller summer maximum. This differs in its nature from
that of the winter, which is formed by a regqular abundance of spawning fish. In the
summer the general catches are not remarkably large, but occasionally shoals appear, andi
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these contribute largely to the total, as, for instance, in one haul in area D in August, 1906,
400 large cod were taken. Such conditions were precisely similar in the other areas
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FI16. 71.—Cop. Northern areas D, K, I, combined. Monthly Averages, (smoothed curves). Continous
line represents all sizes combined ; dashed line, “ cod ” ; dotted line, codling.

where a summer maximum occurred. Several instances of such catches occurred in the
summer of 1905 and this makes the maximum part of the curve remarkably high.
This is the herring season in this region and these shoals are probably closely connected
with the herring shoals.

There is a distinct minimum about November. Codling appear to have a small
summer maximum and a winter minimum, but their fluctuations are not very regular and

they form but a small proportion of the catch.

These fluctuations can be correlated with the complementary variations in the
grounds to the south and east, on the hypothesis that a double seasonal migration takes
place. If it exists, the following movements would explain the phenomena observed.
Large cod are congregated for spawning purposes, mainly in the northern part of
this region, about February. After spawning they disperse, probably in search of food,
and thus form a minimum in the northern grounds, at the same time as the numbers in
the central areas, the Dogger and south and east of it, are being augmented. Scarcely
any fish are to be found in the summer on the eastern and coastal grounds, but both
large and small cod are present on the intermediate areas in summer, and they occur in
considerable numbers in the northern arcas. We may surmise that this is caused by an
offshore migration in the summer. Cod then appear to leave to some extent the offshore
northern and central grounds once more in the autumn, October and November, and
appear in their greatest numbers on the eastern grounds, where some spawn in December
and January, while others return seawards to spawn.*

Southern Areas.
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F1g. 72.—CoD. Area S. Monthly Averages, 1904-1907. Continuous line represents all sizes
combined ; dashed line, * cod,” dotted line, * codling.”

Area S—Fig. 72 shows that this southern area has practically no cod at all during
the months for which we have statistics, i.e., from March to December. There was no
winter fishing so we do not know the conditions then, but the trend is towards increased
quantities in the winter as in other shallow and coastal areas. Throughout the greater
part of the year they are only taken in very small numbers and on rare occasions. One
or two fairly large catches were taken in the month of September on the Leman Ground
and on Winterton Twenties amongst many other hauls which were quite barren of cod.
These are also possibly connected with herring shoals.

* cf. HJORT.—General report of Committee A. Loc cif. p. 116. &
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Area T.—The Botney grounds and Mud Hole are found to yield more cod than the
adjacent more southern area S. The seasonal variations are in their nature very similar
to those in the adjacent area N, i.c., there is a period of maximum abundance (between
1 and 2 cwts.) in the winter, and of minimum abundance (about 02 cwt. or less) in the
summer, July and August. Large cod attain their greatest numbers in late winter or
early spring, while codling appear sooner after the summer minimum and are at their

greatest in the autumn (Fig. 73).
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FiG. 73.—Copn. Area T. Monthly Averages, 1904-07. Continuous line represents all sizes
combined ; daghed line, * cod ™ ; dotted line, codling.

If we leave 1904 out of account, as the fishing then was very small and unrepresentative
in amount, the smoothed curve (Fig. 74) does not show much difference in the total
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Fig. 74.—Cop. Area T. Monthly Averages (smoothed curves). Continuous line repregents all
sizes combined ; dashed line, “ cod " ; dotted line, codling.

abundance in the next three years. However, by a more detailed study of the figures,
when only the most reliable averages are considered, a continued decrease of about 20 to
30 per cent. is evinced in the mean values for these years.

Area V.—Very large quantities of cod are taken in the Silver Pits, the averages
seldom being less than two cwts. and often considerably more than this. There are so
many gaps in the series of monthly averages, and several which are untrustworthy, that
it has been impossible to get a reliable curve to represent the seasonal fluctuations. Large
cod have been found in large numbers in the middle of summer, and apparently in the
autumn and winter they are much lower. Codling are fairly plentiful at all times, and
exceedingly numerous in some months, frequently averaging between 1% and 3 cwts.

The two most southern of these three areas show minimum abundance of cod in
the summer and maximum abundance in late winter and early spring. The quantities
taken from them are rather small. In V (the Pits) many more cod are present and they
are very plentiful in summer. This area partakes more of the nature of the western
grounds where the smaller fish are abundant.

Western Areas.

Area E.—In the few hauls in this area only small cod were taken.

Area R.—The cod population of this area consists largely of small fish. In the
months from November 1905 to August 1906, when this ground was well fished, we
find large cod having small maxima about December and May, with minima in February
and in the summer (Fig. 75). However these fluctuations are not very significant.
Codling were exceedingly abundant in the autumn of 1905 ; they dropped to a minimum
in the winter and then rose steadily till August.

In connection with the large catches of November and December of 1905, a skipper
notes in November that the fish were full of herring spawn, and on the 15th of December
he notes the same thing, with the addition that it was the latest date on which he
remembers having caught any feeding on that kind of food. There is great variation in
the catches ; sometimes a great many baskets of codling were taken, sometimes only a
few fish.

Area X.—These averages as far as they go show that very fair amounts of cod are
taken (mean value nearly two cwts.). Large cod are apparently plentiful in the spring
and early summer, and become very scarce in the late summer and autumn. Codling,
which show no regular fluctuations, are not so numerous as they were in the adjacent




COD : SPAWNING. it

shallower area R, but still they show very fair amounts, and in the mean monthly average
form 43 per cent. of the total. In the first half of the year they are generally exceeded
by the cod in weight. In the latter half the reverse is the case. The greatest average
catches are four or five cwts. In December of 1904 one haul contained over 200 large
cod besides two baskets of codling, In 1895* the principal item of fish taken from the
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Fia. 75.—Cop. Area R. Monthly Averages, (smoothed curves). Continuous line represents all
sizes combined ; dashed line,“ cod”; dotted line, codling.

Flamborough Head grounds in 55 fathoms was large cod. In one voyage 90 score cod
and four boxes of codling were landed in February ; this is roughly equivalent to about
13 cwts. for 10 hours fishing.

Area P.—Cod were numerous in nearly all hauls, and codling averaged in July
between one and two cwts.

Taking all the western areas together, we find that they give a large yield of cod,
larger than several of the areas on the eastern side. Large fish are few in the southern
and shallower parts (E and R), while they are found in good numbers in the deeper
waters (over 20 fathoms) to the north between the English coast and the Dogger. On
the other hand codling are very numerous in the shallower areas. The appearance of some
of the large shoals is definitely connected with the shoals of herring on the spawn of
which they were found to be feeding, and probably also on the fish.

Spawning.

The table (Table XX.) gives simply the number of hauls in each area in each month
in which observations are made on the spawning and maturation of the cod, and as a
means of comparison of the abundance, the total number of hauls made in each month is
also given.

The season covered by these occurrences extends from November to April in 1904—
1905, from September to March in 1905-1906, and in 1907 from January to March, the
difference in the last case being due to a lack of observations in the earlier months of
maturation.

Besides, and sometimes instead of these records in each haul there are notes made by
some skippers on the maturity of the fish. One man in particular prefers to give a
general statement at the end of his voyage regarding the spawning fish, than to indicate
them in each haul.

The earliest records of the season are made in September (1903), when, in the most
northerly part of this region, areas B, F, K, and L, some cod are recorded as “ starting to
make spawn.” In October, 1905, the condition is * spawn forming.” This applies to the
cod in the above areas as well as those of G, J, and O. In November and December they
are characterised as “full ” and “spawn in,” while on the Dogger Bank (O) they are
“gspawning.” In November, 1904, a few cod were found spawning in areas H and M
(Horn Reef), and they become more numerous here in the next month, while a few isolated

* CUNNINGHAM. North Sea Investigations. Jowrn. Mar, Biol. Assoc. Vol. IV., 1895, p. 12.
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cases of spawning cod were found in the more offshore areas I, J and O in December.
In the next month (January, 1905) the occurrences of spawning fish become much more
numerous. In the most northern areas D and L the fish are plentiful, and many of them
are spawning. An observation of some interest made by a man who was fishing in areas
D, Kand I in January, 1905, is “ The majority of the cod are full of spawn. But I believe
that the different kinds go together, because some hauls the cod we get are full of
chicklings, and another time they are nearly all roe cod.” He obviously means that the
shoals of male fish are distinct from those of the females. He also observes in February
that ‘““roes are getting very ripe,” and by March 3rd * Most of the cod have spawned ”
(northern areas). 1In all records spawning cod are noticeably numerous in February in
these northern areas, and there is a falling off in their numbers in March. They were
-present on the Dogger, but in much smaller numbers, and the April records were those of
some half-dozen fish in the first two days.

Tasre XX.—Showing the number of hauls in each area in which maturing or
spawning Cop are recorded.
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An asterisk denotes that maturing or spawning cod are present in some hauls the number of

which is not specified.
The numerator of the fractions denotes the number of hauls when records of spawning fish were

made, and the denominator, which is given as a means of comparison, is the total number of hauls in
the area for each month, only those being included which are made by men who have recorded any

spawning cod or haddock.

In January and February, 1906, the cod from the northern and north-eastern areas
and the Dogger are fairly numerous and are described as having “ spawn in ” and spawning,
Those from areas N, I, and J are *“ very near spawning "’ and “are all full of roes.” In
the northern areas they were noticed in the first few days of March, after which none
were recorded. Observations of a few spawning cod were also made in the western and
southern grounds in March. They occur here in this month and not in those preceding,
because these grounds were not well sampled by the fishermen in the earlier part of the
spawning season, but there is no evidence that they are at any time very numerous in this
part of our region.

The season of 1907 was very similar, although much fewer observations were made.
In January, of the few fish in area N, a few were spawning. After this, none were
noticed in this part.

In the northern areas and on the Dogger they were found spawning in January and
February and in the first half of March.

Thus it appears that the process of maturing begins in the autumn and that the cod
become more and more “ full ” till the end of the year, some becoming ripe in December,
and a few more as early as November. These cases of early spawning occur mostly on
the shallow grounds of the coast of Jutland (H and M) in depths less than 20 fathoms,
But in the majority of grounds the cod are still ripening at this time and it is not till
January that the actual spawning begins. It continues throughout February when it is
apparently at its height, and ceases some time during March, generally in the first half of
the month. Only a few cases of spawning cod were found in April.
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With regard 1o the distribution of these spawning fish, it may be said that they occur
more or less in all areas of this region. The greatest numbers come from the grounds
north of the Dogger in depths of 20 to 40 fathoms. In area G they were also numerous,
but we have a very small amount of fishing in the other north-eastern areas (A, B, C, F)
during the spawning season, so the conditions there must be left somewhat in doubt.
The western and southern areas are very poorly sampled, but as far as can be judged
from the few hauls during the first three months of the year, no great abundance of large
cod is indicated and only a few are recorded as spawning. Apparently then the cod seek
the more central and northerly parts of this region, around the Dogger and Horn Reef, at
their spawning time,* and while they occur in the more southerly grounds and off the
Dutch coast, as we see more definitely from the Dutch reports,} they are not nearly so
numerous in this part.

The first maturity of cod occurs at a size (about 60 cm.) which coincides approxi-
mately with the size limit«hetween cod and codling, that is to to say, the group known as
“cod” is composed almost entirely of mature individuals.i

The proportion that these form of the total catch by weight (approximately) is as
follows :—1904, 50 per cent., 1905, 61 per cent., 1906, 51 per cent., 1907, 68 per cent.,
and 1904-7, 57 per cent. On the other hand, if we make an estimate for the number of
codling from the weight, we find that only 15 per cent of the total number of fish caught
are large and therefore mature. Most of the observations refer to the *large” and
“ medium " cod, but a few, though very few instances occur in which a few of the codling
are spawning.

In those parts of our region which have been sufficiently sampled we find that these
results are in agreement with those given by Damas in the report of Committee A,§ where
it is shown with regard to the spawning of cod that it begins in December in the neigh-
bourhood of the Danish and German coasts, becomes later in the greater depths and
northwards where it is at its height from January to March and ceases in March and
April. Furthermore that it is most frequent in depths of 40 to 80 metres, and that the
biggest catches of eggs have been made in the neighbourhood of the Dogger and towards
the coasts of Jutland.

Summary.—Cod.

The main results obtained from the study cf the cod statistics can be summarised as
follows :—

a. Distribution.—The distribution of cod in the central part of the North Sea,
according to the mean monthly average catch is shown in a comparative manner by
Fig. 76. The amounts in the western areas are not represented very accurately, as the
most northern ones had very little fishing.

Both large and small fish are found over the whole region. They are generally
rather sparsely distributed, but on several occasions they were taken in large shoals,
many of which appeared to be intimately connected with the occurrence of herring shoals
on the spawn of which they feed.

They are relatively plentiful in the northern half and scarce in the southern and
south-eastern parts of the region. In more detail, they are very numerous in the Horn
Reef grounds in the autumn and winter ; on the northern grounds (below the Dogger)
in the winter and summer, and also on the western grounds. In the central areas,
Dogger, Clay Deep, &c., they are never actually so abundant, but they are present
throughout the year, while in the southern shallow areas and the coastal grounds they are
remarkably infrequent, especially in the summer. In respect of their proportions by
weight, codling are found to be most abundant on the grounds off the English coasts and
on the Dogger. They are also fairly abundant in the autumn and winter on the Horn
Reef and Amrum grounds, but there they are exceeded in weight by the larger fish.

b. Yearly Variations.—A decline in the average catch throughout the period is
noticeable in some of the areas, while in others there is not enough material to show either
increase or decrease in the mean catches. The falling off is most noticeable in the eastern,
north-eastern, and central areas, and between 1905 and 1906. In some parts there is a
very small recovery in 1907, while in others the decline is continued. -This is also shown
in the Dutch statistics,| in which the amount of large cod is greatest in 1904 and 1905,

#* Cf. Committee A report, p. 48. Loe. cit.

t Verhandelingen mit het Rijksinstitut voor het Ondersoek der Zee 1907-1908. Plate I.

1 HJorT.—Committee A report, p. 110. Loe. cit.

§ DamAs.—Contribution i la Biologie des Gadides, pp. 64-68. Loe. cif.

| Jaarverslag ontrent het beheer van de Visschershaven IJmuiden. 1908. Table iv., p. 72.
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and in 1906 there is a drop to a little more than one-half the amount in 1905. Codling,
on the other hand, show minimum quantities in 1905 and 1907, the same trend as that

described in area N.
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F1G. 76.—Chart showing the distribution of C0OD according to the mean monthly average catch
in various areas, and the periods of maximum abundance in the different regions.

¢. Seasonal Fluctuations and Migrations.—The fluctuations in the catches of “cod”
arve fenerally definitely periodic, those of codling are not so regular, and they are often
found to be of a somewhat different nature. The most noticeable variations are those in
the mnorthern areas, where there are two distinet maxima, the first caused by the
immigration in the winter of large spawning cod only, and the second in the summer by
shoals of fish which apparently are following the herring—and also of the eastern coastal
grounds and the southern grounds, where there is found to be a maximum in the late
autumn and winter, and a distinet minimum in the summer.

On the central grounds we notice a minimum about November and December, and
in some a spring and autumn maximum.

The most probable migrations which can be inferred from these complementary
fluctuations, are for “cod” a movement northwards in the late winter towards the
spawning grounds, a return migration when this is over, swelling the spring catches to a
greater or less degree in most of the areas to the south. From the eastern and southern
grounds there is a distinct offshove migration in the summer affecting all sizes, and
codling show an inshore migration in the autumn, forming an early winter maximum on
the coastal grounds. The autumn increase can also be partly accounted for by the
inclusion of the smaller sizes which had before been untrawlable.

In the spring of 1905 a large number of tiny codling were to be taken on the Dogger
Bank, and traces of them were still to be found in the autumn of the same year, when
very large catches were made on the grounds between the Bank and the English coasts,
whither they had probably migrated according to the usual tendency to go inshore in the

autumn.
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d. Spawning.—Roughly speaking, about 15 per cent. of the total number of cod
taken by these fishermen in this region are found to be at or above the size at which they
first become mature.

Some of these were recorded as maturing or spawning in the months from September
to March and April. The actually spawning fish occur as early as November and
December on the eastern coastal grounds, but the majority on the offshore grounds are
still maturing then and do not spawn till the height of the season—dJanuary to March.
The largest number of these spawning fish come from the Horn Reef grounds and the
grounds below the Dogger, i.c., the northern areas. They were also found on the Dogger
itself and in the grounds south of it, but in considerably smaller numbers. We therefore
conclude that in this region they spawn in depths from 15 to 40 fathoms, but prefer water
over 20 fathoms in depth.

F.—Happock.
Introduction.

This species is much more abundant than cod in this region. By weight alone the
total catch of the four years was more than twice as much as that of the cod, while the
total estimated numbers, 798,722 large and 1,088,843 small are more than siz imes the
number of cod caught in the corresponding time. The total yield of haddock approxi-
mates more to that of plaice, but in its distribution, geographically and by seasons, it
shows much more similarity to that of cod,.e. it is more abundant in the northerly rather
than in the southerly parts of the region.

Conversion of the different Measures into Weight.

The fishermen record their catches of haddock in two classes “large” and * small,”
and give the number of “ baskets ” of these or at times the number of fish. For estimating
the weight of these, we have firstly the information from Grimsby that 35 large and 110
small fish fill baskets weighing 60 lbs. and 50 lbs. respectively. From these values the
resulting average weights are "015 cwt. for large and ‘004 cwt. for small fish.

These values closely correspond to those found from the figures given on page 94 of
the Committee A report.® In this case the average weight of the “small ” is *0048 cwt.,
and I have adopted ‘005 cwt. as the best approximation. It is evident from that report
that the division between ‘large’ and *small” comes in the neighbourhood of 35 cm.,
and that the average size of the small is about 30 ecm. (12 in.).

The weight of a basket of haddock has been obtained from the * Huxley ” records
and also from the Grimsby records by the method of comparing the total catches with the
totals landed. The former method gives the average weight of 188 baskets as ‘60 cwt.,
while the latter results in the following table :—

TasLe XXI.—Showing the ratio between the total number of boxes of Happock
landed by certain skippers and the number of baskets caught.
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vi. | (D) oy LIRS P R ! | 63
vii. i LR SR B T 4 SRR B -54
L TR B R | Ry il e et A
Allmen ... | 56 ‘ .54 ’ rigy | -58 j ‘56 I
| | |

In the calculation of the last ratio *56, 28,542 baskets are considered. From this we
conclude that the most probable average weight of a basket is *56, the weight of a box, /.c.
*56 cwt., and this value has been adopted for these statistics.

¢ Loc. cit,
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Total Quantities of Fish and the Proportion formed by “ Large” and * Small.”
i3 ! ‘

TasLe XXIIL.—Showing the total quantities of Happock (in ewts.) recorded by

certain skippers during the period 1904-07, and the percentage of the total b}
weight of the groups “ large ” and * small.”

! Percentage of Total Weight.
i | Large Small Total
rndd | Haddock. Haddock. Haddock. T
l 1 Large Small.
T ! | [
1904 ... ‘i 452684 : 65697 518381 873 i s
1905 ... 5388-61 | 1970-86 735947 73:2 26-8
1906 .. .. .| 1270-06 | 1747-64 3017+70 429 578
1907 ... 95507 ‘ 742-09 169716 56:3 43-7
Total ... 1214058 ‘ 511756 ‘I 17258°14 705 29-5
! |

The main features shown by this table are the considerably varying and increasing
proportion of small fish, with the greatest proportion in 1906, and a decline in the total
catch. The average per 10 hours fishing for the four years are 5-11 cwts. in 1904, 3-88
ewts. in 1905, 2°38 cwts. in 1906 and 2:06 cwts. in 1907, which shows a considerable
drop,* but these figures are analysed in more detail in the next table. In 1906 there were
large numbers of small haddock, while the average catch of the large was less than in
many of the other years. Further analysis of the records shows that small haddock were
also very plentiful in the latter half of 1905, most of them being so very small that tons
of them were thrown away. These facts fully confirm the results given in the general
part of the Committee A report, p. 102, and by Helland Hansen} where it is shown that
in 1902 and 1903 very few young haddocks were spawned, while in 1904 there was a
large number, so that two years afterwards, when these became of a trawlable size the
catches of small fish in 1904 were particularly small, while in 1906 very many * small
haddock " were trawled.

Yearly Fluctuations.
TasrLe XXIIT.—Showing for groups of areas, the yearly average catch of Havpock
per ten hours fishing, and the percentage of the total weight formed by the
class ¢ small.”

North Eastern. [ Eastern. | Central, | Northern. Southern. Western,
l A.B,C.F. G H. M. Q. W, [ I N. E'OQ; L DK, L 8. T. . B. X, P, V.
= s 28|52 L | ;'e.ﬁ"f*‘?”“fﬁ"s’;?ﬁ”’ s (28[58 | | ‘v—'é'i‘uﬁ" —I" e
g =8 L | 8 (28 L. | 8 2| 29| L | 8 |ZR|88| L. | 8 | g L 2 8
kiR 1B RE LHER R FHERRIE R RS LT
sl B ; i i =
1904, ! ‘ l : l ‘
May-Dec.‘7'201'999'19}21'71'680-03!1'71 1-8/6-54/0-58(7-12( 8-1|6-40[2-12/8-52(24.9/0° 05058005/ 0-0/2-16|1°10/3°26 337

|

1905. 6'87]1':3ﬁi8-43 18°51-06(0-251-2017-83-98 1-584°8632°56°45/1°16
| |

1906, 4°193:33(77245°70°810°59 1*4042°11-07I2°04/3°11/65- 6349 1-92

1907. | — | — } — |34'6‘0'?4 0+240-98245/1-80/1-05(2-35 44-73-11!3-15{

All these groups of areas show a distinet and considerable fall in the catches between
the beginning and the end of the period, and in most cases it is continuous. The
proportion of **small ” fish varies very considerably in the different areas in the different
vears, but all groups with the exception of the northern areas, are alike in showing a
maximum proportion of ““small” in 1906 with a minimum in 1904 or 1905. Large fish
have their minimum catches in the same year (1906) in most groups.

The class ““ small "’ forms the largest proportion of the total in the west and south
parts of this region, but they are actually most numerous in the northern and north
eastern areas, where the large fish are also most abundant, for, like the cod, haddock
show a much more northerly distribution than any of the other species yet dealt with. On
the eastern grounds, small haddock are scarce and form less than one fourth of the total.
With regard to the total yield, we find the north eastern areas have by far the largest
amount, averaging over eight cwts. per 10 hours fishing, In the northern areas we have an
average of nearly seven cwts., and in the central areas between four and five cwts. The
eastern and western grounds have less, those on the western side being made up by

7°61]16.2{0°26)0-68)0-94172-3/0-38 1'90‘2'28 333

5- 41|35 50130 76,089 85 4/0 051 65170 971
|

6-26{50°3/0° 24 0’1310'37‘35'1 053 I‘20§1'7369'4

e Cf. HELLAND HANSEN. Statistical Research into the Biology of the Haddock and Cod in the
North Sea, p. 43, Report of Committee A.
+ Loc. cit., p. 37.
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TasLe XXIV. (continued)—Suowing for each area the Monthly Average Catch of Happock in cwts, per 10 hours’ fishing ; large (L) and small (8) being distinguished.
January. February. March. April. May. June. July. August. September, October, November. December.,
Group. Area. Year, i Area,
i 8, All Sizea. L. S. All Bizes. ) £ S. All Bizes. L. 8. All Sizes, L. 8. All Sizes. L. 8. A1l Bizes. L 2. All Sizes. . L. 8. All Bizes. L. S. All Kizes. L. S. All Sizes, L. S, All Sizes. T g, i All Sizes,
|
8 1904 s " ” w . . .- -+ 000 26 0-00 000 0-00% 0°00 0-00 RIS 0:00 0-00 0-001o 000 000 000103 . 8
1905 3 b . 5 . 000 0:00 000817 + - T4 000 0-00 0-00% 0°00 035 035 000 3:95 3-958 0-21 239 2-8018
1906 9 000 0-00 0+005 000 0-00 0-00% 000 000 0-0022 000 093 0937 000 0-37 0374 000 0-07 0075 000 003 0+ 03108 0-00 000 000220 000 000 0+00% .
1907 v - % = 55 0-06 004 01081 006 004 01035 0-00 000 0- 00271 - 0+00 0+00 0+ 0016
19047 N 000 0-00 0400 000 0-00 0-00% 0-00 000 0-002 003 005 019465 0°03 0-05 0+ 0919 0-00 + EREL + + {1309 0:00 0:00 0+ 003 0-00 001 0+ 01163 0-00 1487 o701 0-91 259 25013
o T 1904 = . " = e % wes e i 3-02 0-43 34518 0-00 0-01 0-01% 000 0-00 0-001 000 0-00 0+00% 000 0+00 0-00% i o7 1-00 0-00 1:0022 T
é 1903 - £ n 0-44 0-00 0- 4435 . 0-00 000 0-00% 0-00 000 0007 001 072 0- 73100 0-05 240 244177 0-22 2-37 2+ 5YIs 164 113 276310
; 1906 0-04 0-76 079% 0+00 0-19 01952 0-00 202 20212 0-12 248 9: 60 010 2:72 28907 0-17 1-61 L-78181 0-15 070 0+ 8590 000 034 0+ 8453 0-29 0-38 0672 326 204 5292
E 1907 ” . 036 065 1-03% 168 157 3 25% 097 064 1+61143 0-02 003 0069 077 035 1°12% 089 032 1-918 040 000 0- 40212 0+00 0-00 00012
z% 19047 . 0°04 0°76 0°79% 0°00 0-19 0°19%2 009 187 1+76151 0-76 120 195146 0°56 1-34 19126t 0-10 0°89 Q- ggsa0 0-08 0-35 043177 0+08 0°51 | 0-58211 0°31 1°11 1447456 045 .44 1-§0604 1°58 1-08 E g+ 67372
Vv 1904 5 o 5 o 2-80 0-69 3-491 2-52 058 3:1186 090 041 | 1318 - 1-14 000 1-1418 | v
1905 = . 0-00 0-17 0172 . 0°50 0-00 0+ 50105 000 273 9:73% 6-20 10-00 16+20%
1906 038 381 4-19% 0-31 1-24 1564 0-07 4-25 43280 000 137 14373 000 140 1-4012 0106 403 4-00% 012 699 7010% 048 4+40 | 4-88% 051 2-04 2+ 551G 0:73 1-10 1-8312 i
1907 . P - e 000 000 0-00 0°70 210 2808 035 404 4-3995 g-11 213 42481 1-50 0-00 1-50% 144 130 27448
19047 0-38 3481 40195 0-31 1-24 1564 0:05 3-27 338105 000 137 137% 0-00 000 0: 00+ 0-28 1-68 1°96%0 128 1-51 2+803 1-37 286 4-gglut 0:69 243 ge11% 275 871 6451 1-24 024 14485 1-44 1-30 2:74%
E 1904 5 s so - - see . ave . e - - s s wne e i35 E
— . . . - - w - - i a . - - "
1906 000 000 0008 - i 0-00 6-00 0-00¢ 000 002 0-0218 0-00 000 0001 = .
1907 . . .
1904-7 0:00 0°00 0°005 - 0°00 0°00 0-007 % 0°00 0-02 0-0218 0°00 6-00 0-00!! o . -
R 1904 5 o .. ” . 000 000 000 000 0-00 000 R
1905 . . 0+00 000 0-0014 5 000 000 0+0076 & g 000 1-87 1871 & 0+00 3-74 374168 0+ 00 1-39 1-3922
1906 000 0-11 0-1113 000 Q-00 000236 0+00 0-00 0-00%0 000 045 0~ 4566 + 2-19 2-1917% 0-00 279 279238 0°00 2-35 23222 0-00 266 26613 0-00 SeTT 3177 1'83 1-35 3198
% 1907 . - 0-00 000 0+ 005 0-00 000 0002 004 004 009 035 1-40 1-75¢
E 18047 0-00 011 0-111% 000 0-00 0°007%5 0-00 0-00 00024 0-00 0-44 0-4422 + 1-40 1-40¢7 0-01 246 24770 0-01 2-33 834240 000 266 2-gg11 0-00 2+25 2952 1-83 135 ge1glt 000 355 355177 000 1-36 136216
B
g X 1904 - - - - - 095 123 2-1810 690 1-78 8- 68% 041 184 2+25% 2-94 098 3921 000 0°00 0-0017 X
; 1905 000 003 0-03¢ 0-47 047 093 0-18 0-04 02253 000 000 0-00%2 A = - 015 1-24 1-40% 0-00 910 9-10107 002 085 0-8718 1-70 452 6224
1906 . = 000 0°00 0-00° 0-00 0-09 0-09% 000 051 05177 000 129 1+294 0-13 104 1-181%6 006 231 | 2-3me 000 2-65 2-65% 002 350 35264 0-00 1-82 1-g2% 1-05 228 3-331 "
1907 0:00 008 00832 000 175 1758 0°04 290 ERA . 0-12 0-07 0-19188 005 025 0-30% 000 017 0-17%
1904-7 | [o-00 083 0-03¢] [o-12 012 0-23%%] 0:09 0-07 =154 0-00 044 0- 4% 0-00 0°€9 0-6910t 0-13 1-08 1-2116 0-36 2-12 2+489l7 2-f2 2-31 50318 0-15 2:54 2-6912% 007 0°89 0+96310 127 0-96 2-23% 0-87 2-36 3:23%
P 1904 . . % . 1-78 1-61 3-34208 0-70 070 1+408 “ P
1905 5 - - - - 2-78 1-93 46616 a w o i
1906 - ” g = 0G0 0-00 0004 0-00 031 0-311 is g & 0-00 198 1-98% s 4
1907 - s ” - . oy - &
1904-7 - = % 0°00 0-00 9-00t 0-00 031 0-31! ey 1-80 163 340 018 1-86 1-84% - - o a
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81A
Tasre XXIV. (continued)—Srowine for each area the Monthly Average Catch of Happook in cwts, per 10 hours’ fishing ; large (L) and small (S) being distinguished.
January, February. March. April. ng. June. July. August. September. October. November. December,
Group. Area. Year. T i l I : [ \ . ) . . . . i i Area,
g5} Q. All Sizes. T, | s, ! All Sizes. T , S, H ATl Sizes. L. 1 8. | All Sizes. L. S, All Sizes. L. S. All Bizes. L. 8. All Bizes. L. 8. All Sizes. b3 8. All Sizes, L. & ! Al Sizes. L. 8. ATl Sizes, L. s, ATl Sizes,
| — : i
I 1904 5 ,, I 2-49 1-56 4049 E 857 0-07 86470 6-40 0-44 684204 = 3-97 035 3427 507 0-95 G Q1401 T
1903 2-68 0-31 209105 “ 0+98 0-35 1-35%0 v v . 4-91 2-53 74495 756 2-43 99978 2-34 0-70 30464 1-99 1-96 3055
1906 295 1-63 458 3755 3017 Ge72% . . 5-87 0°76 66377 % “ 587 649 11-86% 3-66 5-90 9+ 550 118 2:31 3-4g2s1 1°67 0-78 9+ 46130 017 0-59 0T
1907 0-48 0-45 0-9367 0-36 2:32 26788 - a5 1-58 0-00 1-5816
1504-7 274 058 3-3g1ss 855 3-17 6728 0-48 045 0-9307 036 232 246768 467 075 542108 = 5 682 359 10+ 49167 540 2-21 7+ 6150 256 2:34 4-9052 2-24 0°60 28575 420 1-09 5295
N 1904 126 079 50529 2°50 014 9+ 60 008 0+03 011208 0-62 0-04 0- 54109 196 0-47 2439 234 025 2591 4-21 003 4-25182 3-44 000 344156 N
1905 0-02 000 0028 051 0-07 0584 087 0+00 0-37% 1-03 005 1-08% 0-94 001 0950 | 362 024 38612 4+00 041 4407 013 0-01 0-14% | 000 0+00 0+ 007 B85 122 | a0 1-13 3-74 4-gghe
1906 0-85 1-75 _ 012 0-10 0+ 29310 ‘+ 000 _;-583 010 1-14 10241 0-67 1-46 2-13% 0-27 212 23958 118 5411 4-297 0794 334 35817 0°00 0°40 0+ 4051 0°01 035 0- 26198 0+63 2:18 9-g]201 0-29 254 9+ 767
" 1907 0-34 9-18 3-538 0°10 064 0-7ats | 048 0-49 0-9722 0-98 103 2- 00t 202 1-49 3507 223 094 341771 183 110 2-9318 000 006 0-06% 000 000 0002 0°28 0-07 035 0-69 + 0- 9954 0-49 0-00 0- 499
é. 1904-7 0-83 1-91 2+ 5473 0°14 0°'2¢ 0-38475 0°23 0°20 043563 0'93 075 1+6§206 1+53 105 2+58251 2+36 084 32033 1-32 085 217475 0°24 1°07 1-31623 0-29 0-10 0° 39638 0:76 015 091531 170 074 2044976 1°39 2-43 3+80718
;: 1 1904 @ @ 358 0+53 4-11101 871 068 13918 5784 0+63 g 469 7+92 0-06 7-982 | 1533 087 16+2015 3+04 0-17 3-9110 §°58 073 93189 I
‘E 1905 4459 0+33 40957 9:94 Q'21 24517 ; 452 0-29 4-81% 3-59 0°3% 39712 333 1-47 4'89%3 2-47 064 3+11052 e 2:49 512 7601590 2-18 5-31 7- 4947
1908 0°62 475 5367 . N 2 333 658 9-9174 I-31 406 537 097 097 195U 0-22 3044 36605
o 1907 ' . ; 3 = i 242 095 338160 248 035 2-98m 1-14 0-16 13007
| 1904-7 271 2-43 518169 2-24 021 24517 |- . 3+90 0°45 435153 3+51 2:56 §+07218 470 1-01 571552 358 0°66 4-251065 | 11-73 0°50 12453300 2429 2-81 2-goi2! 7-84 1-26 910408
0 1904 = 5 \ . 840 3-08 11-4810 580 142 722100 5004 098 60219 5116 0-97 61351 53459 1°14 6-7326 | 18-72 0+47 19+ 6350 477 037 5147 7'88 0-07 7-95% 0
1905 6-36 0-20 655100 1+56 0-06 1-62% 4-23 0-86 | 509130 5-82 0-78 6+ 60513 660 1:03 7'§3”5 Q'ZO 0-94 Ti1ni=t 414 0-82 49755 542 228 ARl 3-08 311 61932 185 3-71 | §e5 e 317 4-11 728938
1906 & 2:13 573 5871 021 0+00 021 0+00 1:24 1-2414 1-96 3-92 58810 - a 160 3-20 480 1-04 g3 1071 2:80 £20 7004 .
1907 4-57 3:97 8- 54281 “ . o 1-89 173 3628 ' - | ) 655 1-59 81468
1904-7 504 a-08 g+gisl 1-85 0°63 2-2807 3-29 1-12 a-2g2 569 | 0°79 6° 4862 653 115 768115 602 116 | 7eas 4-47 0°88 535 524 1-33 6578 553 118 670220 1103 167 18+0159 202 1-67 56857 3+89 348 73863
] :
| | |
D 1904 g i ¥ w s vl ‘ 55 £ = 5 @ i - " 295 538 3397 D
1905 1-32 0-46 1-7861 0-47 1-27 10- 75760 673 2-23 E 8-96047 0-97 1-60 i 2-57 - s i - i 459 2:01 6 61%
1906 wr fib 6-73 0-82 7555 3-16 1:2) 43637 e I - - e ™ vea i 227 0-88 314181 1-28 1:28 2512 . . . . -
1907 s 3 3-95 156 5+50% ‘ - - " i
1904-7 132 0-46 178681 9°20 1°23 104254 567 1'93 75993 0-97 160 ‘ 2572 ‘[ & 2+27 0-88 31418 1+28 123 2+51% = 2095 5-38 30329 459 201 66109
g K 1904 | # " & o ‘ 2:10 560 ! 70700 3-93 233 625% 480 180 6607 631 2-64 89518 809 158 9+ 79 2-02 052 | 2 K
5 1905 528 0-63 59120 6:12 | 069 G- 8128 1-72 022 1-94% 3 vz ” 5760 1+40 7+001 9-54 1485 1i-40m 1440 1::0 2-801 . ' .
s 1906 3-25 1-99 5248 3-73 257 6-30% 2-39 0}55 | 288w ‘ - " 109 2-32 3-4121 . .
é 1907 2-06 1-00 3+06% 879 383 7-69%2 3-18 384 ‘ 7-0228 1 5 i 1-27 140 27671 035 035 04708 ‘
= 1904-7 306 0-82 38937 491 | 225 7160 2+92 301 | 594308 3 2°10 560 7704 3-93 233 6+ 255 " 509 1°85 67511 722 2-18 9+ 4014 717 155 g+ 72110 1057 0-47 24042 .
L 1904 . - J I s 508 12¢ | 632 187 140 3-27% 608 1-82 7-90% 7-80 2-05 9- 8510 714 1w 9+ 0g6s 099 132 2318 % T
1905 465 048 5-13% 597 5 0-26 623682 659 0-23 G- 82192 4-92 0-62 5ro4 3-97 0-61 4-57%0 2-00 2+00 4007 2-14 083 2-98" 311 1-01 4-1218 6-87 237 9-2381 s } 2-88 652 9-40%
1606 564 1-42 706132 540 | 076 61624 | 1-39 0-66 2- 05199 350 076 426105 4-39 1-08 547 2-79 094 3+ 73101 3-16 4-88 7+ 99305 253 | 538 799186 .
1907 J 187 | 063 | gesom .. T = & _— 162 | 571 73218 . .
19947 525 106 §+31210 5°81 040 g 215 548 ' 0°33 l 5+8122 4°92 062 i 5-5411 1-78 065 | 288 3-67 0°90 457136 3+33 0-98 4-32'% 418 131 5-50203 5+22 3°56 ‘ 878554 3-85 | 437 8-23217 0-99 1-32 2318 2-88 6-52 9+40%
| i | i
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considerable numbers of small fish which appear to be very scarce on the eastern side
(where the total average catch varies from one to two cwt.). The southern areas give

a very small yield (less than one cwt. per 10 hours in each year).*
Thus there is found to be a great difference in the yield of haddock in the various

parts of this region, and while their distribution is somewhat similar to that of cod, in
showing increasing quantities towards the north, they exhibit still more marked and
decided differences in the various parts. For instance, the average catch of haddock in
the north eastern region is about 15 times that in the southern region, while we find that
for cod, this proportion is halved.

The yearly catches are compared in another way by the following summary, which
is the comparison of the averages of the corresponding months in the various years.

1905 is 24 times less than, and 14 times greater than 1904, out of 40 months.
1906 is 15 times less than, and 17 times greater than 1904, out of 35 months.
1907 is 13 times less than, and 10 times greater than 1904, out of 25 months.

1906 is 20 times less than, and 24 times greater than 19035, out of 46 months.
1907 is 14 times less than, and 15 times greater than 1905, out of 34 months.

1907 is 19 times less than, and 12 times greater than 1906, out of 33 months.

There was a decided

On the whole, this table shows more decline than increase.
1907

drop in the yield of 1905 compared with 1904, while in 1906 there is a recovery.

is less than 1906.
The Fluctuations in each Area.

The average catch of haddock in each avea is given for each month in Table XXIV.
The nature of the variations, as far as they can be determined from these figures for each

area or group of areas, is as follows :—

The North Fastern Areas.

Cwts,
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F1G. 77.—HADDOCK. North-eastern areas combined. Monthly averages (smoothed curves).
Continuous line represents all sizes combined ; dashed line, large fish ; dotted line, small.
When we compare the averages from the various parts of this group, especially those
representing a very fair amount of fishing, we find a certain similarity in amount
and trend. Owing to this fact, it is possible to combine the records from all these areas
and so obtain a more complete and accurate series of averages than is otherwise possible.
The resulting averages with a few interpolations are smoothed into the curve of
Fig. 77, to show approximately the nature of the abundance and the seasonal variations

in this region.

. * With these facts compare the results given on p. 92, Committee A Report. Loc. cit.
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The height of the curve is considerable and shows that the stock of haddock is very
great. This consists of fish of all sizes, the large fish preponderating and far outweighing
the small, although these are not at all inconsiderable in amount. With regard to these
small fish it should be mentioned that a number of small unmarketable haddocks were
present in area G in January, 1905, but these are thrown away when caught. In area F a
lot of tiny haddocks appeared in September, 1905.

Haddocks of all sizes are most abundantly found in the months August to October,
in some areas averaging nearly 14 cwt. in September. In some cases, as in F, they appear
in unusually large shoals, The averages for the spring months (1905) are based on very
few hours fishing, and are possibly erroneous, so we can place no reliance on the position
or extent of this minimum,

About ten years before (in 1895) the chief item of fish landed from this region was
haddock ; vessels would bring in sometimes from two to three hundred boxes of large
haddocks as the result of one trip—far more than is now ever taken.*

Fastern Areas.

Cwis

1904, 1905,

?]ulg Sep Nov. Jan. Mar May July Sep. Nov.Jan,

F1G. 73.—Area H. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dotted line, small,

Area [1.—The curves illustrating the fluctuations in this area show that a fair stock
of haddock is always present, and that it neither gets very low nor has such a high
maximum, as the grounds still more to the north. It consists almost entirely of large
haddock alone, until the latter half of 1905, when the quantity of “small” gradually
increases to a maximum 1°02 cwts. in October. In the total catch, there appear to be two
maxima, ag in the late autumn or winter and the other in the spring or early summer.
The summer catches are low.

Great variation is noticeable in the catches of haddock in November, 1904 —sometimes
they are caught in basketsful numbering from 7 to 11 and then for many hauls only a
fraction of a basketful would be taken. In October, 1904, they are absent from most of
the hauls up to the middle of the month, and after this they are taken in considerably
varying quantities. Good catches were made in January, 1905, and nearly all the large
fish in these were spawning. Probably there is no minimum in February and March.

Area M.—This ground differs from its adjacent area further north in yielding
generally a smaller catch of Laddock. This is especially the case in the summer, when
the catches are most often zero (Fig. 79). There are two annual maxima, the one in late
autumn being by far the greatest, indeed it is only from November to December that the

Cwis.
5

1904-T,

<

E {,i N

Jan.  Mar  May July Sep  Nov. Jan

F1G. 79.—HADDOCK. Area M. Monthly averages, 1904-07. Continuous line represents all sizes
combined ; dashed line, large fish ; dotted line, small.

* CUNNINGHAM. North Sea Investigations. Journ. Mar. Biol. Ass., Vol. IV., 1895, p. 13,
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catches are at all large ; for most of the rest of the year they average considerably under
one cwt. A secondary maximum occurs about June, but being of such a small extent,
it is probably only caused by the spring migration shown clearly in area H extending a
little further south into M. It is generally caused by a few very large catches combined
with hauls in which none are taken, and is not always indicative of a uniform large
abundance,

Small fish are rarely found in the catches till the autumn of 1905. In 1906 they
form a still larger proporsion of the total, though on the whole throughout the period

the large fish exceed the small in weight. (Fig. 80.)

Cwts.
2 1904 19Os5. 1906. 1907
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Fic. 80.—~HADDOCK. Area M. Monthly averages (smoothed curves). Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small.

The difference in the yield of the successive years is not determinable from the curves
but it is interesting to compare such averages as we have with the conditions that existed
here ten years ago. The average catch of haddock in Mai, 1905, is 0'61 cwt., in June it

il

is 0112 cwt. In 1895* the results of two voyages in May and June respectively are
114 cwt. and 3°1 cwt. per ten hours fishing. It is evident that at one time haddock

were much more plentiful on the Sylt grounds than they are now.
In December, 1904, a noticeable diminution in the catches occurs towards the end of

the month. This may be caused by an offshore migration of the fish.
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F16. 81.—~HADDOCK. Area Q. Monthly averages, 1904-07. Continuous line represents.all sizes
combined ; dashed line, large fish ; dotted line, small.

Areas ¢ and W.—In the latter of these two areas no haddock were taken at all (in
spring and summer), while a similar condition of things was the case in area () for the
greater part of the year. The autumn and winter months are not sampled sufficiently for
us to know whether the fish come inshore in this part as they do in the other two inshore
areas in the autnmn, but this is probably the case. They are certainly entirely absent in
early spring and are only found in any appreciable quantities in May and June of the
months investigated. In 1906 and 1907 they were more plentiful than in the other

years.
The four eastern areas yield small quantities of haddock, the northern Horn Reef

area having the largest amount. There are generally two maxima, the greatest immigra-
tion taking place in late autumn ; the other one occurs about May or June, just after the

* CunNINeHAM.—North Sea Investigations. Loc. cit., p. 33, et seq.
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spawning season. There is an absolute minimum in the summer on the Sylt, Amrum,
and Terschelling grounds. Comparison with observations made in 1895 show that the
catches in this region have much decreased as compared with that year. Large fish

preponderate in this part, but small haddock show inereased proportions from the autumn
of 1905 onwards.

Central Areas.
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F1a. 82.—HADDOCK. AreaJ. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dotted line, small.

Area J.—There is great similarity between the total yield and seasonal abundance
of the haddock in this area and those immediately to the north (the north eastern areas).
Comparing the sections of the curves (Figs. 82 and 77) from 1904 to 1905, we find the
same sharp fall from a maximum in the summer to a minimum in November or December,
a slightly smaller but still large abundance of haddocks, which consists in these two years,
mostly of large fish. A much larger proportion of small was taken in 1906, so that, in
spite of the fact that the large fish was less plentiful in that year, the total catches were
in some months (August and September) considerably greater than they were in the two
previous years. The catches are fairly large throughout the year. Only on two occasions
is the average less than one cwt., while the highest average attained is 11'86. Between
1905 and 1906 we find indications, from the few hauls taken in the winter

, of increased
quantities at the oncoming of the spawning season. $
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Area N.—The total yield of haddock from this region is much less than in any of
the other central areas, the maximum catches being about 4 cwt., and the minimum zero.
The seasonal variations are very regular and periodic, giving annually two maxima in
June and December, while the minima between these two come in the periods February
to March, and September to October. (Fig. 83.)

Fig. 84 shows that in the first two years the stock mainly consists of large fish, but
these become very scarce in 1906 and make a slight recovery in 1907. This decrease in
1906 is almost balanced by the greatly increased numbers of small fish which appear first
of all at the end of 1905, but which show a considerable falling off in 1907.
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F1G. 84.—HADDOOK. Area N. Monthly averages, (smoothed curves). Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small.

Area 1.—This i1s a good area for haddock, and the average several times exceeds
7 cwt., and on one occasion (October, 1904) it is as much as 16'2 cwt. As in many of
the other areas, we find here a majority of large haddock, until the last three months of
1905 and in 1906, when the small fish outweigh them considerably.

For the seasonal fluctuations (Fig. 85) we find the catches rising from the summer
of 1904 to a maximum in October, followed by a drop to the following February. In
1905 the large fish show a slow decline from June to January, 1906, but the marked
increase in the number of small fish is sufficient to make the total catch rise from a
minimum in the summer to a maximum about November. There is a downward trend
throughout the summer and autumn of 1906, corroborated by the decreasing averages of
September to November, 1907, but the amount of fishing is almost too small to make this
«conclusion of any value.

Cwls.
% A 1904 1905. 1906.
(m
A \
Al A \
! |
3 | |
|
L., \
T =g
) )
) ; ¥ !‘
5 -" \\L VA\ :’:,.
! \ i i
il VA |
4 | -. ol -
- ‘ Xl &
| o e
3 | K9 \\ -
h
b . / '\\ \\
_;"I \ \
|  on ‘i\
I'\v..\v‘.t-,‘__\ /

¢ July Sep Nov.dan Mar MayJulySep NovJan. MatMath:dg SepNov.

F16. 85,—HADDOCK. Area I. Monthly averages (smoothed curves). Continuous line represents all
sizes combined ; dashed line, large fish ; dotted line, small.




86 LEE : GRIMSBY TRAWLER RECORDS.

Area O.—The Dogger Bank appears to be pre-eminently a haddock fishing ground,
for it yields a far larger amount of this species than of any of the other important food
fishes yet dealt with in this report. In the eight months of 1904 for which we have
records, the averages, with one exception, were all over 6 cwt., and in October the total
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Fic. 36.—HAppOCK. Area O. Monthly averages, 1904-07. Continuous line represents all sizes:
combined ; dashed line, large fish ; dotted line, small.

reached the high amount of 1968 cwt. The catches in this month were extraordinarily
large, several times from 50-80 baskets were taken, and in one haul on the 22nd October
there were 147 baskets, most of them being large haddocks. These large shoals are
undoubtedly connected with the herring shoals which are generally very numerous on the
Dogger in September to October, and the haddock follow the herring in shoals in order
to feed on their spawn. There is a good deal of external evidence to confirm this.
Firstly, we know that the Dutch and German drifters go regularly to the Dogger for
herring in October. Secondly, the “ Huxley ” records confirm the presence of herrings
on the same part of the Dogger (the South West Patch), and about the same time (the
20th October, 1904) that these large hauls of haddocks were taken by the Grimsby men.*

Cod, haddock and whiting were all observed to be feeding on the herring spawn
which the trawl brought up in large masses from the bottom of the sea. Further evidence
of the conditions in this year is given on page 34 of the paper by J. Boeke, on the * Fish
Eggs and Larvwe in the southerly North Sea,”f where he observes that the Dutch fisher-
men made enormous catches of haddock in Oetober, averaging about 606 kg. per da
(about 12 cwt.), and that the examination of the stomachs of 60 haddocks on the
20th October, showed them to be full of herring eggs.f The largest catches were made
just north of the S.W. Patch, in the very same place as the Grimsby fishermen found
them.

The fact that in the next year (1905) there is no such decided maximum about
October may mean that the fish were not actually present in such numbers, or, that if
they were, the men whose records are available did not happen to come across the shoals.

The small fish become noticeably more numerous at this time and in 1906, while
the large fish, which have a second maximum about May, gradually decline in numbers.

"~ % Voyage 41, Station 19.
t Verhandelingen Uit. Het. Rijksinstituut vor Het Onderzoek der Zee. IIL-V. 1906.

1 Of. Todd. Food of Fishes. Internat. Invest. Mar. Biol. Assoc. Report II., Part I, 1904-5,
P 127.
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Tiny unmarketable haddock were very plentiful on the Dogger in April, 1905, and
in the succeeding months. Tons of them were put overboard, and one of the skippers
remarked that it was many a year since he had seen so many very small fish on the
Dogger. They were mainly haddocks and whitings.*
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¥1G6. 87.—HADDOCK. Area 0. Monthly averages (smoothed curves). Continuous line represents
all gizes combined ; dashed line, large fish ; dotted line, small.

The four central areas, with one exception, yield very large amounts of haddock,
the average in many cases exceeded 5 and 6 cwt., and was very seldom less than 2 cwt.
“The most southern and shallow of these areas show smaller catches with a maximum of
about 4 cwt.

In all parts, the small fish were scarce in 1904, and increased significantly at the
end of 1905, when they began to exceed the large. The unmarketable fish made their
first appearance earlier in the year, when tons of them had to be thrown overboard.

A slight decrease in the total of all sizes together is observed between 1904 and 1907.
The periods of maximum abundance appear to be in the summer (and probably at the
end of the winter) in the most northerly area J (the Mud Bank, &c.), in spring and
autumn on the Dogger Bank (0), and in June and December in area N. In the remain-
ing area the period is not definitely determined by these figures, but there are indications
.of a maximum some time in the autumn.

Northern Areas.

The catches from these three areas have been combined into the averages which are
shown smoothed in Fig. 88. They show that large numbers are present, for they are
nearly all over 3 cwt. per 10 hours fishing, and about one half of the averages are
over 6 cwt.

Early in the year there is an accumulation of /arge fish which are nearly all spawning,
and they generally reach their greatest numbers in February. They diminish again to
2 or 3 cwt. in the early part of the. summer, and rise to a maximum in September or
‘October of each year. Small fish generally form a considerably smaller proportion of
the total weight than the large, but towards the end of 1906 they are very numerous.
Their seasonal fluctuations are not very definite, but there is some evidence for the
existence of a late summer or autumn maximum.

* The average catches of haddock in April, 1895, were about double the amount in April, 1905.
See Cunningham’s Investigations. Loc. cit.
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FIg. 88 —HADDOCK. Northern areas combined. Monthly averages (smoothed curves). Con-
tinuous line represents all sizes combined ; dashed line, large fish ; dotted line, small.

Southern Areas.

Area S.—This is not a haddock area, for scarcely any fish are reported from this
region. It is too far south for the majority of haddocks, and it is only in the spring,
and perhaps in the winter, that the few recorded were taken. These were nearly all
small fish.

"In former years quantities of haddocks used to be landed by Lowestoft smacks from:
Smith’s Knoll. = Mr. Atkinson tells me, that as the result of persistent enquiry among the
fishermen, it was generally observed that the fish, which were all large, made their
appearance in August and September. They remained there up to Christmas, and then,
according to the fishermen, suddenly and rapidly disappeared. Mr. Atkinson states that
haddock are now but rarely seen on the Lowestoft market, but that in the autumn of
1905 he observed a few small haddocks packed in boxes with whitings from the Leman.
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Fic. 89—HADDOCK. Area T. Monthly averages, 1904-1907. Continuous line represents all
gizes combined ; dashed line, large fish ; dotted line, small.

Area T.—Haddocks are found throughout the year in this area, but in small
The maximum monthly catches of the year are 3 cwt. or less, and in 1905.
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Fi¢. 90.—HADDOCK. Area T. Monthly averages (smoothed curves). Continuous line-
represents all sizes combined ; dashed line, large fish ; dotted line, small.
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and 1906, when we have the most records, they consist mainly of small fish. The
seasonal fluctuations (Figs. 89 and 90) are very similar to those in area N, that is, there
are two annual maxima occurring in May to June, and November to December, respec-
tively. In the summer the catch is zero, or almost so.
About the 23rd September, 1905, some of the fish were observed to be full of herring
spawn.
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F16. 91.—HADDOCK. Area V. Monthly averages, 1904-1907. Continuous line represents
all sizes combined ; dashed line, large fish ; dotted line, small.
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Area V.—The average catch of haddocks from the Silver Pits compares favourably
with the other two southern areas. The maximum catches are between four and five cwts.
The hauls of October, 1905, which resulted in particularly large numbers, were all made
on the Spit of the Dogger, just over the line bordering the two areas V and O.

The three areas together show rather small quantities of haddock, the most notherly
one having the largest abundance. They are absent in the summer in S and T but
present, sometimes in their greatest numbers at this time, in V. There are two periods
of maximum abundance in T, at the end of spring and autumn, while those present in S
indicate the same conditions there. Small fish are mostly predominant.

Western Areas.

Area E.—Only six small haddock were recorded from the few hauls made in this
area, in 1906.
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F1a, 92.—HappOoCK. Area R. Monthly averages (smoothed curves). Continuous line
represents small fish.

Area R.—The haddock in these grounds, almost without exception, are recorded as
small. The curve is shown only for the averages from November, 1905, to August, 1906,
as the rest are notreliable. The highest value is in November (347 ewts.) ; it is followed
by a sharp drop to a zero minimum in February and March, after which the curve rises
to nearly three cwts. in the summer. During this time large quantities of unmarketable
haddock were caught in the trawl but not landed. This preponderance of small haddock
is probably somewhat exaggerated owing to the fact that 1906 is the year of “small
haddocks,” and the other years are not allowed sufficient weight in the averages.
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The fish caught about 16th November, 1905, when large hauls were taken, were full
of herring spawn, and it was noticed that the haddock had eaten only clean spawn.
Haddock were seldom taken on this ground after the 22nd November. On the 15th
December the skipper remarks on the unusual occurrence of a few haddock still feeding on
herring spawn, a “ very late date for them to be feeding on that kind of food.”

Area X.—The greatest catches appear to be made in the summer ; they generally
average then between two and three cwts., but on one occasion (August, 1904) the
maximum was 8:68 cwts. Large fish are most plentiful in 1904 ; small occur in increased
quantities at the end of 1905 and 1906, but the total quantities on the whole decrease
from 1904. _

Area P.—Both large and small haddock are present in fair numbers, especially in
July, when the most hauls were made. They then averaged between three and four cwts.,
large fish predominating slightly.

The western areas do not on the whole yield large quantities of haddock. The
largest catches (three to four cwts.) are made in the northern deepest part. In the most
southern area the catch consists entirely of small fish, and these form no inconsiderable
portion of the catch from the deeper water (Flamborough Off, &c.). The summer and
autumn catches are generally the highest, and there is a distinet minimum in February
and March. A good part of the catch is unmarketable, and the fishermen mention that
they throw away large numbers of small haddocks.

Spawning.
Table XX V.—Showing the number of hauls in each area in which maturing or
spawning HADDOCK are recorded.

| ! | [ | | |
e HiL|L|K| iM. N. 0.3.‘v
' R T
I

®
&
=

.

ol
Q
=

|
!
I

October... . 1901
November o B
December BN 5
January ... 1905
February i
March ... T W
April ... cee

=
[

£ -
WL |
Ed

* |
*|

L1
(Jessone g N Y
*

L1

|
|
|
|
|
|

ejmatitn
#To
2 (LR
Rl
i %
[
= BT

l
i

H_
#| |
b5 s Rl S e |

FE R

L F L

=1 1111

it ol
¥, ol
AP

e L2 B
e
|| || ]|
=
|mH

i

per <l
I L | e I I

T a0 bl k0 K

-
e
o=

(]
-
=
e

| wiesi= | | |

October... .. 1905
November oy
December e
January ... 1906
February .
March ... . T

=
-
== |

=h=':';<:;;: I

b=
s
oo
2o
ey
‘:D
2

Pt | | E

-
-

o s
B g
R
; gt
-
-
5

o
o FHE i [

L]

e
| |
|

NN
==l

| ] | ez
i

i Simsge
L1

l s

| = |

o

[
"} o]

f=tL L
CIEEEN

January ... 1907
February e
March ... W

o
4 o
|

<)
-t

!
|
|
|
I
|
!
\
\

I oo
E=t-

1]
1]
ol |
X
!

A CE BT
| ogfm tote
ol I
oy

\

|

!

|

|

i
— | — .

| - * b
* Maturing or spawning haddock are present in some hauls, the number of which is not specified.
The numerator of the fractions denotes the number of hauls when records of spawning fish were
made, and the denominator, which is given as a means of comparison, is the total number of hauls in

the area for each month, only those being included which are made by men who record any spawning
cod or haddock.

The observations made by the Grimsby skippers on the maturation and spawning of
the haddock are summarised in the table and in the following account :—

The first observations were made in the month of October, 1904, when in the central
grounds, Clay Deep, &c., “ a few haddock ” were recorded as spawning (probably maturing),
and this condition is continued throughout November and December on the Dogger, the
Dogger Bight, the eastern grounds H and M, while in Clay Deep they became numerous.
According to another fisherman, in November and December the haddock from areas N,
T, V and X are ¢ developing spawn.”

Throughout January and February, 1905, we notice that ‘‘ the roes of the haddock
are getting very ripe”—this applies to the northern and central areas. Numerous haddock
are found spawning at Horn Reef in January and still more in areas G, J, D, I, K and L,
north and east of the Dogger in January, February and March. They are present on the
Dogger and Dogger Bight, but never in such quantities as in the grounds north of the

Dogger and the eastern grounds, where the spawning fish are sometimes measured in
basketsful.
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The spawning of haddock is continued till the first week in April, 1905, the few
cases recorded at this time being found on the Dogger.

In the next season the observations begin in the same month, October. Here we
find “ spawn forming in the haddock ” in a few cases in the eastern areas (J, M and H)
and in the north eastern areas. In November, in these areas, together with the other
central areas I, N and O, the large haddock are very full of spawn. In December, in all
these groups of areas and in the western area X, we find spawning haddocks and fish which
are full of spawn. A skipper states in the first week in December that * the large
haddock caught on the Amrum Grounds are full of roes,” while later on, in the last week
of this month, he notices that the large haddock are beginning to get roes in them. In
this case he was working further offshore, in the neighbourhood of Clay Deeps—between
the 20-fathom line and the Dogger. According to Damas the individuals inhabiting the
regions near the coasts spawn sooner than those farther away.*

During January and February, 1906, the large haddock are reported as *full of
spawn " from most of the areas fished over during these months. The northern areas D,
K and L have very large numbers of spawning fish, several basketsful being often taken
in each haul. In the more southern areas N, T and V spawning fish are present, but they
are characterised as “few.” Large numbers are spawning in the first week in March in
area D, after which none were recorded.

In the next season there are no records till January, 1907 when a few haddock,
small and large, from area N were spawning ; these records from area N were continued
till the first week in February. They were also spawning on the Dogger in January; and
from January to about the middle of March in the grounds north of the Dogger.

It is seen that, while a few haddock are found spawning as early as December, the
majority are still unripe at this time. The ripe or “full” fish become much more
abundant in January, and they are constantly found spawning in this and the two
succeeding months, as well as in different stages of ripeness.

Spawning fish are taken over the greater part of this region, but those from the
Dogger and the ground south of it are few in number, compared with those from the
Horn Reef grounds, and from the areas north of the Dogger.

It seems that the haddock from this region when spawning, seek the central parts of
the North Sea where the depths are from 20 to 50 fathoms and congregate in especially
large numbers north of the Dogger, avoiding the shallower and more southerly grounds,

If we may judge from the presence of spawning haddock in the Horn Reef area, the
Mud Bank and the outside the Tail End of the Dogger, we may infer that they are also to
be found abundantly still further north, in the group of north-eastern areas, including
part of the little Fisher Bank from which we have, unfortunately, few observations in the
winter months.§

Summary.—Haddock.

The comparative distribution of the haddock according to the mean monthly catch in
this region is shown in Fig. 93.

a. Distribution.—Haddock are distributed in large quantities over this region. The
central grounds are abundantly supplied, and the general tendency is for the quantities to
increase as we proceed northwards. They have, however, a southern limit, for they are
seldom found south of Latitude 54° N. or in the shallow coastal grounds bordering on the
Dutch, German and English coasts. The greatest abundance was found in the group of
north-eastern areas, including parts of the Fisher Bank &c., while the Dogger Bank and
the Deep Water surrounding it on the north and east were also some of the best grounds
in this region (south of 57°N.). The mean monthly catch of these areas was about
6 cwts. per 10 hours fishing for the period 1904-07, while the maximum averages were
12 or 13 cwts. On the other hand we find mean values of only 1 to 2 cwts. on the
eastern grounds and in some of the western areas, while the most southern areas yield
only occasional fish and for the greater part of the year are absolutely without any
haddock.

It was found that small fish form about 30 per cent. of the total weight of fish
caught, but this percentage varies for the different regions, and even more for the
different years. It is in the western areas that we find the largest percentage of small—
on the eastern grounds there are very few. The small are actually the most numerous on
the northern and north-eastern grounds.

The abundance of small fish on the western side may be explained by reference to
Damas’ report on the distribution of eggs and larvae, where we find that the eggs,

* ¢f. DAMAS. Contribution & la Biologie des Gadides, p. 129. Committee A Report. Loc. cit.
t ¢f. Damas. Contribution a la Biologie des Gadides, p. 132. Loc. cit.
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spawned in the northerly regions, are carried by the surface currents while they are still
in their pelagic state. The current coming down the east coast of Scotland and N.E.
England would bring the larval forms to the neighbourhood of the western areas where
they develop into small fish. This fact would also account for the comparative scarcity
of small fish on the eastern side, for the water here comes in a current from the south
part of the North Sea, where no haddock eggs are spawned.
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F1a. 93.—Chart showing the distribution of HADDOCK according to the mean monthly average catch
in various areas and the periods of maximum abundance in the different regions.

b. Yearly Variations.—We have found for nearly all groups of areas considered a
fall in the average total catch throughout the period. The year 1906 is not always
significantly less or greater than 1904-5, but it is greater than 1907. The nature of the
variations 18 not the same for the two classes *‘large " and “ small.” The large fish fall
from 1904 to a minimum in 1906. After this there is, on the whole, a recovery in 1907,
but one that still keeps the amounts less than they were in 1904 and 1905. The small
fish, however, generally increase between 1904 and 1906 and diminish again in numbers
in 1907.

The change in the quantity of “small” is very marked—in nearly every case we
find but small quantities of small fish in 1904, while in 1905 the tiny haddocks, of course
unmarketable, were thrown overboard in enormous numbers. Toward the end of 1905
they became of a marketable size and helped to swell the amounts of marketable small
haddocks, which were so much in evidence at this time and during 1906. This condition,
viz., the great number of young haddocks spawned in 1904 and the absence of those
spawned two years earlier, has been already noted as remarkable by Helland Hansen.*
The Grimsby statistics are therefore strongly confirmatory.

e. Seasonal Fluctuations and Migrations.—The majority of the areas show at least
one definite period in the year when the stock of fish is considerably augmented : in some,
there are two such periods. On the whole, the fish are most abundant in the last four or
five months of the year, and this may be explained in two ways, both of which probably

* HELLAND HANSEN.—Statistical Research in the Biology of the Haddock and Cod in the North
Sea, p. 37. Committee A Report. Loc, cit.
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are responsible for the increase. In the first place, some of the small haddock, which were
of an unmarketable size earlier in the year, would in the autumn become just large enough
to be caught in the trawl® ; secondly, there is a seasonal migration probably between
the different areas, and also between this region as a whole and the grounds still further
north.

In the northern areas the first maximum occurs about February, and this is
undoubtedly a spawning migration, for nearly all the fish that cause the increase are
“large” fish and are spawning. It is probable that such is also the case in the north-
eastern areas, but the statistics are not complete enough to show it. On the Dogger
Bank and in some of the areas to the south and east, we find a spring immigration,
culminating in a maximum in May and June, indicating a southerly and coastal migration
after the spawning season. A definite offshore migration then takes place, the haddock
leaving the southern and south-eastern coastal grounds entirely for a few months in the
summer. The catches in the northern and north-eastern areas and the offshore area .J
are very large in the summer and at the beginning of autumn. An autumn and winter
increase is shown on the eastern grounds and southern grounds and it is only at this time of
the year (November to December) that these areas show any appreciable numbers of
haddocks.

The very large shoals of haddock, which appear on several grounds, such as the
Dogger Bank, in the autumn are undoubtedly caused by migration in search of food,
chiefly at this time, the spawn of the herring. Haddock have been found in the
neighbourhood of the herring shoals, with their stomachs absolutely tull of herring spawn.

d. Spawning.—Most of the large haddock and certain of the small were mature. The
first observations on their maturity were made in October, but actually spawning fish are
seldom seen before January ; after this both maturing and spawning haddocks were taken
in large numbers, and February and March seem to be the height of the season. The
latest records were made early in April.

The spawning fish were found in nearly all areas, but they seem to prefer the central
and northern parts, where the water is deeper, to the shallow grounds, and were found
there in much greater abundance than in the southern and inshore areas.

G.—WHITING.

Introduction.

The Grimsby fishermen record on their forms the amount of whiting taken in the
trawl, and these records have been averaged in the same way as the other species.
soon, however, becomes evident that the resulting figures have not got the same value
and importance for elucidating the distribution and fluctuations that the corresponding
figures for the other species have. In fact, there is evidence that the amounts are not
only roughly measured, but that they are inaccurately given so that there can be very few
deductions drawn from the resulting averages, since they cannot with any degree of
reliability be said to represent the stock of fish in the various areas. For one thing, it is
known that large numbers of whiting escape through the net.} Very often they are
recorded, merely as “ few fish” which may be a very varying quantity. Then again, the
fishermen often neglect to record them at all, when we know that they have been caught
from the records of the total quantities landed ; also, it is possible that many more fish
are caught than are sometimes recorded, for a good many are thrown away and only a few
of the best kept. This results in a remarkable sameness in the catches of whiting from
the different areas and a considerable irregularity in the seasonal fluctuations. There is
none of that great difference between east and west or north and south, that was so
marked in the case of plaice or haddock, nor are the regular inshore and offshore
movements that annually took place in the case of some species so clearly displayed by
these figures. All that can be done then is to give the figures for what they are worth,
and use great reserve in drawing conclusions from them, pointing out the facts they
indicate and leaving it to future and more exact investigations to corroborate them.

* The I Group reaches an average size of 225 cm. in October. (Helland Hansen, p. 27.) And
Mr. Todd’s results from the covered net experiments, show that all haddocks above this size are
retained in the nets, while a large percentage of those below it escape.

t Topp.—Covered Net Experiments. These show that the size of the largest fish escaping
considerably exceeds that for other species, and in all the hauls examined, nearly one-half the total
number of whiting passed through the net.
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Conversion of the different Measures into Weight.

Fish of all sizes are measured together. Mr. Olsen gives an average of 220 whiting
in a box of 95 lbs. weight, whence one whiting is equal to 0004 cwt, There are
120 fish to every basket, so that the ratio of the quantity in a basket to that in a box
is 055, The “ Huxley ” measurements give similar results. The weight of 24,490 fish
measured on board is 3836 kilos., whence 1 fish is equal to 0003 cwt., a result somewhat
lower than that given above, because many very small fish are included in the “ Huxley’s”
catches which would be unmarketable and therefore neglected on a steam trawler. The
weight of one basket deduced from that of 44 baskets on the “ Huxley” is 0'60 cwt.
From the same source we have the number of fish in one basket is 166, whence the
average weight of a fish is 0:004 cwt., the value adopted.

The ratio of a basket to a box, obtained from the skippers records, is given in the
following table :—

Tasre XXV giving the ratio between the total number of boxes of wriTING landed by
each skipper in each year, and the number of baskets in the hauls.

|
Skipper. 1904. 1905. 1906. 1907. | 1904-7.
|
i 77 78 68 - 74
i s 66 ek e 66
iii *59 49 *56 61 *53
iv e “74 ‘67 i 69
v *79 62 162 “57 69
Vi ... *69 ‘T4 66 71 71
vii ... 66 66 - < 66
vili ... “57 *52 — - 54
A 68 59 63 66 +63

In the case of whiting there is a serious objection to using the ratio 63 obtained in
this way, for there is reason to believe that it is somewhat unreliable as the figures on
which it is based are subject to such considerable error. In the first place the number of
baskets considered is much less than in the case of cod and haddock, in the second place,
the quantities caught and the amounts landed are not always the same thing. Whiting
are fish which readily decay, and being relatively unimportant are soon thrown away if
not in first class condition. Hence it happens that the amounts landed are sometimes not
strictly comparable with the amounts caught. Occasionally, note is made of the fact
that the whiting of a saleable size from the first few hauls of a voyage are thrown away.
This would result in reducing the real ratio of a basket to a box.

On the other hand, there is the real error, which occurs without doubt, namely, of
neglecting to record in the individual hauls the catches of whiting, while their presence
is known by the record in the summary. Of these errors we cannot gauge the extent,
and under such conditions it is better to adopt the value for a basket obtained from the
“ Huxley ” records, viz., 0°60 cwt.

Yearly Total and Average Quandtities.

Tasue XX VIL—Showing the Yearly Total Cateh of WHITING, in cwts., and the average
per 10 hours fishing.

Year. i Total Weight. Average,
1904 64794 0-64
1905 1049-85 0+55
1906 376-71 0:32
1907 274-98 0-33
1904-1907 2349-48 0-48
|

It is seen that the catch of whiting is very small, averaging about half a hundred-
weight per ten hours fishing. The 1904 average is the highest, and there is a decline
to an average one-half the amount for that year in 1906 and 1907. The monthly averages
when compared also show a decline on the whole, at least till 1906.

- T




" WHITING.

Distribution and Seasonal Fluctuations.
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T\BLE XXVIII —Showing for each Area the Monthly Average Catch of WairinG, in
cwts., per ten hours fishing..

.

Group, | Area.| Year. ‘ Jan ‘ Feb. Mar, | April.| May. | June, | July. | Aug. Sept. . Qct, | Nov. \ Dec.
| |
. - ; z | I
AT| o4 | . " .. " | 0002 |
1806 | .. i 00514 |
1006 S v
1907 .
1904-7 0054 | 0°00% i
1
B | 1904 0001 | 0+54% | 045117 05261 !
1905 0+40% | 0+36'* ok 0°52160 | 0+45% | 0-00* |
1906 e o o |
: 1907 0-321131 0-04% |
E 1904-7 04630 | 0*36'° 0°00!% | 0°53245 | 0-392:0| @-32107
o] ]
b e : e
g 1905 .| 04568 & 0+00% e 00008
] 1906 i e ok e
K| 1907 : e S
o 1904-7 o 0°56° 0-004 0004
E F 1904 A . 0:465 | 0-00% | 0-00% | O-50O6 e | 0°1484 [ (04120
N " 1905 0-02 . . 7| 0-120% | 1-2787 | 0-88109 | 0729 | 0-385 | 0-38°
1906 ‘ i 0-40%8 v T
1907 SRS R
1904-7 0-02!? 0°465 | 0°10%0 | 0-745! | 0-74174 | 0°72% | 0°167* ' 0-061%
G 1904 ¥ 0°10% | 0-093% | 0+76% | Q-84 | 0-00¢ | ...
1905 | 0-4715) 0-265 P T 0-004° PR i R
1906 | 0-512 | O-4078 . : ] e
1907 - s | RG]
1904-7 | 0°481* 0395 v 0+10% 0°08% | 0-76% | 0+31% | 0-301%¢ 0305
H 1904 TR s | 0c 40 0-0916 | 0-0015 | 0-2178 | 005385 0-0710
1905 | 0-16347 0008 | 0+0013 028170 0-001¢ 0-00% | 0-17563 005257 (-32%4
1906 0-0016
1907 s | 11710
1904-7 | 0°16347 0°00° | 0°00135 0°+322% 0-0016 | 0-091¢ | 0005 | Q17554 0~1671% 01525
M 1904 sou vee | 000276 | 0-25%2 | 0-00!11 | 0-0048 avi 10 20% | - ]]58
1905 | 0°01=8 0°00% | 0+03358 0-08510°| (- 64661 o wee © | 0°008 | O-6TI3| 0-20%84 (-2891
7 1906 vee | 0001287} 002423 | 0-00%31 | 0+00%6 [ 0-0076 0+00% | 0-0251 | 045202
§ 1907 e | 0700155 (°00442 [ (+(02338 [ (- Q050 s o b a0 [200007 | 0-F11
- 1904-7 | 0°0153 0°004 | 0°02500 g+04!751] 9-291707] 0-00%%0 | 0-0012¢ | 0+008! 0-2211 | 0-16402] g-34752
g
§_ Q. 1904 oo | 0°67F [ 0°4448 | 1-02117 | 1-2848 | O-10M5 | 0008
5 1905 1°513%2 0'6499°| 011140 | 0+2920 | 0-0073 | 00020 | 000 e F 07188 | D200
1906 0144 e | 0°1187 | 0-10206 | 0008 | 0-00% 0-00% e
1907 0:00!5 | 0*Q0M8 1-5957 | Q+7718 | 0-154 | 0-0047 ( 0-0113| 0-0Q1° | 0-0B* | 0°007
1904-7 0°0015 | 1702453 0-99156 0+423% | g-20%!+ | 0-47740 | 0°13456 | 0+04%69 | 0* 027! | 0-101° | 0-00Y
w 1904 0°:0781 | 0-75!2 . 0004 A =
1905 0+008 o ol - e e
1906 i : 0-0012 %
1907 00w
1904-7 0°00° 0°07! | 0-32% 0-00¢ 0°00!? .
J 1904 0-33° 0-727% | 0-70%05 s | 028877 ] 1235801
1905 | 0-97105 | 0-382 1-53% | 0-2178| 0-216¢| Q7388
1906 | 0°49% | 0-75% we 1 0257 0-369 | 0-838% [ 0-00%4 0-0130 (-0038
1907 0°0267 | Q-4]188 ove | UM00M0 e
1904-7 ' 0 37133 07530 0-0267 o-4168| 0-28106 0-52157 083390 0-05352' 0°14257) 107527
| ]
N 1904 | veo | 0°64% | 0-7840 | 1-95305 ) 1-30109 | ]-1898 | Q4114 1-45152 064136
% 1905 | 0°35% | 02340 | 1+485?| 06860 | 0-56% | 0-991%9 [ 1-2876 | 1-58%72 | Q-Q]2F4 ses | 047719 (egQae
g 1906 .0 41421 (07810 | 1-32%3 Q-6714| 0-22% | 0-118% | 0-5876 | 0-34197 | 0-3851 | 0-11108] (-(1%01 (-3674
a 1907 | 0-773% 0-27123 | 0-2075) 0-83132 0-9674 | 0-347! | 0-11118 ] 0-034: | 0+0523% [ 0229 01234 (-]12%
2 1904-7 | 056735 0-13475 | 0-88%63 0-77205| 0-56201 | 9-61333 | 1-17475 | 1-03623 | 0-226% | 035551 0-43956 0-6971°
|
ag 1 394° 1" e 0-83101 | 0-00'8 | 0-65%7 | 0-66%25 | 1-18%15 (71190 13359
53 1905 | 0-88% | 0-21V7 e 1-305 | 1-05'%1 | 1-03%3 | (-8565¢ e | OB71% (8847
= 1906 | 0-817 03674 0-3481 | 01311 (-0085
1907 ‘ ous 2 0-36160 | 0-5371 | Q-44%7 | .
[ 1904-7 | 0°+821%6 @-2117 ’ 0°99153 | 0-72%13 | 0+82%2 | Q721068 0'98"’“' 0°54421 1+10406
L0 1904 [ e J 0°1510 | 0-48100 | Q-60M9 | (-74254 | 08026 1‘333-'““‘| 0+68%75 06897
1905 | O-14100 Q-0456 | 0-31130 Q- 455“, 1-11%5| 0-521%1 | 1-08%35 | 1-279% 0-61327 0-57173| 0538
1906 05711 | 0-00° | 0-3314| 0-3010 0-43¢ | 0-3814 | 0-38¢*
[ 1907 ‘ 0 5% 0-19%0 0-806s
| 1904-7 | 0°15381 0-1367 0° 26230 o-“Gﬂ' 107415 | 0+50221 | 0+90404 | 0-89353 | Q=79220 | g+ 97891 0°66525 g-53E8
|
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| ] | \
Group. | Area..'i Year. ‘ Jan, Feb. Mar, April.1 May. ‘ June. | July. Aug, ‘ Sept. J Oct., | Nov. | Deec.
i
D 1904 o o ! we | 075637
1905 | 0-2561 | 1-007 | 0-99%47] 0-372¢ | ... o & = e | 0078
1906 | .. [0-21% | 0-17%7 0+48131 | 0-25%
1907 0-11%8
. 1904-7 \ 02561 | 092515 | 074932 0°37%4 0°48131 | Q25 vee | 0°B63T| 007850
§ K 1904 F we | 0°00¢ | 0-3138 0437 | 0-79%% | 0-62% | (357
< 1905 | 0+38°11 0-8629 | 0-18% | .., 0-00% | 0-4971 | 0-75¢
= 1906 | 0-8431 | 0-56% | 0-144 | .., w. | 0-2271
z 1907 | 0°115% | 0-08232 | 0-20%35( ., 04111 | 0-198
*.;, 1904-7 k 033297 0+24495 | 0°26%5 ... | 0°0¢¢ | 0°31% 0°2711 | 0°541% | 0-60!10| 0312
* L 1904 0-835%1 | 0500 | 0-4]5% | 0-47195 | (-7863 | (-358 i
1905 0+ 305 0-26625 0-24192 0-4211] 0-4690 0-217 0'4679 0-2518 0-6381 St . 0.621(‘.
1906 | 0-30132 0-1124 e | 0011199 | O-38108 | 0-4397 | (-50101 | -47308 | Q-4]186
1907 | .. we | 0°08%0[ . e 0T8I
1904-7 | o-se?lli 0-227}! 0-1325! o.mlll 016220 “-36[35 “-45152 g.“sus 0-45551 0.55212 0-358 0'6236
S 0 1904 0+40%16 | (0-00%45 | 0-0345¢ | 0-60100 | 1-25108 |
1905 e d e 4| 0°05617 | 0°1074 | 0°6345 | 0°384 | 0888 | 0-7813
1906 e | 07005 | 0-5892) 0-3322| 0+407 | 0°27% [ 0-0753 | 0°16106 | (-22220 | (- (356
1907 wee | 0028481 Q31848 | (0420 wee | 04716
1904-7 .o |[07005] | 05892 | 0+33%7 | 028165 | Q-34619 | 0+041315 0-081309| Q+37365 | 9+g1168 0-@1% | Q-78!3
§ T \ 1904 . e [ 001213 | 0-0424 | 2-4010 | 5-255 | 0-008 vee | 1:0772
2 | 1905 wwi, . | OFTBE | 0:2818 | 0:007 | 0+42100 | 0-47177 0+ 80%3| O-94310
[ 1906 vee | 17199 | 0-95%2 | 0-40112 0:40% | 0+3697 | 0-36181 | 0-30% | 0-52%9 | 0-352%| 0-71
E 1907 1°25% | 08425 | (-41143| 0-519 0°:90% | 1-15% | 0-5812 (-381¢
= | 1904~7 e | 1+19% | 0+955% | 062151 0°59746  Q-4476¢ | 0-45330 | 0+39177 | 0+49711 | 0+53156| 073604 g-pgis?
g [
@ v ! 1904 v | 128311 0-78% | 9.1115 ew | 1°118
v 1906 | .. vee « | 1-50% 1:89108 | 3-13% 2+68%
| 1906 | 2:94% | 0-674 | 0:5480 [ 0-10% 0°2512 | 2-09%8 | 1-08% | 1°00% | 0-4516 | 0-5212
| | 1907 0-33¢ 0-568% | 1-16% 2:01%4 | 0°64% | 1-1118
& | 1904-7 | 2-94%° [ 0+67% | 0°77195 0-10% | 0-33¢ | 0-38% | 1+55347 | 1-25164 | 1-2507 | 1-96133 0+745% | 1-1148
| | ]
E | 1904 D
1905 e | e .
1906 | 0-005 0007 | ... 05218 | 0-52U
1907 O e o
1904-7 | 0-00° 0°007 | .., 0°5215 | 05211
R 1904 il | s we | 0°50° [ 0-83¢
‘ - | 1905 . 0-00M4 v | 102576 . 0+5218 .o | 0+88165) (-gg22
1906 | 0-01139 0-00%6 | (-04%50] (-14266 (+40176 | (+75238 | 0-89%22 | 0983 | 0-407 | 0-21M4
g 1907 | oo | e we | 07608 | 0°45% | 0-88% | 0-754 | ..,
- 1904-7 0-01189 0+00236 | 0-03%04 Q~15272| Q-g4270 0.71!70 0-33926 0-93113 0-4325 o-glu 086177 0-91216
=]
] X 1904 ssii. | © A 039109 | 1-9360 | 1-03%0 v | 1-2133 ) 03417
% 1905 | 0-13% | 0-503. | 0-28%8 | (-3812 I . 04431 | 0-57107) 0+1015 | O-384
= 1906 oo | 0°179 | 0-23650| 0:0777 | 0°205 | 0-44156 | (83112 | 0+ 479 | 0+6184 | 0°88% | 0-3816
1907 v | 0°38%2 | 0-38% | 0-53% 049153 (0-43% | 0-43%
1904-7 [0-13]4. [0-25]12 0°25113 0 1159 | 0+20104 | Q44161 | 0-41317 1405153 | 0-67125 | 0°51810| Q-§592 | 0-3856
P 1904 v 0702183 0758
1905 - 1-0318 ¥e
1906 0:00% | 0-00* 0-38M 5
1907
1904-7 0-00% | 0-00% 0+73%29 04752
| |

Table XXVIII. gives the monthly averages of the recorded catches of whiting, but
we know from the reasons given above, that they cannot be very exact. The curves
drawn from these figures are of a very irregularly fluctuating character, and very few
are reproduced in the text. The chief facts indicated by the figures for the groups of
areas are as folows. ,

North FEastern Areas.—These have general monthly averages which vary between
0:0 and 0-76 cwt., with a mean value of about 0'3 cwt. There is probably a summer
and early autumn maximum in Area F.

Lastern Areas.-—The amounts in the Horn Reef, Sylt and Amrum grounds are very
small, smaller than in any other areas, the averages very often being zero, and having
mean monthly values of about 0°1 cwt. for both H and M. Maximum values occur about
June and December.. (See Fig. 94).

Cwls.
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Fra. 94, —WHITING., Area M. Monthly averages, 1904-1907,
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In Area Q, much larger numbers were taken. They averaged 1°51 e¢wt. in March,
1905, and amongst them were many ‘ full of roes.” In 1904 they were comparatively
abundant in the summer ; in the other years there was a spring maximum, and no fish
at all in the summer.

The Central Areasshow somewhat larger averages, the mean values varying between
05 cwt. in area J and 0'8 cwt. in area I. Areas N and O both have mean values of
0'6 cwt. and the maximum monthly value is about 1°1 ewt. in all.

There is some evidence for a summer maximum in area J, about August and September,
but on the whole the seasonal fluctuations are not very constant in their occurrence. This
is clearly shown in the curves representing the fluctuations in area N (Figs. 95 and 96).

Cwis.

o <

TN
TN
L 7

OJan, Mar  May ‘Julg lSep. Nov. Jan

i

Fic. 95. WHITING. Area N. Monthly averages, 1904-1907.
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F1G. 96. WHITING. Area N. Monthly averages (smoothed curves).

In Fig. 96 there is a big summer maximum in 1904 and 1905, a very small one in
1906, and a minimum at that time in 1907. Apparently there is also a second maximum
in the early spring. Although the seasonal fluctuations are not well brought out, the
curve shows plainly the big continuous drop in the catches between 1904 and 1907.
This decline is also shown in a greater or less degree in the other areas.

In October, 1904, there were large numbers of whiting congregated on the Dogger
Bank and south-east of it, and from other sources we learn that they were feeding on the
herring spawn.* In the spring and summer of 1905 large quantities of tiny unmarket-
able whiting were present on the Dogger Bank.

The Northern Areas.—In area D we have a maximum in February and March,
amounting to 1 cwt. in 1905, and this occurs at the spawning season. In the following
year the averages are much lower. In K and L the mean monthly average is between
03 ewt. and 04 cwt., and at their best these areas seldom exceed a yield of 0°6 cwt
or 0'7 cwt. -

* Huxley Records. Voyage 41. Station 19.
15360 0
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The Southern Areas.—The curves for area S (Fig. 97) and area T (Fig. 98) give
definite indications of a summer minimum and an autumn or winter maximum,

Cwis.
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Y1, 97.—WHITING. Area 8. Monthly averages, 1904-1907.
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Fia. 98.—WHITING. Area T. Monthly averages, 1904-1907.

We see from the curves that the quantities are greatest in area T, where the mean
value is 0°66 cwt. and maximum 1-2 ewt., as compared with a mean value of 0'4 ewt. and
a maximum of 0'8 cwt, in area S.

The Silver Pits (area V) seem to yield larger amounts than the other areas, for the
mean value is over 1 cwt. and the maximum is 2:94 cwt.

From June to September, 1904, there were plenty of unmarketable tiny whitings on
these grounds.

The Western Areas do not differ appreciably from most of the others. From 0°4 to
0-5 cwt. is the average catch in R and X. 1In R there is a zero minimum from January
to March, and the catches gradually increase through the spring and summer to a
maximum of about 0°98 cwt.

In the whole region we find the mean values ranging from 01 cwt. to 1'0 cwt., and
being most often from 03 to 05 ewt., so that the yield does not vary very much in the
different parts of the region, according to these figures, which however cannot he taken to
represent the actual population at all closely.

Spawning.

The spawning records of the whiting are by no means satisfactory, and the table
appended, Table XXIX., can hardly be considered to give a very true picture of the
distribution and comparative abundance of the spawning members of this species. We
suffer from a great lack of observation, especially at the end of the spawning season,
which, in the case of whiting, is somewhat prolonged. There is reason for this failure
on the part of the skippers to note carefully the occurrences of spawning fish. On the
one hand, the whiting are not taken in anything like the numbers which are obtained for
cod and haddock so the spawning individuals are more likely to be overlooked. As a
species, they are not so valuable as some of the other food fishes, and much less attention
is paid to them, so that, not only are the spawning fish not always recorded, but the fish
themselves are often omitted in the records. Furthermore, since the fish are so easily
perishable, it often happens that only a small part of the catch is retained for market, the
remainder being shovelled overboard perhaps before their maturity has been noticed.
Algo it is quite possible that many of the fish, even of the larger mature sizes, escape
through the net.
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TasLe XXIX.—Showing the number of hauls in each area in which maturing or
spawning WHITING are recorded.

| { ‘ ‘
Areas. ‘ D. ‘ F.|G.[H.|L |J|K ! L. TM. |[N.| 0. | Q [ R I S TN (X
Rl & i J | |
! :
November 1904 | — ) — === === || — =2 "3
December... ., |— —|—| % |3}|—|—|— | | — (W= === =]|=
January ... 05| — — | 3 | 3| 2| £ |38 ’ == &= === ==
February ... , |3 —|—|—|—|—|8#|# | —|— || = |—|—|—|—|—
March .. , |[&|—|—|—|—|—|—|8|——|8|"|—|—|—| 8 |&
April . —_— === === ¢ | = == | == ]| == 2
May o o, |—|—|—|—|—|—|— == —{i—|— ===~
June i 2 et e kRl R €t Bl Rand By Bl=f == ===
B | 1 = —l—l=la] — | =]
December... ” '}‘:: % T 1]$ 11% el ; | — ! % '191'”9 e e T E z;
January ... 1906 —J — % J — =]t 18— === == ===
February ... , (| —|#|—|—|—|§|H|(—|1 |8 |—|—|=[8|1|=
e e e i e St e e
January ... 1907 1 e e e B B I B - A B e 2 P
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* indicates the presence of maturing or spawning whiting in haunls, the number of which is not

specified.
The numerator of the fractions gives the number of hauls in which spawning whiting occur, and
the denominator is the total number of hauls made by the men who record spawning whiting.

The earliest records occur in November (1904) when a few “ spawning ” whiting are
found on the Dogger Bank and the area south-west of it. But these, and the records of
“ gspawning ” fish in December in these and other areas, are given by only one man, while
the other skippers fishing in the same areas, either fail to notice them altogether, or
describe them only as “ developing spawn.” It is probable then that this man also means
“ maturing ” rather than ‘spawning.” .

Spawning whiting are noticed in January, February and March of 1905 by one or
two skippers in all the areas they fished in. These were mainly the northern areas, the
Dogger Bank and Horn Reef, and in March in the Silver Pits and Flamborough Off
grounds. In nearly all these cases with the exception of those in area D, the spawning
fish are described as “few.” Fish in area Q, which are fairly numerous, were recorded as
“full of roes ” in March.

Throughout April, May and June, a skipper, fishing on the Dogger Bank, records a
few “small ” whiting spawning in nearly every haul (some are “large’’), and the records
cease at the end of June.

In the next season, whiting ‘ with spawn ” were taken on the eastern areas as early
as November (1905). In December the same skipper describes them as ‘ spawn forming ”
in the northern, north-eastern and central areas and in area X. A few whiting on the
Dogger were “ spawning” according to two other skippers. In January they were
either “ spawning” or “ with spawn in.,” In February and March, most of the whiting
from the central, southern and western areas were spawning. Those from areas N and Q
were “all very full of spawn and very ripe ” from the first to the third week in March.

The spawning of the whiting during the next season (1906-1907) is still more
incompletely recorded, a few isolated cases in January and February being the only ones

iven.
§ These scanty observations cannot yield many definite results of themselves, but if
we compare them with the facts obtained from other sources, we find in them a
corroborative value.

It is evident that the spawning begins in January or, at the earliest, in December
and continues steadily till March and April, while some are still spawning in June.

Moreover, they are found spawning in all the areas of this region, and, unlike
haddock, even in the more shallow southern areas Q and R and S in appreciable
guantities.

; Summary.— Whiting.

Whiting are found to be very generally distributed over the whole of the central
part of the North Sea. The quantities taken are small, being generaily under one cwt.
per ten hours fishing, They are fairly evenly distributed, although perhaps the central
and southern grounds show a slightly greater yield than the northern and eastern.
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There is a decline in the average catch between 1904 and 1906, 1907 remaining
about the same as 1906.

The seasonal fluctuations are not very regularly marked.

The southern areas and some of the eastern grounds have a summer minimum and
an autumn or winter maximum. An annual migration to the coastal grounds takes place
in the autumn and winter.

- IIL—.GENERAL SUMMARY.

In the preceding report, I have discussed in detail the distribution and fluctuations
of seven of the most important food fishes found in the North Sea, in so far as these are
indicated by the records of the vessels examined. These include plaice, soles, turbot, and
brill among flat fishes, and cod, haddock and whiting among round fishes. In this
summary I propose to compare these species among themselves and to set down shortly
and on very general lines the phenomena observed. :

a. Distribution.—With regard to the distribution, a glance at the charts showing the
mean monthly averages for each species is sufficient to make evident the complementary
nature of the abundance of the round fish and the flat fish within this region.

Whereas cod and haddock show a northerly distribution with ever increasing
quantities towards the north and almost total absence in the southern region, more
especially of haddock, the reverse is the case in regard to flat fish. Here we find that
plaice are very scarce in the northern and western regions while soles are almost limited
to the part south of a line drawn south of the Dogger Bank from Horn Reef North.

All the flat fish show their greatest abundance in the coastal grounds and are
especially numerous in Sylt, Amrum and Terschelling grounds. Turbot and brill show
much the same distribution, viz., their greatest abundance in the eastern and south-eastern
grounds and a rapid diminution in the numbers as we proceed off-shore in a north-
westerly direction.

The grounds off the English coasts are not investigated thoroughly by these records,
but there are indications that the catches of flat fishes (with the exception of soles) are
never so large as on the eastern side of the North Sea. This great density of flat fishes
is made up largely by the small and very small fish of the species. On the other hand,
cod and haddock, which are far from being numerous south of Horn Reef North and are
found but rarely along the German coasts, show a preponderating amount of large fish in
these grounds. It is on the western side that the small fish are relatively numerous for
these two species. “ Small” fish form 605 per cent. of the total catch of plaice (weight),
and with “medium ” 905 per cent. for plaice and 82 per cent. of the soles (by number).
Of the turbot, *“ small ” are 68 per cent. by number, and of cod they are 43 per cent.,
and of haddock, 295 per cent. by weight.

This difference in distribution can be understood when we consider the relation of
this region to the spawning places. The main spawning region for soles is along these
same German and Danish coastal grounds while plaice spawn to some extent further off
in the deeper water and in a far greater degree yet further south in the Flemish Bight.
The pelagic eggs of these species which are carried by the surface currents in an easterly
direction must of necessity develop in the shallow waters off the continental coasts.
There are spawning places for soles on the English coasts and there the young fish are
also abundant. Cod also spawn in the southern part of the North Sea, but not to nearly
such a great extent as in the grounds north of the Dogger, while spawning haddock are
very rarely found in the southern region, so that there are naturally no eggs of this
species to be carried by the current which runs north and east along the European coast.
Although cod and haddock have been found spawning in most of the areas investigated,
it is shown that the greatest number of spawning individuals are found in the northerly
regions, and it is a probable conclusion that great numbers of the eggs are carried
southwards by the surface currents coming from the north down the east coast of Britain,
and ultimately develop into the * small fish”’ found on the western grounds.

Although the same general distribution has been observed for most of the flat fishes
examined, yet we find a few differences that are worthy of mention. The chief is that
the rate of diminution in the amounts of plaice and soles in the successive areas from
the coasts offshore, is very great, while the rate for turbot and brill is much less rapid, not
only because the initial greatest density is not so great, but also for the reason that they
are more scatteved over the whole area. In comparing turbot and soles, it is found that the
latter species is about five times as numerous as turbot in the grounds of their greatest
density, while the maximum is about ten times as great. When we reach the grounds
just south-east of the Dogger Bank we find them about equally numerous, and in the
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grounds still further offshore, the turbot occur more frequently than soles. Turbot are
very scarce on the western side of the sea ; brill and soles are very numerous there in
<comparison.

The distribution of these species must also be much influenced by the nature of the
bottom, We find cod in rough ground where plaice are scarce, and plaice seem to avoid
the somewhat muddy grounds of areas J and N in some parts of which soles and turbot
are comparatively plentiful. But this is as yet an unproved hypothesis, and it is difficult
to separate the influences of depth, nature of the bottom, latitude, and spawning places,
in the resultant distribution.

b. Yearly Fluctuations.—Although it has not been possible to determine a definite

general measure of the yearly fluctuations of all these species, yet the data have been
sufficient to indicate, in the case of some of them, that a falling off in the amount of the
average catch is taking place, and though this is not of a very great extent during the
four years investigated, it is seen to be far more important when we compare with the
amount taken ten or twelve years before. Another interesting comparison is furnished by
the records kept by the skippers of certain sailing trawlers from Grimsby in the year 1879.%
In that year there were very large numbers of large plaice and haddock on the Dogger
Bank. From 50 to 200 baskets of these fishf was a very common result of one haul of
9, 10, or 12 hours, with from four to six score cod as well and smaller numbers of the
other species. In May the average was about 26 baskets per haul, in June 16 baskets, in
July 15, in September 43, and in October about 78. In that month some of the hauls
consisted of from 100 to 200 baskets of large plaice and haddock. Several turbot
occurred in each haul in some months, whereas now they are only very occasionally taken
in the hauls. In February, 1880, one skipper took from 4 to 18 baskets of plaice in each
of a number of hauls on the Great Fisher Bank as well as from 10 to 62 baskets of
haddock. Seeing that such enormous catches were made by an old type smack of the
kind in use in 1880, and knowing that now the Dogger Bank only yields a mean of about
7 ewt. of haddock and less than 1 cwt. of plaice per 10 hours fishing, while the maximum
average for the four years 1904-07 is only 13 ewt. for haddock and 1'9 cwt. for plaice,
even when fished by the vastly more effective otter trawl of a modern steam trawler,
estimated by Dr. Garstang} as about eight times as powerful as a smack, we cannot but
realisedhow very great must have been the diminution of the stock of fish on these
grounds. .
°  Evidence of such distinet changes in the state of the fisheries in the course of the years
is constantly accumulating. [t is only necessary to mention the former well-known
quantities of soles in the Silver Pits, the presence of large plaice on the Horn Reef, of
haddock in the Haddock Bank and Leman and Smith’s Knoll region, and of turbot in the
western grounds, to illustrate clearly the very changed conditions of the present day.

The question of yearly decline within the four years investigated by the Grimsby
Records is complicated by the fact that the yearly fluctuations in some areas are in a
way complementary to one another, as was shown in the case of plaice when the
inshore eastern grounds showed minimum quantities in 1906 at the same time as the
“ northern areas” yielded an unusually large amount ; and also in the case of soles for
the same year. Such variations as these would not improbably be due to the unusual
conditions of temperature or salinity —perhaps to both.

In the case of plaice, we found on the whole, a downward trend from 1904 to 1907,
the fall being greatest between 1905 and 1906 ; in some cases there was a slight recovery
between 1904 and 1905, and between 1906 and 1907.

Soles, on the other hand, evinced no decline in this period, but there is a very marked
fall in the number of turbot.§ .

Brill, on the whole, increased in numbers in 1906 and 1907 as compared with the two
former years. Cod and codling generally decreased. Haddock also decreased in the
average total catch, but were marked by great variation in the abundance of small fish.
1906 was a year when they formed a very large proportion of the total. Whiting were
most abundant in 1904 and decreased continuously till 1906 to about one-half the amount
in 1904.

¢. Seasonal Fluctuations and Migrations.—With the exception of whiting and brill,
all these species show well marked seasonal fluctuations, giving one or two annual

* lssued by Mr. Buckland. Report on Sea Fisheries of England and Wales. London, 1879, p. 225.

T The species are not separated in the records.

1 GARSTANG. Impoverishient of the Sea. Journ. Mar. Biol. Ass., 1901. Vol. VL, p. 46,

§ NoTE.—The percentages of recaptures of marked turbot are considerably higher thau for plaice.
‘They are thus much more liable to capture, and this fact would probably bring about a rapid decrease
in the supply.
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maximum periods in each area, and from these we have been able to deduce some
hypotheses regarding the annual migrations. For the spring and summer spawners,
turbot, soles and brill, there is an inshore migration at the time of the spawning season,
all sizes of fish partaking of it. The accumulation of fish on the coastal grounds
(8-20 fathoms) is continued throughout the summer, but only with respect to the smaller
sizes—the larger ones leaving the shallow waters soon after they have spawned. In the
winter these species are not found in any quantities on the inshore grounds, but are
dispersed over the offshore’areas. The soles especially congregated in deep holes.

For plaice there is a spring and autumn maximum on some of the eastern grounds,
the summer minimum being caused by an offshore migration at this time. The increased
catches in the central, southern and northern aveas in the summer prove that they have
moved offshore. The large fish accumulate on the spawning grounds at the beginning of
the year, while the small fish manage to escape capture owing to their winter rest.

The other winter spawners, cod and haddock, have a spawning migration, shown in
the accumulation of large fish about February in the northern grounds. The intermediate
areas show a spring maximum, and there are again numbers of fish on some of the offshore
and northern grounds in the summer. These are often found in large shoals, many of which
have been found to accompany the herring shoals. During this time they avoid the
coastal and southern areas and only approach them in the autumn and early winter.
Whiting also show a tendency to accumulate in the autumn and winter in the southern
and coastal grounds.

We see then, that in some of the areas at least, there are distinet complementary
fluctuations between the round and the flatfish. Such areas as S, T and some of the
eastern grounds, have an abundance of flat fish, plaice, soles and turbot in the summer
months, attaining a maximum between May and October, during which months, cod,
haddock and whiting are particularly scarce, and which only appear in considerable numbers
from November to February or March.
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APPENDIX I

THE RELATION OF VARIOUS STATISTICAL UNITS OF FISHING.
(@) For STEAM TRAWLERS.

Attention has several times been drawn to the necessity of finding equivalents for the conversion
of data resulting from the use of various methods of determining the quantitative distribution of fish.
The varying methods arise from the use of different standards to represent the amount of fishing. For
instance, various groups of fishery statistics give the average catch per month (D’Arcy Thompson,
Granton and Montrose Trawling Statistics); per voyage (Fulton) ; per day’s abseuce (The Board of
Agriculture and Figheries) ; per 100 hours’ fishing for each month (Fulton) ; per one hour’s fishing
(Redeke). What we need is a set of factors to connect these various methods, in order that, if
necessary, the figures may be compared or combined. The Grimsby Trawler Records supply
sufficiently detailed information to enable us to determine these factors to some extent. We are
justified, I think, in taking the voyages of these special Grimsby skippers as a fair representation
of the actual kind of voyages made by the fishing industry from this most important of our east coast
fishing ports.

The region to which the factors will apply is, of course, that shown on the chart, i.e., the North
Sea from the English to the continental coasts, southwards to the Brown Ridges and northwards to
Fisher Bank. The fishing is distributed all over this area, and we have samples of both long and
short voyages from Grimeby.

As has already been found,* the average duration of a voyage bears a distinct relation to the
distance from Grimsby of the fishing grounds visited. But before going into this question in detail,
I give some figures for the central part of the North Sea as a whole.

The total number of voyages considered is 431, made by a number of men varying from nine in
1905 to three in 1907 over the period 1904 to 1907. It is found that when fishing very regularly
the men can make about three voyages in a month, The greatest numbers of voyages made by one man
in a year is 34, Baut as it generally happens that there are several breaks in the course of the fishing
and omissions of records for two or three weeks in some of the months, the average number of trips
per month is only two and a half.

The dates of departure and return are given for each voyage. From these we obtain directly,
the number of days absence which is 3,551 for the period. This gives an average number of 8:2 days
per voyage. The number of days in a voyage varies between 3 and 14, but the modal value is 8 or 9,
while half the voyages last between 7 and 10 days.

In the records several hauls have been omitted, firstly, because there was no room for them in the
books when they had been filled up, and secondly, because several of the hauls were ineffective
through the trawl being torn or fouled in some way. In these foul hauls the result was sometimes,
though not always, a total absence of fish. The guantities taken would at any rate be much
diminished, and these haunls were omitted in my tabulations. The number of hours fishing equivalent
to these omitted hauls has been estimated and added to the totals already determined.

For the purpose of comparing the average duration and amount of fishing of voyages made to
near and distant grounds, the voyages were grouped according to the distance from the Spurn Light.
‘The sea was divided into four zones or belts, the outer boundaries of which were distant 70, 140,
215 miles from Spurn, the last being any ground fished by these men, more than 215 miles distant.
Each voyage was allotted to its proper zone, that being in each case the most distant one visited.
Zone I roughly includes the areas E, R, X, P and V; Zone 11, the areas 8, T, 0 and L ; Zone III, the
areas W, Q, N, 1, K and D, and Zone IV, the areas M, H, J, G, C, B and A,

The total number of hours fishing corresponding to the 13,246 recorded hauls is 49,024%,
resulting in an average duration of 3:70 hours per haul. But it was found that the duration for each
man separately ranged closely round the average 37853 hours, with one exception. The average of
this man is much lower, 2'578 hours, and as his voyages are made to the near grounds (Zone I), due
allowance has had to be made for these different rates. The higher figure, 3:7853 hours, has been
used to obtain the equivalent amount of fishing in all zones, except where the hauls of the above
fisherman were concerned, when his average 2:578 hours was employed. These estimated numbers
-of hours fishing are given in the table with the other totals.

“TABLE XXX, —Showing the total number of voyages, days absence and hauls, together with the
estimated number of hours fishing, in different zones of fishing, made by the Grimsby fishermen,
from whom records were obtained during 1904-1907.

Estimated number of
Total number of hours fishing.
Zone. i | l
: Days Hauls | Hauls Foul | Foul hauls | Foul hauls
| Voyages. | gheent. | given. | omitted. | hauls, | ALBAUIS | Tingladed. | excluded,
e Loal ' |

Ty 44 216 1,103 b1 83 ‘ 1,237 3,649 { 3,406
FRSEST o 106 794 3,174 88 217 | 8479 13,054 | 12240
1. 125 1,049 3,923 213 155 \ 4,291 16,243 15,656
15 4 vas 156 1,492 5,046 142 335 ‘! 5,623 20,906 19,638
All regions ... 131 3,551 13,246 494 790 E 14,530 53,849 ‘ 50,940

* Board of Agriculture and Fisheries. Annual Report, 1906, p. xxxii,
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TABLE XXXI.—Showing the average relations between numbers of voyages, hours fishing and hauls:

l

1 2 | 3 4 5 6 T 8 9 10
Hours fishing per Percentage | Hours fishing per day.
| eS| Pommminge | mumbecet B ——
T Days per Hauls per of foul fo tokal nnnE | Hauls per
e voyage.  VOYAZe. | 41 pavte |Foul haals| PRUIStO [ L O ours « 98¥. | All hauls | Foul hauls
nolided. exaludad: total hauls. | "5 = oyage. r included. | excluded.
.. 49 281 8288 | 7742 | &7 | 7045 573 | 15-88 1577
75 32°8 123-15 11547 62 685 4:38 | 16-44 15-42
IIL . 8-4 343 129-94 125-25 36 645 4-09 15-48 14+92
IV s 96 354 134-07 125-88 61 584 i 3-70 i 14-01 13:16
All regions... 8-2 837 124-94 118°19 5-4 63-2 I 4-09 | 15°16 14-35

The average relations deduced from Table XXX are given in Tabhle XXXI. Columns 2, 3 and 4
show that the duration of the trip and the amount of fishing increase with the distance from Grimsby.
On the average a voyage lasts §-2 days, during which the trawl is shot 33'7 times and fishing lasts
124:94 hours. 54 per cent. of this fishing is more or less ineffective, owing to the trawl being
damaged in some way, so that, excluding these foul hauls, we have on the average 118-19 hours fishing
in a voyage, 60 per cent, of the total time spent on it. Column 7 shows the proportion of the voyage
which is spent on fishing. It decreases considerably with the distance from Grimsby. Columns 8, %
and 10 show the same facts in another form relating to the amount of fishing per day. This naturally
decreases when the voyage is longer and more time is spent on travelling to and from the distant
fishing grounds. About 4 hauls a day and 15 hours fishing is the average amount attained.

The reciprocals of the factors give the following equivalents :—
100 hours fishing, when foul hauls are included = ‘80 of a voyage.

Do. do. do. = 6'6 days absence.
Do. do. do. = 27 hauls.
and when the foul hauls are omitted, 100 hours fishing = '85 of a voyage.
Do. do. do. = 69 days absence.

The factora for 10 hours’ and one hour’s fishing are easily deduced from these.

To convert cwts. per 10 hour’s fishing to kilos. per one hours’ fishing it is sufficient to multiply by
five, or more exactly by 508. Conversely, to convert kilos, per one hour’s fishing to cwts. per 10 hours”
fishing, one can multiply by two and move the decimal one place to the left,

e.g. 6 ewts. per 10 hours is equivalent to 30 kilos. per one hour,
and 15 kilos. per one hour ig equivalent to 3-0 cwts. per 10 hours.

(0.) For SAILING TRAWLERS.

Similar figures to the above for steam trawlers are necessary for application to sailing trawler-
statistics. These have been compiled in a similar manner and can be used, when necessary, to convert

any average amount of fish taken in a given unit of time, say a month, day’s absence, haul or hour, to
any other unit.

The material from which these factors have been derived is taken from the Lowestoft Trawler
Record Books kept by three skippers in the period April, 1904, to December, 1906.* Their records in

the year prior to April, 1904, were not of any value for this analysis, as these earlier books did not
contain any information as to the dates of departure and arrival for each voyage.

Such figures as we have obtained will be applicable to statistics of fish landed by smacks at
Lowestoft from voyages made, as these were, within a distance of 80 miles or so from Lowestoft.

A total of 306 voyages made by three fishermen was considered. These men make about three
voyages a month each, each lasting approximately one week, the books containing records of about
15 hauls, except when unfavourable weather or accidents occurred.

There is some diversity among these men as to the duration of the hanls. Especially in the early
years of the period we find one skipper who makes hauls of 9, 10 or 12 hours’ duration, averaging over
eight hours in some years. The general practice was to make hauls lasting about six hoars, the
duration of the tide, and the other men average between five and six hours.

Later records of the same and other fishermen, give one the impression that this same man still
makeg fewer hauls in hig voyages, each haul being of a longer duration. Others again make very short
hauls and can record from 17 to 19 hauls in a week. 'fhere seems to be this distinct tendency at the
present time to make hauls of a shorter duration, and counteracting this by taking more of them, so
that the total amount of fishing, represented by the number of hours the trawl is down, remains nearly
the sgame. The duration of a voyage is algo fairly constant for these smacks.

The total number of hauls in the record books, including some whose details had not been given, .
wag 3,874, and of these 180,0r 4°6 per cent, were “foul” or had the trawl torn or destroyed.t Thege
latter ones had been omitted in calculating the totals and averages given in the Report.

Table L., p. 93, gives the average duration of each man’s hauls for each year. These were applied
to the hauls included in thig section, both ordinary and foul hauls and the total number of hours’
fishing thereby estimated as 25,506, and excluding all * foul ” hauls the total is 24,274,

* LEE.—Report on Lowestoft Sailing Trawler Records. 1903-1906,
1 See p. 92. Loe. cit.
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Those numbers suffice to determine the necessary factors, which are given as follows :—

For the Lowestoft Smacks fishing within a radius of 80 miles from port.
Average number of :

1. Voyages per month ... 2012
2. Days per voyage - 7:10
3. Hauls per voyage e P
4. Percentage of foul hanls to total hauls 4-65
5. Hours fishing per voyage, all hauls included B e
6. Hours fishing per voyage, fouls hauls excluded ... o
7. Percentage numbel of hours fishing to total number of homs in vcn age Amas 0
8. Hauls per day ... . 1-78
9. Hours fishing per day.. AR D ke
10. Hours ﬁshmu per day, excludmo' foul hauls Pt 1 o by
11. Hours per haul . i 658
12. Number of 6-hour haulg in a vm age, foul hauls excluded e - Ao
13. Number of 6-hour hauls in one (la\ 8 absence 1-96
14. Ditto. with foul hauls excluled 5 e 1-86

We see from this that not quite one-half of the time spent on the voyage is devoted to the actual
fishing. The hauls are just over six hours in length and about two are obtained per day. The actual
ratio is 1-78 through the diminution caused by the time taken in sailing to and from the fishing
grounds and in spells of calm when they find it impossible to trawl successfully. In the best times
the men can make about 15 6-hour hauls in the week’s vovage, that is about three a day, from the
time they begin fishing after reaching the ground till the time they leave off to return to port. Thoge
who make shorter hauls can get in even more than this.

The number of hours fishing per day’s absence ig nearly 12 hours, and neglecting the time spent
on foul or inefficient hauls, this is just over 11 hours.

One six-hour hanl, as used in the Lowestoft Records Report, is equivalent to * 54 of the fishing in a
day’s absence from port and conversely one day’s absence includes 186 of these six-hour hauls.

The value of such figures as these lies in the great opportunity they afford for the direct comparison
of fishery statistics accumulated by different methods at the present time, and with isolated records of
catches many vears ago. For instance, the catch per day’s absence by sailing trawlers in area B, (of
the Board of Agricnliure and Fisheries chart) for the year 1906 is given in their report (1906, p. 1x1x)
as 1-79 cwis. To reduce this to the rate of catching per six-hour. “haul we multlplv by *54 obtaining

-97 ewt. as the result. This is very comparable with the average catch per gix hours’ fishing obtained
from the Lowestoft Trawler Records, which is *91 ewt. for 1906. The greater part of the fishing by
these Lowestoft smacks was within the B, area as we see from Table I1.* where the areas B, C, F, J,M
and the eastern side of E and H (20-22 fathoms) fall into area B,.

Or again, Mr. Cunningham in his North Sea Investigations, 18951, states that a Lowestoft smack,
fishing in the neighbourhood of the Brown Ridges, landed in the early part of September, 18 boxes of
plaice. Assummg that the voyage was of about a weeld’s duration, we divide 18 by 1322, obtaining
1-36 cwts. per six hours’ fishing in September, 1893 as against 1-14 ewts., the average obtained for
this same ground in September, 1903-1906.

Apart from this aspect of the value of the hgures we may look upon them also, as a permanent
record of certain conditions of the industry at the present time, which in future years will serve as a
meagure of certain changes that may have taken place.

APPENDIX II

SUBSEQUENT RETURNS—ANALYSIS OF THE 1908 RECORDS.

During the preparation of the statistics and the writing of the report on the Trawling Records
collected in the period 1904-1907, more Record Books accumulated as they were being filled in by the
fishermen., In 1908 they were much less numerous than in the previous years, as from one man we
have only the result of one voyage, while another recorded a few voyages discontinuously throughout
the year. Only one man has recorded a complete get of records for the year. These few records add
little or nothing to the information already obtained with regard to the seasonal and geographical
distribution of the species examined, but they are of value in corroboration of these regults, and more
especially in comparison of the vearly yield in showing whether the yearly decline was continued for
the species for which it had been demonstrated, or whether this had been succeeded by an increase.
The grounds fished were those lying to the south and east of the Dogg91 also including the eastern
half of the Dogger itself which was fished over by one man in the spring, and one voyage in October
to area @&, one of the north-eastern areas.

Area N (Oyster Ground, &e.), a ground already well examined, has the most continuous and
greatest share of the fishing. All the other areas visited had fishing in only a very few months of the
year, as will be seen from Table XXXIII.

These records have been analysed in precisely the same way as the former ones, the only difference
being in some of the factors used to convert the amounts in baskets to hundredweights. As nearly all
the monthly catches in any area belong to one man alone, and any bias in over or under estimation
would not therefore be eliminated in an average with other men’s catches, it was necessary to calculate
the ratio between a basket and a box for each man, and apply it separately to his catches. Any bias
in the nature of the size classification of the fish is also not measurable by a comparative method, and
on this account it has not been possible to detect any changes in the comparative abundance of the
different size groups. That such a bias is present we know, for the one man who contributed over

* Lee, cit., p. 94. !
1 CUNNINGHAM.—North Sea Investigations. Loe. cit., p. 126.
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three-quarters of the total number of hauls in 1908, always showed a tendency to maintain very high
gize limits for plaice. In the early part of the period, although he fished regularly on the “ Eastern
small plaice grounds,” he made a point of not keeping any plaice under 11 inches. In 1908 he adopted
a fourth class which he calls “ very small plaice,” including those from 10 to 8 inches in length, while
his “ best small ¥ plaice are from 10 to 12 inches in length. Part of the increase in the catches of
plaice displayed by the 1908 figures must be due to this tendency to include much smaller fish than
formerly. This cannot, however, explain the greatly increased catches on the Dogger in the spring.
The probability that such a tendency, namely to retain fish which would formerly have heen rejected
on account of their small size, is very common amongst the fishermen of to-day, suggests that the
decline in the yield is really more marked than it appears.

The following table shows the total and average amounts of fish caught, and the number of hauls
and hours of fishing :—

TABLE XXXIL—Showing the Total Amount of Fishing and the Total and Average Quantities of
Seven Species of Fish caught by certain Skippers in 1908,

R i L, cA e i -,
| Total Quantities, luigziiggs%;g
| L 79-21 ! 0-16
(7 T M 18769 | 098
* (Cwts) ' S 1819-43 g 2 65
| All 1886°33 ! 3°80

L 1,385 ; 27
Soles... . M 12,448 | 250
(Number) 8 6,998 g 141
All 20,781 { 418
!
' L | 991 200
Turbot i % S ! 2,727 549
(Number) | All | 3721 7-49
Brill ... ... .. .
(Number) { A s b
i Cod No. of Cod 1,469 3:0
) - Weight of Codling 83-03 0-17
[ (Cwts) | o
| ’ Total Weight 22993 0°47
i = S S s ol S ! = .!.. TN S S
| ! L 404°14 0-81
Haddock ...C“‘ts... i S 127:27 i 0°26
; Sl ‘ All 83141 | 1-07
| ‘ a
CWhiting v e e . : !
| (owts3 }J 95-22 0-19
" Number of hauls ... .. .. l — ) 1,297 ' -
|~ - - ~ | e e
| Number of hours’ fishing... - ’ — i 4,971} i —

We can compare these averages with the yearly average catch obtained by the one fisherman,
whose fishing is mainly represented in this year, in the four previous years, for, although the
distribution of fishing is not precisely the same, yet he always had a tendency to visit the same
grounds at the same time of year, and roughly they are comparable, His average total catches of
plaice for the four years 1904 to 1907 are 4°23, 5-23, 2-98, 3-99 ewts. respectively.

A comparison of the monthly averages shows that in the eastern areas and in the most inshore of
the central areas the average monthly catches of 1908 were well up to the averages of the four
preceding years, while on the offshore areas they greatly exceeded these, so that the decline is not
marked in this year.

Soles, (averaging 42) are slightly less-than in the previous years, the fisherman’s averages for this
region being 1904, 42 ; 1903, 61 ; 1906, 101 ; 1907, 65. The changes in 1908 are in no case at all
marked.

Turbot still show very small numbers, even though most of the fishing took place in the grounds
where they are most abundant. The average 7°49 compares unfavourably with 13:49 in 1904, 9-95
in 1905, 8-16 in 1906, and 7-55 in 1907, attained by this man. In 1870, we have by contrast, a
record® of a catch of 1,500 turbot by a smack in one night’s fishing about 40 miles from Heligoland
in June, an almost incredible number when compared with what is taken now when a fisherman
working regularly, even with a steamer, can only catch about twice as many during the year as were
taken in that one night,

Brill show very small numbers, but there is no decrease on the previous years—if anything there
is an increase.

Cod, haddock and whiting all show a considerable decrease on the previous years, We have
only to compare the averages given here in Table XX XII. with those for the eastern and central areas
in Tables XVIIL and XXTII.

* BUCKLAND and SPENCER WALPOLE,—Report on tae Sea Fisheries of England and Wales. 1879, p, 200,
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Table XXXIII. includes the monthly averages of the seven species of fish for each area examined,
and while it is seen to be very incomplete in many areas, all the averages that are present tend to
confirm the nature of the seasonal fluctuations as already determined, and the general comparative
distribution of these species.

TABLE XXXIII.—Showing for each of the geven species of FooD FISHES the monthly average catch
per ten hours’ fishing for each area and month investigated in 1908.*

" Plaice (cwts,). Number of Soles. N}}E:;fgtf’f N Cod, Haddock (ewts.), 1:
1] ——— —] ° &
= et -
g| oo, |53 | |5 e |38 s =
-4 gl T | | 8 |an| L, M 8 |an] L | &  an|8<]|g0 |8 |3.a”*; i L B
28 E e 2 |5 | 58 888 \ 4
3 f< o | J= |=*scT ol el a
G.| October .. | 147 | 0°30 | 0-00 | 0°00 | 0°39 00‘ 00{ 00| o0]ooo|o00|o000fooof101{oes|1ee]d7e|1m]err]ost
M.| January .. [ 68 |0'00 {035 (041 {077 ] 00 1'4( 3'6| 5°0{0°36 (464 (5003571567080 (2371293003 296]0°11
ﬁrﬂ .| 2803 | 0-00 [ 310 | 7-30 [10-41 | 00 [ 161 | &'9|23-0]000| 27|27t hz79| 14| + [0°14 003000003000
y .. | 1663 000 (172|627 | 700) 1°7|33°0|138|48°6] 006|549 |554]|902] 33 (001|034 §086L|0°00(06L|000
June .. | 2435 J0°00 )| 0'34 | 526 | 360 | 226 | 75°3 | 43'0 [141-8 | 0-57 | 7°27 | 784 1211 | 0°4 | 0°00 | 004 § 0-06 | 0-00 | 008 | 0°00
July .. | 383|000 000 | 000 | 0-00 | 249 | 914 | 54'5 1709 | 0-00 | 6°97 | 5-97 |i8-18 } 0°0 | 0-00 | 000 | c*00 | 0-00 | 0°00 | 0°00
Octoler .. | 40 | 0700|015 |3'85 | 400} 0°0|13'5| 4'5{ 18°0] 000 | 660 [ 650 | 050 | 00 | 0-00 | 0-00 § 0-00 | 600 | 000 | 0°00
Q.| January .. 143 ]0°23 | 044 | 0°32 (0091 0°0 | 497|248 | 74'5 | 138 |u1'72 3o | e | 117 {019 | 1-36 fo-78 | 0700 | 0°78 | 0°00
February.. | 4 |0°50 | 100|050 | 2-00 ] 0°0|16°0 | 30°0 | 450 ] 0°00 | 5°00 | 500 |es-00 | 0-0 | 000 | 0-00 § 0-00 | 0-00 | 0°00 | 0-00
March .. 1714|0700 | 1°27 | 7-92| 9194 0°0125| 116 [ 241|017 | 245|262 | 257 26| 001 |027]000]000]000]018
April .. | 313|000 | 083 | 5771|6541 0:0(19:0|13:0 (331082288817 476 0:3|0°00(0:03| 4 |0:00| 4 |o0:02
August .. | 8 |o-00 |03 | 150 |163] 0°0| 7'5(13°8| 213|750 2625 [33-75 ] 625 0°0 | 000 | 0=00 | 000 [ 0-00 | 0°00 | 0-00
October .. | 20 |00 | 028|190 218] 00320 17°0]49°0 ] 3:50 [14°50 [18-00 | 300 | 0+0 | 0-00 | 0-00 | 0-00 | 0-00 | 0°00 | 0-03
November, 20 | 0°00 | 016 | 1°80 | 1°96 | 0°0 | 64°0 | 43°0 |{107°0 | 7°50 (29700 [36°50 P.a'so 1°0 | 0-20 | 0°39 | 0°03 | 0-00 | 0-03 | 0-00
w.| August .. ! 4 fooo|150]450|600] 00100100/ 2000 | 0°00 15700 [15700 fs-00 | 0-0 | 0-00 | 0-00 | 0:00 | 000 | 0-00 | 0°00
October .. | 28 u-oo’ma 1'36 | 264 | 0°0 | 375|232 60°7 | 4°64 [10700 [14°64 | 3:93 | 04 | 0°00 | 004 | 0-00 | 0°00 | 0°00 | 0°02
T

J.| January .. | 119 {0704 {0706 ' 0°20 050 ) 77 (334 49 |46°0] 336|672 (1008 ]328] 32| 040 228 | 060 | 2-91 | 0°55
February.. | 943 § 0700 L 010 [ 002 [0°12§ 0°1|12°0 | 3°6|16°7]0°2L { 233 | 2'a¢ | 074 | 1'3|0°26 | 0°39 § 0-51 | 0-13 | 0°64 | 033
December . | 31 | 0°00 [ 0°28 | 019 | 0°47 | 070 | 30°0 | 10°6 | 40°6 | 484 | 8:71 1356 | 0'07 | 10 ) 036 [ 0°46 | 1°63 | 0°16 | 1'78 | 0°50
N.| January .. | 161 fo'18 024 [ 0°18 | 057 | 82| 4773 | 200 | 05°5 | 2+78 jn2ven P15veo | 477 | 700 | 0v17 | 087 | 1748 | 6v06 | 164 | 0-13
February.. | 2843 J 0°51 [ 0°73 | 023 | 147 | 15| 236°6 | 31°0 [69-0| 165|598 | 763 {777] 32|00 034]005 001|008 ] 002
March .. | 923|025 | 065 [ 0°17 {096 | 02 | 37°6 | 27-0 (@40 | 0'86 | 4'54 | 541 | 519 | 4'0 | 002|042 001 | 000 | 0-01 | G'00
April .. | 49 Qo000 | 020007 |027| 1°6|37°1|18'8 [ 57'6|1'02 |28 | 388 |2-65] 71| 007078009 [ 000009 ] 000
TJuly  ..| 3y]ooo{114)1°14]|229f 00| 00| 00| o00]o00|285|28 fJoo0] 29|023|052]029 011040 088
August .. | 180 | 000 | 130 { 830 | 461 | 00116 | 47| 182|306 (378|683 f2a1n)| 04|01 028]028|013|041]048
September | 72 J 600 | 200 | 634 | 843 ) 00| 51| 03| 53)0a2| 056|097 J250) 0°8|0°20) 028 020 | 001 | 0°21 § 0°05
October .. 373 000 |0-13 | 1-72 | 186 | 00 | 226 | 7'5| 30°2| 286 [12°34 [15-20 [ 2-80 | 0'6 | 004 | 0*10 | 0-02 | 0-00 | 0-02 | 007
November., | 3034 | 0°05 | 0°70 | 573 | 648 | 0°4 | 38°7 | 165°7 | 547 | 5741 [10-70 [16-11 | 4'80 | 1'7 | 0-08 | 023 009 | + [ o-08 ] 0°02
December . | 348 | 0°10 | 0°54 | 0°8L | 1°45 | 34 | 5L'L | 20°7 | 762 | 4°44 | 9°08 [L3°52 [ 4°36 | 2'8 | 0°30 | 0°58 | 0°65 | 0°00 | 0°65 | 0°25
I. | February.. | 76 | 0°00 | 0°2¢ | 0°02 | 0°25 [ro‘ 5'5; 07! e1]o6s|120 173 o2n]17:9|035 ) 2:04]3902]235]626]108
May .. | 633 ] 048|042 | 000 |088] ool oof 00| o0o]1ze|0es|18afore] 20043 063]307] 08238909
July  ..| 16 000|287 138|425 00| 00 00| 00]126|0w0|125)000] 19]0°3L|060f071]0108][ 091106
August .. | 179 | 000 [ 289 | 4'39 |7°28| 00| 1'5| 00| 1'5]1°17 | 0'87 | 1'B4 Jo'11| 3'56|0°32 | 067 | 0°12 |-0°08 | 020 | 046
September. | 1433 | 0°02 | 2'40 | 5'24 | 766 | 0°0| 29| 08| 35077 |0'8¢ 161 foo1| 3-7|02¢|061]012]| + |012]0om
December. | 4 | 050 | 0°50 | 1°10 | 2-10 | 25°0 | 600 15'()'90'0 9'50 |12'50 [15°00 | 5700 | 25| 033 | 0'68 | 0°13 | 000 | 0°13 | 0°16

0:| April .. | 164 027 1-0130'43|17ﬁ 01! o2 00| o3)o9|085|165|00s| 200|025 | 0vas | 184 | 038 | 23
May .. |37ea]o50! 049 gor {100 00 00| + | + J1es|108|27]oos]| o8|026]0°34]3813 | 150 | 4763 | 0°37
Jupe .. | 43 ] 0'86 0-55_0'00“-32 00 00] 0'0) 00)1'63|140]302]000] 00/ 016]0°18 3‘zaj 13 | 337 | 0°56
8. | February.. | 245 | 0°40 n'nlo'zr 138 49| 33| 49|13 1]041|490|53100°00]143)0°002°43]0°00] 000 000] 013
Tuly Suzafoem 108 @10 766 | 1021106 | 63 | 19°1 | 1040 832 ) 4781 | 4°14 | 03| 0-1p | 0°18 0°00 | 0:00 | 000 f 0°00
August .. | 803 Q000|101 |1'74 |27 ) 00| 98| 42 |14:0]112 (860 |4:72]2-98] 25018 0°45 § 0:00 | 0°00 | 0°00 | 0*00
September, | 96} | 0'28 [ 125 | 2+49 | 402 | 15| 49°2 | 347 | 85°4 | 5°71 [13°61 [19°32 | 7-00 | 0°0 | 0°00 | 0°00 | 0-00 | 0-00 | 0°00 | 0-00
Octaber 3163 0°14 | 1112 | 263 | 3'80 | 4°8 (326|259 |633)322(9000223]5563] 00| + [ -+ 000 0°00] 000002

| ) g [ E : = . o e 2 A
. | February.. | 52 |o'os 100|010 |213) 81| 88( 27 |146]0°19|327|346] 058|306 (009 315]003]000(003] +
2 ggpteml}ar.i 78l 015 [ 120|310 | 254 | o'0 | 23°3)12°9 | 361|120 | 9:03 [10°32 | 516 | 00 | 000 | 0°00 | 0-00 | 0-00 | 000 | 000
V.| February.. | 8 0'3810'0‘_’ 0°00 | 0°40 10'0: 76| 000|175 000|125 125 000|118 | 035|148 | 028 | 0:00 | 0-28 | 0-04
X.| February.. | 4 0'40'0'4ui0'00 0801070 | 00| o0/ 100]000]000]000]o00]| 50]000|050]000][000]0-00]0-00

The following points in the averages of each species are of interest :—

Plaice.—The only observations made in the north-eastern areas were in area G in October, when
the average, 039 cwis., is considerably less than that determined in other years.

The amounts in the eastern areas, M and Q, show much the same trend as has been determined
in other years, viz., a maximum in March and April in Q, and in April-May and again about October
in M. The minimum in the winter and that caused by an offshore migration in the summer is also
marked, The quantities are generally very slightly greater than in 1907, but less than those of the
previous years.

In the central areas, we find the same very small catches in area J, while in area N (Oysters, &e.)
they are very near the averages for the four previous years. The seasonal trend in the latter area is
gimilar to that determined in the general curve (Fig. 8), but in 1908 the first maximum comes in
February instead of March.

The unusually high average in November, 648 cwts., is due to large catches made in the first
week of the month in 20 fathoms at the very border of this area (about 54° 12’ N., 6° 50’ K.). On the
more offshore areas, I and O, much larger numbers than in the previous years were taken. The
spring catches on the Dogger are about three times those in 1904-06, and the summer averages on the
Clay Deep Grounds are also considerably greater than in previous years, These particular hauls are,

* 4 indicates the presence of very small gqunantities of the species, averaging less than 0005, i
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however, not representative of the whole area but lie near the dividing line between N and I. We
find the usual trend maintained in the southern areas, viz., a summer maximum. The drop here in
August is due to the fact that the hauls were made in a different and more southern part of the region
from the others in this area, viz., around Smith’s Knoll and Winterton Twenties, where they are not
generally so plentiful.

Soles.—In 1908 soles were entirely absent from hauls made in area G, and were as rare on the
Dogger Bank as they were shown to be in the previous years. The largest numbers in any area were
taken from area M (Sylt Amrum) where the catches increase regularly from the minimum in the
winter to their maximum about July. The complementary fluctuations of a winter maximum and a
summer minimum are maintained in the offshore areas J, N and I, but the amounts taken average on
the whole slightly less than in the period 1904-1907.

The southern areas show no great change in their yield of soles, but the antumn maximum is
considerable in 8. This is made more distinet becanse all the September and October hauls were
taken on the Botney and New Zealand Ground regions, which have been shown to be much more
productive of soles than the Leman ground and Brown Bank parts of this area.

Turbot.—Area N still maintains its reputation of yielding the largest number of turbot. The
gpring minimum appears somewhat later and the summer values are not so high as usual, but the
autumn and winter maxima are quite decided and come well up to the average of the previous years.
The other areas do not show any marked or unusual features. The winter averages in area J are high
and all averages, with the exception of December, in area I are very low (less than two per 10 hours’
fishing). In M we find indications of the summer maximum (7-84), and here also the January
catches are much larger than usual, No great changes are seen to occur in S (southern area) : the
autumn maximum is emphasised by the distribution of the fishing (mainly in the northern part at
this time and in the southern part in July and August).

Brill.—This species seems to maintain in 1908 the rise in numbers indicated in 1907. In some
cages the averages are considerably higher than the average of the four previous years. The geasonal
variations are not very regular, but in the cases where the averages are numerous and reliable enough
to show them they seem to agree roughly with those already determined. In area N we have a
definite winter maximum and summer minimum, the trend of the figures agreeing with that which
they showed in 1906 and 1907.

Cod—We find the average catch of cod is considerably reduced in 1908, Many of the averages
are only from one-third to one-half of the corresponding averages for the previous years. The
quantities on the Dogger Bank especially show a great reduction, most especially in the large fish,
The average of the three spring montbhs of 1908 is only 0-32 cwt. whereas the general average in
1904-1907 was 262 cwts. or over eight times as much, In area N the average of all the months
examined (except July) is 043 ewts. ; in the other four years it is 080 cwts. In this area the period
of maximum abundance occurs in the winter and spring, and there is a minimum in the summer and
early autumn as in the other years.

There are no hauls in which very exceptionally large catches of cod were taken. The large fish
are generally canght in numbers under 10, while in very few hauls do they reach a score in number.

Haddock.—In all cases considered in 1908, the catch of haddock is found to be decreased by a
considerable amount. The only times when the averages appear at all large is in October in area G
(6-17 cwts. as compared with 886 cwts, in 1904-05) and in area I in February (6-26 cwis.) and at all
other times and areas the catches come far below the normal. For instance, in area N the average of
the nine months with reliable averages is 0-34 cwt., only a little more than one-fifth of the average of
the same monthg in the previous years. The seasonal variations and the periods of maximum
abundance follow the same course as usual and no remarkable feature occurs. The large fish form a
very large percentage of the catch.

Whiting.—Very small quantities of whiting were taken from these areas in 1908, for the decline
evidenced throughout the former period is continued, and the average amount taken is about one-half
or a little more that in 1907.

Tt is thus apparent that in this region of the sea the seasonal fluctuations, as far as they can be
inferred from thesge few figures, remained fairly constant in 1903, and that the yearly variation deter-
mined for these species were, broadly speaking, a tendenecy for flat fish—to remain nearly the average,
gome like plaice and brill being slightly greater, and other like soles and turbot slightly less than the
years immediately preceding—and for round fish—to be considerably diminigshed. How far this may
apply to the western and northern half of the sea it is, of course, impossible to imagine as comple-
mentary fluctuationg may possibly take place there.
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