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Part III. The Zooplankton-Herring Correlations in the Scottish Fisheries.

By
G. T. D. Henderson, Ph.D., B.Sc.,
Department of Zoology and Oceanography, University College, Hull.

With 7 Figures in the Text.
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INTRODUCTION.

THrs section deals with the Plankton Indicator experiments in the herring
fisheries in Scottish waters carried out from 1930 to 1933, together with
a note on a few results from Irish waters in the spring of 1931. The
Scottish waters are here defined as those lying north of latitude 56° N.
This extensive area is divided into two sections, the Eastern Fishery and
the Western Fishery, by the meridian of 5° W. longitude. The eastern
section, being the more important and having been more thoroughly
sampled, will be dealt with first.

TeE EASTERN FISHERY.
AREA.

The most northerly sample was taken in Lat. 60° 56" N., and the most
easterly in Long. 1° 30" E.,* so that the area investigated is some 50,000

* Excluding three isolated samples in longitudes 2° 55" E., 4° 08’ E. and 4° 13" E.



Frg. 1.—Chart showing the distribution of Plankton Indicator samples in the Scottish Eastern Fishery, 1930-1933. (P.D., Position
doubtful ; P.A., Position approximate. The star indicates that the four samples concerned are situated farther west along the

north coast than the chart extends.)
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246 G. T. D. HENDERSON.

square miles in extent. Ninety per cent of the samples, however, lie
within a smaller region of some 18,000 square miles. Even so, in view
of the space and time considerations discussed in Part I (p. 161), this is too
extensive to be treated as a whole and is divided, by the parallels of
latitude of 60° N., 59° N., and 58° N., into four smaller areas (Part I,
Fig. 5), which correspond in general to the grounds fished from Lerwick,
Stronsay, Wick and Peterhead (and their adjacent ports) respectively.
Fig. 1 shows the distribution of the samples taken in the Fastern Fishery.

MATERIAL.

In all, 377 plankton samples were obtained with records of 410 catches
of herring, distributed through four summer seasons as follows :—

1930 28 samples with 46 catches of herring.

1931 112 S S P
1932 150 s 0T,
1933 87 0 S - R

2

In 1930 all the samples returned were taken by patrol ships,* and were
so distributed that several somewhat restricted regions were sampled on
occasions separated by considerable intervals of time. In 1931, 1932, and
1933, however, drifters engaged in the fishery took the majority of the
samples,T so that the distribution, both in space and time, is much more
even. While the 1930 material is insufficient in itself to provide reliable
results, we may use it to support those obtained from the more extensive
material of the other three years.

ABUNDANCE AND DISTRIBUTION OF CALANUS.

The importance of the copepod Calanus finmarchicusf in the ecology
of the herring is well known (Hardy 1924, Jespersen 1928, Savage 1931),
and, since the main correlations are with this species, its abundance and
distribution are discussed first.

Table I shows the average numbers of Calanus per sample for half-month
periods, the index figures showing the numbers of samples averaged. The
two more southerly areas are combined as there are relatively few samples

* (ruisers of the Scottish Fishery Board and gunboats of the Fishery Protection and
Minesweeping Flotilla. These have sometimes towed the instrument between the nets of
two or more drifters fishing close together (within a distance of a mile) and noted all the
catches. This accounts for the number of catches being greater than the number of
samples.

'f'PThc methods of using the Indicator from patrol ships and drifters are described in
Part I, page 153.

1 Where the term Calanus is used in this paper the species Calanws finmarchicus (Giinn.)
is referred to.
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from 8. of 57° N. lat., and the Shields figures* are entered for comparison.
Omitting the restricted material for 1930 the outstanding features may
be summarised as follows :—

(1) There appears to be a progressive increase in the abundance of
(Calanus over the three years, the average numbers being 125 for 1931,
241 for 1932 and 894 for 1933 (these figures being based on 112, 150 and
87 samples respectively). Restricting the material to that obtained
between mid-June and the end of July, a period well sampled in all the

TABLE 1.
AVERAGE CALANUS PER SAMPLE PER HALF-MONTH.

May June  June  July July  August August

Year. Area. 16-31 1-15 16-30 1-15 16-31 1-15 16-31
1930 N. of 60° N, 1755 — £ 0t

.. 59°-60° N. 8975

- S. of 539° N. g4 1610
1931 N. of 60° N. 32619 498 033

o 597 to 60° N, 112 1109 8210 16111

;8. of 59° N. 358 511 @g317 27ou

.. Shields 41¢ 9924 G421 7637 9317 6828
1932 N. of 60° N. 18810 713 1278

.. 59° to 60° N. 10218 hT7® 14521 14201

- S. of 59° N. 5128 13751 — 2791% §2014¢ 30628 2659

¥ Shields 47443 86430 91248 18932 — 17511 9921

S

1933 N. of 60° N. 4587 8178

i 397 to 60° 20479 133017 G886

e S. of 59° N. 2833 44811 38915 @ggz211 0935

b Shields 2040 38938 102225 {4825 7039

years, the figures are a little lower but show the same upward trend as
follows :—111 for 1931, 197 for 1932 and 724 for 1933 (based on 97, 109
and 69 samples respectively). These figures confirm the conclusion of
Ogilvie (1934) who, comparing 1933 with 1931, says Calanus “ was con-
siderably more abundant in 1933.” It is worthy of note here that the
influx of Atlantic water into the North Sea was greater than usual in 1932
and 1933, particularly in the latter year.f

“PFanffrther information relating to the abundance of Calanus in the Shields Fishery,
see Part IL.

T Strong Atlantic inflow resulted in temperatures 14° to 2° C. greater than normal in
1932, 2° to 3° C. in 1933, and salinities deseribed as ** higher than usual ** in the summer
of 1932, and * unusually high * in surface layers in the extreme north, and in sub-surface
layers farther south, in June and July of 1933. Further evidence is the recovery of drift
bottles liberated in Scottish waters from the coasts of Lincolnshire, Norfolk and Suffolk, a
somewhat unusual occurrence. Also significant numbers of such drift bottles were
recovered from the Danish coast south of 56° 30° N. Lat. (Ann. Rep. Fish. Bd. Scot.
1933 and 1934.) See also Part II (p. 224).
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(2) Ineach of the three years there is a general tendency for the Calanus
numbers to be low in the first half of July.* Gibbons (1933) finds for earlier
years that June and September are the periods of greatest abundance in
the area South of 58° 45" N., but that North of this July is the month of
maximum numbers. Differences in the vertical distribution of Calanus
in the northern and southern parts of the area in the summer months may
explain the difference between our results in the area N. of 59° N. and those
of Gibbons, since our sampling is confined to a depth of 7-10 metres
(the region of the herring nets) while Gibbons’ material is largely from
vertical hauls. However, it should be noted that Lucas shows, for the
Shields area (Part IT, p. 219), how in general the variations in the Calanus
numbers taken by the Indicator (at 7-10 metres) correspond with the
fluctuations in the numbers found by Savage in the herring stomachs
during the same period. The figures showing the abundance of Calanus
for the area South of 59° N., while not extensive enought to permit a
detailed comparison, indicate a general agreement with Gibbons’ results.

CALANUS-HERRING CORRELATIONS.

Since there are such wide differences in the ranges of Calanus numbers
in different areas and at different seasons it is not possible to adopt a
fixed scale with which to correlate the herring catches. The method
adopted is discussed in detail by Prof. Hardy in Part I (pp. 161-164), and
briefly is as follows :—The samples in each area are grouped into short-time
periods, and for each area-period the samples, with their corresponding
catches, are arranged in ascending order of Calanus numbers : the series
thus formed is divided into two parts, one containing the lower half, and
the other the higher half, of the Calanus numbers. The catches corre-
sponding to the samples in each half can then be compared. Examples of
two such correlations are given on pages 162 and 163 of Part I.

In the Scottish Fisheries the half-month{ was adopted as the shortest
time-period which gave a reasonable number of ““ units 7 (i.e. Calanus
sample and corresponding herring catch) in the correlation, and we have
fixed 10 as the number of units required to form a ** valid " or * primary ”
table from which deductions may be made. Tables for those area-periods
which have only 6 to 9 units have been drawn up, but will be termed
“secondary,” and will only be used to indicate the probable trend of the

* The writer, working in a drifter to the eastward of the Shetlands during the middle
of July, 1932, found very few Calanus in the samples obtained (rarely more than ca. 25)
although a fairly wide area was covered, and samples taken frequently when steaming in
addition to those taken just before shooting.

T Oceasionally, at the beginning or end of a period, an odd day, not otherwise included,
has been added to increase the number of units in a correlation, e.g. 16 July to 1 August,
1932,
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correlations. These are listed separately from the primary tables. Periods
having less than 6 units available have been discarded.

There are twenty primary area-periods during the four years 1930 to
1933 and eleven secondary area-periods; Tables I and III below show
their distribution and indicate the sign of the correlation in each,
i.e. whether it is positive in that more herring were taken in the richer
Calanus water, or negative in that fewer herring were taken in such water.

TABLE II.
PrivarY CoRRELATION TABLES.
Area. 1930. 1931. 1932. 1933.
N. of 60° N. 16-30 June + 16-30 June  +
1-15 July +
597 to 60° N. 16-30 June -+ 1-15July  + 16-30June  +  16-30June -
16-31July  + 16July-1 Aug. + )
58°t059°N. 1-15Aug. -  16-30June -+ 1-15 Aug. -  1-15July +
1-15July  + 16-31July  +
16-31 July  +
567 to 58° N. 31 July-15 Aug. + 1-15 July - 16-30 June -
1-15 Aug.  +
TABLE III.
SECONDARY CORRELATION TABLES.

Area. 1930. 1931. 1932. 1933.
N.of60°N. 1-15June + 1-15July + 16-31 July + 15-30 June -
59 to 60° N. 16-30 June + 1-15 July - 1-15June +

1-15July +
58°t0 59°N. 16-31 July + 16-31 July <+
56° to 58° N, 16-31 July -

Table II above shows fifteen positive and five negative correlations,
and in Table III the eleven secondary area-periods suggest eight positive
and three negative correlations. We see that on the whole the tendency
of the correlations is positive. The secondary tables support in detail, as
well as in general, the main results. Summaries of the results of these
correlations of primary and secondary periods are shown in Tables IV
and V respectively.

It is interesting to note how closely the results for the Shields Fishery
(Part II, p. 209) agree with those for the Scottish Fishery. For the
Shields Fishery the “all boat ™ results give fifteen positive and five
negative correlations, and the *“individual boat ” results twenty-three
positive and eight negative correlations. That is, in each series, two
Scottish and two Shields, we find a three-to-one ratio of positive to
negative correlations.



250 G. T. D. HENDERSON.

COMMERCIAL SIGNIFICANCE OF THE CALANUS-HERRING
CORRELATIONS.

A brief statement of the results of the correlation tables, as such, has
been given above, and the next step is to show how these results are of
value to the herring fishery if the Indicator is used as a means of locating
the water rich in Calanus. The commercial application of the Indicator
is discussed in Part T (p. 165). The results of the correlations. expressed
as being positive or negative, are not sufficient to enable an evaluation of
the method to be attempted, so that a * term * must be found which is
common to all the correlations and independent of variations in range of
Calanus figures and catches. The method of obtaining such a ** term,”
in the form of the gain or loss which would have resulted from avoiding
the waters poorer in Calanus, expressed as a percentage of the total
actual catch, is demonstrated, with examples, in Part I (p. 162),
and Table IV gives these figures (in col. 13) for all the primary
correlations, Table V giving the secondary results. The reasons for
adopting this method of evaluating the correlations rather than one of
a number of other methods are fully discussed in Parts I (p. 161) and II
(p. 180). '

The correlation tables for 1930, for two primary and two secondary
area-periods, differ from those for the other years in that each is based
on material collected by a patrol ship on a single day within a very
restricted area.® In one table, for 7th August, where a markedly negative
correlation is found, sixteen of the nineteen samples had Calanus numbers
ranging from 0 to 20 and the highest did not exceed 100. These 1930
results are not, therefore, included with those of the other three years
except where stated.

For the years 1931 to 1933 there are eighteen primary area-period
correlation tables. Five of these tables show a gain or loss not greater
than 109, which might commercially be regarded as unimportant{ and
so will be termed “neutral.” Of the remaining thirteen, eleven show
gains ranging from 12-39, to 85-29;, and two show losses of 11-19;, and
30-495. The eighteen tables show an average gain of 24-59,.

Nine secondary area-period tables during 1931-33 indicate results as
follows :—four are neutral, four indicate gains ranging from 28-59, to
1009%,1 and one indicates a loss of 1009,.§ These secondary tables when
combined indicate an average gain of 16-49),.

* The most extensive group only covered an area about 8x 5 miles.
+ These results average a gain of 0-59,.

1 All catches in poorer Calanus water blank, total catch in richer Calants water 7-5
crans.

§ All catches blank, except one of 5:75 erans in poorer Calanus water.
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IV.

SUMMARY OF DATA RELATING TO THE CATANUS-HERRING CORRELATIONS TN THE ScorTisn Fisnrries 1930 to 1933, vor
PriMarY PERIODS ONLY.

Year.

1930

1931

1932

1933

Period.

16-30 June
1-15 Aug.

16-30 June
1-15 July

16-31 July

31 July—15 Aug.

16-30 June
1-15 July

16 July-1 Aug.
1-15 Aug.

2

16-30 June

1-15 July
16-31 July

Area.

59” to 60° N.
58” to 59° N.

N. of 607 N.

58° to 59° N.
597 to 607 N.
58% to 5% N,
59° to 60° N.
587 to 59° N,
56° to 58" N.

N. of 60° N.

597 to 60° N.

N. of 60° N,

56° to 58° N.
59° to 60° N.
58° to 59° N.
56° to 58° N.

597 to 60° N.
56° to 587 N.
587 to 59 N.
58° to 59° N.

No. of
Samples.

10
19

15
13
10
11
11
15
11

10
19
13
12
22
22
10

19
10
11
11

Calanus

Range. Av.
510-1360 922
0-100 21
0-1560 326
4-T14 40
0-416 82
040 b
1-800 161
0-200 64
14-656 261
0-515 188
0-395 97
0-50 5]
0-865 222
1-1420 194
0-820 184
5-1080 510
88-4200 1306
10-2000 393
0-1580 423
0-1415 682

Catch (in crans).

Range,

23-00-55-75
0-00-30-00

0-00-50-00
0-00-5-50
0-00-6-00
0-00-38-00
0-00-27-00
0-00-5-50
0-00-3-50

4-00-35-00
0-00-90-00
0-00-40-00
1-:00-14-00
0-00-72-00
0-00-30-00
0-00-17-00

0-00-52-00
1-00-30-00
0-00-71-00
0-00-30-00

Av.

43-00
5-40

12-60
1:00
2:00
770
8-20
1-20
1-20

15-00
22-80
10-10
830
22-80
5-10
5:30

14-40
1215
13-30

3-90

Total catch in

water of
Lower Higher
Calanus Calanus
Numbers.  Numbers.
188-75  241-00
96-50 6-50
82-75 106-00
375 9-:00
9:00 10-50
20-7H 64-25
17-50 72-50
4-30 14-10
1-00 12-50
72:50 7750
183125 250-725
62-92 68:59
54-50 45-50
157-00  345-25
73:50 39-25
21-50 31-25
142-40  131-90
67-50 54-00
58-00 88-25
3-50 39-50

Calanusg

Average catchin
water of

Lower  Higher

Calanus

Numbhbers. Numbers.
378 482
10-2 07
11-0 14-1

0-6 14
1-8 2-1
3-8 11-7
32 13-2
0-6 1-9
0-2 2-3
145 15-5
19-3 26-4
97 10-6
91 76
14-3 al-4
6-7 36
4-3 6-25
15-0 15-9
13:5 10-8
10-6 16-1
0-6 7-2

Per-
centage
(ain or
Loss on

total

cateh,

129
— 874

+12:3
+41-2
+ 77
+51-2
--61-0
+63-1
+85-2

+ 33
—+15-6
+ 43
— 90
+-37-5
—30-4
185

— 40
—11-1
+20-7
+83-7



TABLE V.

SUMMARY OF DATA RELATING TO THE CALANUS-HERRING CORRELATIONS IN THE ScorTisH Fisueries 1930 to 1933, vor
SECONDARY PERIODS ONLY,

Year.

1930

1931

1932

1933

Period.

1-15 June
16-31 July

16-30 June
1-15 July

1-15 July
16-31 July

bRl

1-15 June
15-30 June
1-15 July

Area,

N. of 60° N.

58° to 59° N.

59° to 60° N.

N. of 60° N,

59° to 60° N,

N. of 60° N.

58° to H9° N.
56° to 58" N.

59 to 60° N.

N. of 60° N.

59° to 60° N.

No. of

No. o
Samples.

7
9

[=-Iie sl s B a] (v ]

-1

Calanus
Range. Av.
64-300 191
0-16 8
1-450 110
3-160 49
1-244 57
0-H40 127
132-1075 331
60-31565 1005
22-8000 2947
32-1400 458
80-1640 587

Cateh (in erans).
Range. Av.

6-50-69-00 29-10
1-:00-3-00 175

3-00-40-00  20-60
0-00-100-00 15-30

0-50-25-00  6-90
1-00-61-25 12-20
1-:00-35-25 18-20
1-:00-25-00 10-70

0-00-53-00  18-50
0-00-5-75 0-80
0-00-5-00 1-26

Total catch in

water of
Lower Higher
Calanus  Calanus
Numbers.

80-70 123-30

6-40 9:40
9200 9350
1375 109:00
32-00 30-25
27-30 70-20
7175 7400
3275 31-50
H9-b0 107-00

H7H 0-00

0-00 7:H0

Average catch in
water of

Lower
Calanus

Numbers. Numbers. Numbers.

23-1
1-4

20-4
34

71
6-8
179
10-9

132
16
0-0

Higher
Calanus

35-2
2:1

20-8
27-3

67
17:5

Per-
centage
Gain or
Loss on

total

catch,

+20-9
+19-0

+ 0-8
+77-6

— 28
+43-9
+ 15
— 19

+285
—1000
+100-0
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The details of these gains and losses are shown in tabular form, primary
results being shown in heavy type, as follows :—

Gains Neutral, Losses.
8529  100-09 99, 1-59 ~1119 - 10009
8379,  77-6%, 439, 0-89, - 3049
61-09, 43-99%, 33% ~—-19%

5319, 2859 ~40%  -289
51-29, - 909,

41-29%,

37-5%,

T80,

1567,

12-39%

It is important that the values for the individual periods should not be
stressed, as the results for any individual period may be affected by the
fortuitous nature of the fishing. The value of these results lies in their
consideration as a whole, and Prof. R. A. Fisher suggested that the signifi-
cance of the different series of tables should be demonstrated by the estima-

_tion of their Standard Errors. Thus the primary correlations for the years
1931-33 give an average gain of 24-5£7-79, (‘t’ 3-182), while if the year
1930 is included the result becomes 18-3 4899 (‘t* 2:056). The secondary
correlations, as should perhaps be expected, do not approach this level of
reliability, 1931-33 giving an average gain of 16-44+19-19, (‘ t* 0-859) and
1930-33 17-04-15-59, (‘t” 1-097). Fig. 2 shows graphically the details of
the catches in the poorer and richer Calanus waters for each of the periods
of gain, and Fig. 3 for each of the periods of loss. The neutral periods are
not figured. The average catches in poorer and richer Calanus waters are
also shown, superimposed on the individual catches. These figures show
quite clearly that the position in the Calanus range of one high catch in a
period may weight the result, in that it may dominate the other figures
wherever it falls. The higher catches do not all occur in the richer Calanus
waters, an appreciable number falling in the poorer waters, but it is found
that more high catches occur in the richer Calanus waters than in the
poorer. Conversely more blank catches occur in the poorer Calanus waters
than in the richer. Catches of intermediate value are more equally dis-
tributed. The following table shows the numbers of occurrences of catches
of different magnitudes in the poorer and richer Calanus waters.

Numbers of Occurrences in

Herring catches, Poorer Richer
Range. (Calanus waters. Calanus waters.
0-0 erans 33 29
0-1-5-0  ,, 52 49
51-10-00 ,, 27 25
10-1-20-0 ,, 22 18
20-1-30-0 ,, 9 ]

Over 30-0 ,, 7 22
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Fia. 2.—Histograms showing (in black) the individual eatches of herring in each area-period which showed a theoretical gain of over 109 (see
text). There are fifteen such area-periods, eleven of which are primary (with 10 or more catches) and are shown first, and four secondary
(6-9 catches) shown last. In each period the catches are arranged from left to right in the order of ascending values of Calanus in the
associated plankton samples: each series is divided into halves, the left half representing the catches in the poorer and the right half those
in the richer Calanus water. The average catches of herring in each half are shown as shaded histograms. Below each histogram is a craph
showing the associated Calanus values. The diagrams are in fact graphical representations of the area-period tables drawn up for

correlation purposes.
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Fig. 4 shows the percentage of catches below given values which occur
in the poorer and richer Calanus waters, the years 1931, 1932 and 1933
are shown separately, and the combined result is also given. It is seen
that in the poorer Calanus waters the percentage of catches below any
given level is greater than that in the richer Calanus waters, and that in
the combined curve for 1931-33 the difference tends to increase when the
higher catch levels are reached.

S0
=
o
Ll
Ll
s
5
3
20 =
2]
]
5
d
O
|-200
=
-
El‘ — Lo hsE
m
o
k107
24
- 55
@
=3
Ll 11 L 0?
58" to 59°N 56" to 58" N N of 60°N
1-15 Aug. 16-30 June 15-30 June
1932 1933 1933

Fi6. 3.—Diagrams of the same kind as those in Fig. 2, but for those area-periods
showing a theoretical loss of over 109} (see text). Two of these are primary
area-periods (10 or more catches) and one is a secondary area-period (7 catches).

There is a noticeable difference in the distribution of catches of various
magnitudes in the Shields Fishery (Part I, p. 211) and the Scottish
Fishery. Whereas in the latter for the years 1931-33 20-09/, of the total
catches are blank and 15:79, are over 20 crans, in the Shields Fishery for
the years 1932-33 only 9-49; are blank and only 5:39 exceed 20 crans.*
That is, more high catches were secured in the Scottish Fishery, but
there was a greater chance of getting a blank haul ; in the Shields Fishery

* Percentage occurrences of blank catches and catches over 20 crans are as follows for
individual years. The 1931 Shields figures are not used here (see Part II, p. 210).

Seotland. Shields.
No. of 9% over No. of 9% over
samples. 9, blank. 20 crans. samples. 9, blank. 20 crans.
1931 103 28-2 10-7
1932 139 16-5 20-1 1932 214 98 1-0

1933 73 274 19-2 1933 190 89 100
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blank hauls were relatively less frequent, but on only a few occasions
was a really high catch obtained.

The results outlined above indicate the nature of the benefit which
could be derived by the fishermen from consistent use of the Plankton
Indicator on the basis of the Calanus-Herring Correlations. Over a long
period more higher catches, and fewer blank catches, will be the result
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Fis. 4.—The broken-line curves show for the catches taken in the poorer Calanus water
the percentage falling below given values (vertical scale), and the continuous-line
curves show the corresponding percentages for the catches taken in the richer Calanus
water. They show that the larger catches are taken more frequently in the richer
Calanus water.

of fishing always in waters giving the larger numbers of Calanus, although
1t would be necessary to use discretion in determining how much extra
time may reasonably be spent in looking for such waters.

Owing to the fortuitous nature of the fishing it would be necessary to
continue these investigations over a long period of years, and to have
many more samples in each year, before we could discuss with certainty
the seasonal variations in the degree of correlation between Calanus and
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herring, and thus the variations in the efficiency of the Indicator as a
commercial instrument. Our results do, however, indicate that an increas-
ing gain may be expected from mid-June to the end of July, and this
increase is evident in the individual years as well as in the combined
result (Fig. 5).

TABLE VI.
PrErRCENTAGE (GATNS AND LossEs v AREAS AND PErIobs.

June June July July August
Year. Area. 1-15 16-30 1-15 16-31 1-15
1930 N, of 60° N. + 20-97
1931 4192315 + 77-68
1932 + 3-310 +4:31%  +43-98
1933 ~ 10007
1930 59° to 60° N. +12-210
1931 + 0-89 X SURNY | I 153
1932 +15-61° _ 9.89 +35-522
1933 + 28-5° - 40 4+ 100-08
1930  58° to 59° N. +19-0¢ _ 85410
1931 + 41-212 + 51211 + 53118
1932 + 1-58 - 30-422
1933 490511 4 83711
1931  56° to 58° N. + 85-211
1932 — 9012 —1-98 4 18-510
1933 ~111v

Table VI shows the figures for all the results, primary (in heavy type)
and secondary, and the average overall gains, for primary periods only, in
the different areas are as follows :—

Area  N. of 60° N. + 6-69% based on 3 tables.
59° to 60° N. +23-69, i D
58° to 59° N. +36-6%, @ i 6
56° to 58° N. +20-9% e 4

and in each year there is a resultant net gain for all area-periods.

1931. 1932. 1933. 1931-33.
+44-59, +5-7% +422-39, +24-59,

If the two primary area-periods for 1930 are included the average for
1930-33 is +18:3%, but on page 250 it is shown that there are good
grounds for omitting these results from the general conclusions.

Table VI also shows that the general increase in gain from 16-30 June
to 16-31 July, indicated by the average curve in Fig. b, occurs, almost
without exception, in each year in each area where sufficient figures
are available. Even where the 16-30 June figure is a loss, it is seen
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Fie. 5.—Histograms showing the variations in the Calanus-herring correlations, expressed
as theoretical percentage gains or losses (see text), for the area-periods in the Scottish
Eastern Fishery for the vears 1931, 1932 and 1933. The areas N. of 60° N., 59° to
60° N., 58° to 59° N. and 56° to 58° N. are indicated by the letters A, B, C and D
respectively. The primary area-periods are shown as black histograms and the
secondary area-periods as open histograms. Asterisks indicate that too few samples
were obtained to make even a secondary period. The broken-line curve, superimposed
on the 1932 base, indicates the trend of the seasonal variation in the primary corre-
lations, obtained by averaging all the primary results available in each period.
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that the loss diminishes or turns to a gain in the subsequent periods
(excluding 1-15 August). Two secondary results in 1-15 June indicate
gains higher than the average for the second half of the month, but this
cannot be confirmed on the limited material available.

The course of the Summer Fishery is described by Wood (1930) who
states that it ““ begins in May or early in June and is continued generally
till about the middle of September, i.e. from the time that the reproductive
organs of the Autumn spawners begin to develop until spawning is com-
pleted and the bulk of the spent fish has left the fishing grounds.” The
seasons over which this work extends have, however, been shorter;
full-scale operations have rarely commenced till the second, or even the
third, week in June,* so that our material, which is scanty in May and early
June, does in fact cover the beginning of the fishery in the years concerned.
The end of the fishery is less satisfactorily sampled, as although in the
Northern waters (Shetlands and Orkneys) large-scale operations have
ceased about the end of July, further south they have continued till the
end of August or first week in September, and after mid-August we have
little material as the drifters taking samples have rarely finished the season
in these waters.

The main period of high productivity (mid-June to mid-July) is,
however, fairly well represented, and fair numbers of samples are avail-
able for the second half of July. In August material is less plentiful, only
four correlation tables, one of which is for 1930, being possible, giving
rather erratic results. It is possible that this wide variation in the August
results is associated with the fact that, at this time, the shoals fished are
composed mainly of spawners and spents, when catches are much more
variable than at any other time. According to Wood (ibid. p. 9) a suitable
condition of tide and weather, i.e. a considerable amount of sea disturb-
ance, is by far the most important factor in determining the chances of
a good catch of ripe herring ; heavy catches of spents are not infrequent,
but are rarely maintained for long on account of the rapid dispersal of
the shoals after spawning. In each of the three years, 1931-33, periods of
calm weather occurred in the Scottish Fastern Fishery in August. Spents
formed an appreciable proportion of the landings after about the first
week of August, and when the calm weather occurred the average catch
level dropped to a low value. Any incidence of rough weather gave an
increase in average catch.t Under these conditions it is not to be expected
that the Indicator results will be absolutely reliable.

Although the number of drifters taking samples is relatively small, the
curves expressing the weekly average landings of these boats, while not

* Due to agreements within the trade fixing dates for the commencement of curing.
+ Weekly reports on the Herring Fisheries in T'he Fishing News and 1'.e Fish Trades
Gazette are the sources of this information.
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absolutely coincident with the curves showing the weekly average land-
ings at the ports (Fig. 6), do indicate fairly exactly the changes in pro-
ductivity through the season and are thus sufficiently representative of
the work of the fleet to render the results obtained in this work applicable
to the fishery as a whole. We are indebted to the Fishery Board for
Scotland for permission to use their figures and for putting at our
disposal the data necessary for determining the weekly average landings
at the ports.
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An interesting example of the way in which these results can be
applied to the fishery and evaluated may conveniently be quoted here.
On the 23rd June, 1932, in the area 59° to 60° N, sufficient units are
available to enable a correlation table to be compiled for this one day in
the period 16-30 June. The material is all from an area to the south-east
of Lerwick, triangular in shape with the apex pointing north-west and
about twenty miles from apex to base. The higher Calanus numbers were
more to the south-east than the lower (Fig. 7 shows the distribution of
Calanus and catches) so that boats steaming only 20 to 25 miles off did
not reach the area of richer Calanus, while those going 30 miles or more
did get into good Calanus waters.

TABLE VIL

Cavanus-HERRING CORRELATION TABLE.
Area, 59° to 60° N. 23rd June, 1932,

Lower Calanus numbers. Higher Calanus numbers.
Herring Herring
Calanus. in crans. Calanus. in crans.
1 0-0 395 15-0
10 0-0 305 13-0
10 0-0 260 64-0
10 2-2 60 54-0
10 50-0 21 56-0
Total 41 5225 1041 202-0
Average 8° 10-455 2085 40-45

Grand total catch : 254-25 crans for 10 landings.

If all the catches had been made in waters of the richer Calanus values
the expected (theoretical) total catch would have been 4040 crans;
ie. a theoretical gain of 149-T5 crans over the actual total catch
obtained when fishing at random. This may be expressed as a (theo-
retical) gain of 58-9%,.

The boats going farthest, i.e. getting into good Calanus waters, would
have gained 30 crans apiece or ca. 3009, over the boats which did not
steam so far, and 15 crans or 58-99; over the average for all the boats
fishing on that ground. The average landing at the port the next morning
(24th June) was 18 crans* and prices were 15s. 3d. per cran for curing

* Fishing News, 2nd July, 1932,
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POSTSCRIPT.

A few samples were obtained in July, 1935, by H.M.8. Foyle, and two
correlation tables of primary value have been compiled. These samples
were all taken north of lat. 59° 55" N. and so the tables may be

compared with those for the area N. of 60° N. for the earlier years.

TABLE XVII.

SUMMARY oF DaTa RELATING TO THE CALANUS-HERRING CORRELATIONS
i THE ArReA Norrte oF 59° 55’ N. vor JuLy, 1935,

Total catch in Average catch in Per-
water of water of centage
) Lower  Higher Lower Higher gain or loss
No. of Average Average Calanus Calanus Calanus Calanus on total
Period. samples. Calanus. catch. numbers. numbers. numbers. numbers.  catch.

1-15 July 10 88 127 120:75 6-50 241 1-3 - 89-8
16-31 July 12 50 16-6 725 191-50 12 31-9 + 92-7

Calanus reaches a higher average in 1-15 July than it did in 1931 and
1932, but is less abundant in 16-31 July than in the earlier years. Lima-
cina is more abundant than in the corresponding periods in 1931-33, and
the two correlations with this organism give negative results, supporting

the suggested relation between Limacina and Herring (p. 265, also
Table X),

TABLE XVIII.

LivaciNna-HERRING CORRELATIONS.
Average catch (crans) with
Period. Limacina 0-99. Limacina 100 and over.

1-15 July 15-9¢8 01252
16-31 July 46-0* 1-8%
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