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SUMMARY AND GENERAL REPORT.

The Report this year is taken up almost entirely with papers

dealing with the results of the investigations relating to herrings.

The first paper, by Mrs. Cowan, gives an account of the investi-

gations made in 1918. Thirteen samples were examined, the

total number of herring being 3,000, and included two samples

which were measured according to the agreed upon methods for

determining racial characters. The first sample of the season

presented herring, 46 per cent, of which had four winter rings,

but the rest indicated a return to the conditions so characteristic

of the Northumberland Coast herring, the predominant age-group

of which is three winter-ring. As will be seen, moreover, the general

notes showed that the herring were immature, the gonads being

usually in stages I. and IT. Only one landing, that of July 29th,

was observed to be in a state of approaching maturity.

This is followed by a paper by Mr. Storrow, who returned

to the Laboratory in February of this year, in which the attempt

is made to consider as a whole the results obtained during the years

1912 to 1918 from the standpoint of age, and the growth up to

the formation of the first winter ring. We were led to make this

approach to an anal^^sis of our records from the consideration

that the growth to the first Avinter ring would tend to determine

the source of the immature herring which ai'e summer migrants

to our coast.

The Northumberland Coast herrings may be defined as a

shoal of young herrings, having for their predominant year class

fish with three winter rings. Following the restricted fishing of

1915, herrings with four winter rings predominated in 1916 and

1917. Few herrings occur in the samples with five or more winter

rings, and, on the other hand, the number with two winter rings

gives no indication of the abundance of fish with three winter

rings to be expected in the following year. The small number

of fish with two winter rings is not due to the selective power
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of the drift net, but rather to their absence from the shoal. The
samples of 1917, for instance, gave no indication that fish with

three winter rings would predominate in 1918.

From the age-composition of the 1916 samples the Northum-

berland Coast shoal appears to occupj^ the ground between the

Fame Islands and opposite the mouth of the Tees. During that

year the shoal was augmented in July and August by the immigra-

tion into it of heri'ing with four and five Avinter rings, and the

distribution of the fish with four winter rings supports the opinion

of the fishermen that our herrings come from the north-east. These

larger herring used to be folloAved by mature fish, and spawning

took place especially in the neighbourhood and to the north of the

Fames, but the period of our investigations has been marked by
a dearth of spawning, and the evidence of its happening has been

mainl}^ derived from data referring to " spawny haddocks."

There is evidence therefore that during the herring season

a succession of shoals appears in our coastal waters. The season

commences by the fishing 100 miles or more from the coast, and

the smaller coastal herring appear in the latter part of May. Our

results indicate that the Northumberland Coast herring consist

in June and July of herring Avith a comparatively small first year

growth, and are followed about the end of July or the beginning

of August by herring with a larger first year grow^th. Again,

towards the end of August and the beginning of September fish

with a smaller first year growth are once more abundant. The
samples of 1916 indicated that the herring with the larger first

year growth were more particularh- restricted to the southern

portion of the fishing ground, and this points to separate shoals.

It has to be noted also that herrings with two winter rings have

in all seasons a larger first je&v growth than the herring of other

3^ear groups. The observation is doubtless intensified by the

facts we have already j)ublished aa to the difference in the rate

of growth of the scale and the fish, but it is with the other obser-

vations of importance as indicating that a herring with a large

first year growth regularly visits the Northumberland Coast during

its 3-ears of immaturity. A sample of the spring spawnmg herring

of the Firth of Forth has been found to have a first year growth

practically the same as that of the herring of the Northumberland

Coast. The fiuctuations of the Firth of Forth fishery follow closely



those of the Northumberland Coast shoal, and these con>:idcra-

tions, together with the observations we have already published

as to the source of the post larval herring of the Tyne, give good

grounds for saying that a large section of the herrings of the North-

umberland Coast is composed of young fish which afterwards

become the spring spawners of the Firth of Forth.

To this account is appended a statement as to the growth

of the 1914 samples, which were examined to furnish data for

racial investigations.

Mr. Storrow also gives an account of the age and growth

of a Ballan Wrasse, which was kept under observation from 1915

to 1917, and has furnished the welcome evidence that the growth

and the age as determined by the scales coincide with the history

during the same period in the free condition.

The above will serve to illustrate the relationship of North-

umberland with the east coast of Scotland, and the desirability

of linking up our work with that of Scotland. It will also serve

as an excuse for our expression of disappointment that the con-

ferences with reference to reconstruction have not resulted in

marine research being made a National rather than a Departmental

affair. The movement for nationalisation began with a view

to centralising administration, but the opposition of Scotland

to the scheme was sufficient to bring it to an untimely end.

Nevertheless, even if it were found too difficult to unify adminis-

tration, it was obviously more than desirable to take steps to

co-ordinate fishery and marine investigations, while recognising

and admitting that administration should be closely identified

with investigation. Home Rule in both respects is uneconomical

and ineffective. Legislation, w^hich should be national in character,

tends to be hindered rather than promoted, and moreover political

boundaries have no significance in the sea. From the point of

view of research it ought to be recognised and understood that

our coasts are intimately linked together and with the seas around

our islands.

"When new schemes of research in fisheries are formulated,

it appears to be forgotten or overlooked that a vast accumulation

of material is in existence resulting from the many investigations
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which have ah-eady been made, and that much of this has not yet

been sufficiently analysed. Before starting upon these new
schemes we ought to be in a position to answer the following

questions :

—

{a) What do we want to know that we do not know ?

(6) Are we sure that the knowledge is not already

available ?

(c) How do we propose to obtain the requh'ed informa-

tion ?

It may be urged and with reason that all kind of work relating

to the sea is essential and important, and that it is undesirable

to limit it to j^roblems which may be defined as of economic import-

ance. The demarcation bet\Aeen Applied and Pure Science is by

no means always apparent, and indeed a great deal of the work

which lies before us may be said to belong to the domain of the

latter. It is to be hoped, therefore, that whatever the control

may finally turn out to be, the resources of the country with

respect to the Marine Laboratories, the Universities and the

Museums will be fulh^ utilised before new schemes involving

additional expenditure are considered.

ALEXANDER MEEK.

Slst October, 1919.
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HERRING INVESTIGATION, 1918.

By DOROTHY COWAN.

During the herring season of 1918, twelve samples, 3,000 fish

have been examined. As the fishing grounds were determined

by the Naval Authorities, and all the vessels fished in a com-

paratively small area, the samples are representative of the fish

landed

.

With the exception of the samples from Berwick and one from

North Shields, the herrings have been examined in curing houses

in order to allow of the fish being cured and put on the market

for food. Thanks are due to all who facilitated the work, especially

to Mr. Richard Dawson whilst he was at North Shields, and to

Mr. Peter Cowie, of Berwick. The first sample from Berwick

and one from North Shields, which were examined at the Laboratory

were used at the request of the Board of Agriculture and Fisheries

for the purpose of obtaining racial characters. Copies of the

measurements and the age composition of the samples have been

forwarded to the Board.

The date and origin of the samples are given in Table I. Chart

1 gives the localities from which they were taken, and show^s that,

with the exception of sample Al, the fish examined came from

the ordinar}^ fishing ground of the Northumberland and Durham
coasts.

Particulars as to size and age are given in Tables II. and III.,

and following the plan adopted in former years a further analysis

of size and age is given in Table IV.

The predominant year class during the season of 1918 was

that with three winter rings, and this year class comprises from

forty to sixty per cent, of the fish examined in all samples, with

one exception. The exception is sample 1, which contains 46 per

cent, of herring with four winter rings. It was taken fairly early

in the season, 12th Juh% and the place of capture was, as will be
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seen on Chart 1, nearer the shore than any of the other samples.

The number of fish with two winter rings is -small, the highest

percentage being found in sample A2, which came from the most

northerly localit}^ of the Northumberland coast. This sample

was taken 2nd August, and contained the smallest percentage of

fish with four and five winter rings, and was made up of much

smaller fish than any of the other samples.

Last season herrings with four winter rings were found to be

predominant, but this year fish of that age are not so abundant

as those a year younger, and comprise only from twenty to

thirty per cent, of the samples. In no sample were herrings with

five winter rings so plentiful as to form twenty per cent, of the

sample, and older herrings were few in number.

As in previous years, the herrings of the Northumberland

coast have been found to belong to a shoal or shoals of young

fish varying in age somewhat, but having iew individuals with

five or more winter rings shown on their scales. During the

seasons of 1916 and 1917, herring with four winter rings were

predominant, but the shoals of last season were younger by

approximately one year.

The only sample which resembles the samples of 1917 is

sample 1, but the age composition of the other samples makes it

quite clear that this sample cannot be taken as representative

of the shoals found off our coast during 1918.

The conditions under which the investigations were conducted

did not allow of detailed examination as to sex and maturity,

but general notes were made as to the condition of the gonads.

Sample A2 consisted of small fish, and the majority had gonads

at stage II. or between stages I. and II. In no case were gonads

found developed as far as stage IV., not even towards the end of

August, at which time there seemed to be little difference between

the herrings then examined and some of those examined in July.

Curers generally complained throughout the season of the soft

and oily nature of the herrings with Avhich they were dealing.

Only one landing is known of, 29th July, which was described by

the curers as consisting of good large fish, firm and maturing.
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TABLE I.

Sample.
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TABLE II.—SIZE.

CE>fTI'METRES.

Sample.



TABLE III.—AGE

Winter Rings.

Sample.
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TABLE IV—SIZE AND AGE.

Centimetres.

Sample.
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TABLE lY.—Continued.

Centimetres.

Sample.
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TABLE lY.—CoMirwcd

Cextimetres.

Sample.



17

THE HERRINGS OF THE NORTHUMBERLAND
COAST.

By B. STORKOW.

The landings of large quantities of trawled herrings caught

in the vicinity of the Dogger Bank in 1911 was considered by

Professor Meek to demand the commencement of herring investiga-

tions at CuUercoats. These were begun, and during the latter

part of 1911 and the season of 1912 opportunity was taken to

become familiar with the methods of research used by Norwegian

investigators, Hjort, Dahl and Lea, and to obtain information

relating to our local herring shoals. The chief difficulty was the

finding of a quick method for examining the herring scales for

the purpose of age determination. It is felt that this has been

accomplished. On Friday, 30th May of this year, two samples

of herring, containing altogether 400 fish, were received. The

examination of them for length, sex, development of gonads, and

the taking of scale samples was commenced at 11 a.m., and by

Monday evening, 2nd June, the age composition of the samples

was known, the examination of the scales being done by one person

only. But the general methods for the examination of herring

scales are now so well kno^\^l as to need no description.

The difference of opinion between trawl and drift net fisher-

men came to its height in 1913, and more than justified the begin-

ning of the investigations. By the end of that year we were in

a position to report on the two shoals of herring, those of the

Northumberland coast and the Dogger Bank, and to point out

the difference between them.

In 1914, at the request of the Board of Agriculture and

Fisheries, data were obtained for the purpose of racial investiga-

tions. These data were forwarded to the Board, and in addition

the Board was furnished with the age of the herrings examined.

In order to further forward these racial investigations the annual
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growth of each herring, roughly 3,200 in number, has been deter-

mined since my return, and is now published (Table II.).

In 1915, restrictions imposed on the herring fishing did not

allow of many herrings being examined, but the Northumberland

Coast shoal was sampled. Increased fishing in 1916 gave facilities

for further work, and this has been continued, the continuation

of the sampling in 1917-1918, and the age determination of 1916,

1917 and 1918 samples being done chiefly by Mrs. Cowan.

Detailed information regarding the samples examined is to

be found in previous Reports. Below are given the numbers

examined each year :

—
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AGE co:\rposTTiox or xorthumberland coast herrings.

WlNTKR RlXC.:^.

11
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five winter rings, nor the herrings of 1916 with five winter rings,

and comprising 21 per cent, of the samples being represented in

1917 by 4 per cent, with six winter rings.

The presence of a high percentage of herrings with three winter

rings in the samples of 1918 may be accounted for by the arrival

on our coast of a rich year class, but again we have no evidence

of the predominant year classes of 1916 and 1917 influencing to

any great extent the number of older fish amongst the shoals,

and the percentages of herrings with five and more winter rings

were less than in 1916 and 1917.

Another point worthj^ of attention is the small percentage

of herrings with two winter rings in the samples. In 1914 these

comprised 27 per cent, of the samples, and were more abundant

than in any other year. In the following year, 1915, the per-

centage of herrings, 67 per cent., with three winter rings was the

highest of which we have any record. But there is no sign in the

samples of 1917, Avhen the fish with two winter rings represented

less than one per cent, of the fish examined, that in the following

year, 1918, herring with three winter rings would be the pre-

dominant year class. It cannot be said that the number of

herrings with two winter rings gives an indication of what the

age composition of the shoal will be in the following yesir. There

is a slight indication in 1914 but not sufficient to give reason

for expecting in 1915 that herrings with three winter rings would

be present in such a high percentage as 67. Whilst the drift net

may be selective as regards the size of the fish caught, yet had

henings with two winter rings been present in the shoals fished

in 1917 in sufficient numbers to make herrings with three winter

rings the predominant year group of 1918, they ought to have been

represented in the samples by more than one per cent., or the mesh
of the nets used has been much greater than that used in other

years. Also, if the small percentage of fish with two winter rings

be attributed to the selective power of the method of fishing this

is more e\ddent in 1916 and 1917, and to some extent in 1918,

than in the other j^ears. It is not thought that the low percent-

age of herrings with two winter rings is due to selection arising

from the method of fishing, but that these fish are not present in

any great number in the shoals fished. In support of this, there

is a sample of Northumberland Coast herring caught by trawl
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net ill 1914, and the percentage of herrings with two winter rings

was 26-8 per cent.*

It would appear then that not only are the herrings of the

Northumberland Coast shoal young fish, but that they come to

this locality after the formation of the third winter ring, return

the following year if not captured, and then leave the district,

few^ returning after the formation of the fifth winter ring. Where

they come from cannot be stated, but an attempt will be made later

to show the probable migrations of the fish after leaving the North-

umberland coast.

The samples of 1916 give further information respecting the

herrings with three and four winter rings, and show a distribution

of year classes along the coast influenced by locality and time.

From the Fame Islands to the southern portion of the Durham
coast, slightly north of the mouth of the Tees, the herrings with

three winter rings during June and the beginning of July were

more abundant, and the age composition of the samples was lower

than that of the samples caught to the north and south of this

area.

Localities from whence the samples of 1916 came are shown

on Chart I., page 33.

Samples 1, Bl and B2 were taken 6th June, 30th June and

1st July respectively. They were caught south of the Fame
Islands, and represent the herrings from the northern portion

of the area under consideration. The age composition of these

samples was as follows :

—
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Samples Al and A2 were caught north of the Fame Islands

on 27th and 28th of June, and had a higher age composition than

samples 1, Bl and B2. The age composition of samples Al and

A2 was as follows :

—

Winter Uings.

2 3 -1 5 6+

Sample Al
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rings were found in higher numbers. These conditions are similar

to those which obtained in 1916, except that in 1916 the

area in which segregation took place was of greater extent, and
the herrings were older and the evidence of segregation disappeared

in the latter part of July with the immigration of older herrings.

The age composition of the samples of trawled herrings from
the Dogger Bank and off the Yorkshire coast has been shown in

previous reports to differ from that of the Northumberland Coast

herring in that every year the samples contained older fish, and
different year classes predominated.

Spawning.—During the period of our investigations there

has been little evidence of spawning to any extent in the waters

of the district, and most of the evidence we have has been obtained

from haddocks which have been feeding on herring eggs. No
sample of spawning fish has been examined, and the sample con-

taining most mature fish came from 12 miles east of Craster, 26th

August, 1916, and had about 25 per cent, of full fish ready for

spawning.* Since 19i5, we have received reports of the presence

of full fish, larger and more developed than the general run of

the herrings landed at the ports in the latter part of August, and
occasionally records of spent fish have been received. On the

4th and 5th of October, 1915, large ripe fish, the roe and milt

running, were landed at North Shields, but not in any great

quantity. " Spawn}^ " haddocks have been landed by trawlers

in the latter part of August and in September, and records of .their

place of capture have been given in previous reports.

Although evidence of full and spaA\aiing fish has been more
plentiful since 1915, we have no evidence to show that our coast

has been a spa^vning ground to anything like the extent as would

appear to be the case some tw^enty years ago when the shoals of

Berwick Bay, the Longstone, and Craster Smooth provided the

chief fishing of the district. Fishing for herrings then began in

August, at the earliest towards the end of July, and was continued

into September. The herrings passed from mature to spents

towards the end of August, and were replaced by a shoal of smaller

but full herrings. Berwick Bay and Craster Smooth yielded

hemngs about ten inches in length, which is about the average

* Report, New Series, VI., page 11.
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size for herrings with four winter rings, and these were classified

by herring curers as mat -fulls. Larger herrings were caught on

the ground to the north-east of the Longstone.

Fishing now begins as soon as the herrings appear off the

coast. In April drifters come to North Shields. They catch

herrings for bait for line fishing about 100 miles from the port,

and as soon as the young herrings come nearer the coast the shoals

are fished, and the fishery is pursued with increasing intensity from

May to September, smaller quantities being caught towards the

middle and end of September and the beginning of October. For

the five years, 1910 to 1914, the yearly average of Northumberland

Coast herrings landed at the ports of Northumberland w^as 508,000

cwts. It is not urged that protective measures ought to be taken

in connexion with our local herring shoals, as so far as is known
the fishing is still highly productive. But it is thought desirable

to draw attention to the intensity with Avhich the shoal is fished,

to the length of the fishing season, to the age composition of the

shoal, and to compare the area as a spawning ground with its

position some twenty years ago.

Growth (Table I.)—When reporting on the herrings examined

in 1913,* a table was given to show the average size at the forma-

tion of the winter rings for each year group of the samples. This

method of analysis is considered deficient in that it does not show
the variation which occurs, and whilst the average growth of the

Northumberland Coast herring differs from that of oceanic herring

as sampled by Hjort at Stornoway and the Shetlands,t i^ i^ i^o^

thought that the growth determinations expressed as averages

can yield the whole of the information desired and show^ differ-

ences, if any exist, for shoals of North Sea herrings.

The period elapsing between hatching and the formation of

the first winter ring varies according to the spawning time of the

adult. It is therefore assumed that any difference of growth

between two or more shoals of herring will be most evident from a

consideration of the grow^th made to the formation of the first

winter ring, and also that any mixing of shoals as suggested by
Hjort and Lea for a sample of herrings caught off Grimsbyt will

* Report New Series, III. t Pub. de Cir., No. 53.

I Pub. de Cir,, No. 61, page 9.
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be evident from similar treatment of the samples. Hjort's Grimsby

sample gave less evidence of mixing as the herrings grew older,

and the growth attained at the formation of the third winter ring

more nearly approached uniformity.

The first year growth of a number of the herrings examined

at Cullercoats has therefore been determined and expressed to

the nearest centimetre, a growth of from 7-6 to 8-5 being taken

as 8 cms. The whole of the samples for 1913, 1914 and 1915 have

been treated in this manner. Time has not allowed of a similar

treatmej^it of the whole of the samples of other years, but selected

samples have been examined.

1913.—The samples of 1913 were small, especially at the begin-

ning of the investigations. The table setting forth particulars

relating to growth is therefore slightly different from the rest of

the tables w^hich give similar data, but it is thought the table will

be found to supph^ sufficient detail fox" purposes of comparison.

Herrings with two winter rings from the Northumberland

Coast shoal (A to M) had on the whole a greater first year growth

than those from the shoals of trawled herring (N to X), the parti-

culars relating to them being summarised as follows :

—
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Both the herrings of three and four winter rings of the North-

umberland Coast shoal give indication of the immigration into the

shoal in August of fish with a comparatively large first year growth.

This change, which is followed in September by an immigration

of fish with a slightly smaller first year growth, is not so evident

as in 1914, and the size and the scattered nature of the origin of

the samples make it desirable that this immigration be dealt with

when considering the samples of 1914.

1914.—The greater part of the herrings with two winter rings

in the samples of 1914 had made a growth of from 9 to 12 cm to

the formation of the first winter ring. These fish w^ere found in

the samples in varying numbers, and as has already been pointed

out the numbers varied with the position of capture (page 23).

The first year growth of these fish also varies, and the variation

would appear to depend upon the numbers in which they were

present in the samples. If the samples are arranged so that the

sample with the greatest number of herrings with two winter

rings comes first and that with the smallest number last, it is

seen that the growth attained up to the formation of the first

winter ring increases as the numbers decrease.

Percentage at Centimetres.

Sample. -i 5 G 7 8 9 10 11 12 13 14 Xos.

2 115

1 110

78

10 ... — 1 3 6 12 11 27 15 17 6 1 06

4 ... — — — -4 8 15 25 30 9 9 — 53

9 ...— — — — 5 19 29 26 21 — — 42

6 ...— — — — 5 10 18 39 18 8 1 39

3 ...— — — — 6 3 11 28 36 17 — 36

8 ...— — — — — 3 13 45 29 10 — 31

Sample 10 is somewhat different from the other samples,

suggesting a mixture of fish with different first year growths.

It will be seen later that this sample shows a change of growth

for herrings with three and four winter rings.

The herrings with three winter rings were the predominant

year class. The first sample exammed, sample 1, was taken

30th April 100 miles east of the Tyne. It contained 49 fish, 10-5

per cent., with three winter rings, and the growth of these fish

up to formation of the first winter ring is so like that for the fish

7
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of similar age in sample 2 that it would appear the herrings of

three winter rings present 100 miles from the coast at the end

of April had by the middle of May arrived on the grounds of the

Northumberland Coast herrmgs. The bulk of the fish had in their

first year made a growth of from 8 to 11 cm. ; 80 per cent, with

this growth Avas in sample 1 and 81 per cent, in sample 2, or

expressed differently, samples 1 and 2 contained 56 and 57 per cent,

respectively, with a growth of from 8 to 9 cm., and both had 14

and 10 per cent., with a growth of 10 and 11 cm. It was stated

when reporting on the samples of 1914* that sample 1 consisted

of recovering spents and virgin fish, and that the gonads owing

to their condition gave difficulty in the exact determination of

their state. It would appear from the above that at this time of

the year, April, when it is stated bj' fishermen that the}^ can catch

sufficient herrings for bait purposes almost anywhere in the North

Sea, that there is a mixing of shoals, which is followed b}^ segrega-

tion of the younger year groups to partake of a feeding migration

to waters nearer the coast.

The first year growth to the nearest centimetre for the herrings

of three winter rings in the 1914 samples is here expressed in per-

centages :

—

Percentage at Centimetres.

Sample.
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in the season. The growth increments made by the herrings in

1914 showed a somewhat similar change as follows :

—

Growth increment made during 191-i by
herrings with

Sample.
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of the same age in samples 2 to 10, being as follows :—1 at 9 cm.,

2 at 10 cm., 1 at 11 cm., 2 at 12 cm., 2 at 13 cm. and 1 at 14 cm. .

The first year growth made by herrings of three and four

winter rings in sample 11 was as follow^s :

—

Percextage at Centimetres.

Winter

Rings.
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from the other localities, the samples for this year class, as also

for the year class with two winter rings, points to a mixture of at

least two growth groups, one having a growth similar to the

herrings of the Northumberland coast and the other group having

a larger growth.

1915.—The samples of 1915,''= whilst only three in number,

allow of comparison between Northumberland Coast herrings

(sample 1) and those traAvled from the Yorkshire coast, about

70 miles E.S.E. of the Tyne (samples 2 and 3).

The first year growth of fish with two winter rings in these

samples expressed as percentages was as follows :

—

Percentage at Centimetre?.

Sample. 4 5 6 8





©

AiAi

A^ diBz

D(

©

5 6

ORIGIN OF HERRINQ SAMPLES OF 1916.
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Northumberland Coast shoal was limited by the Fame Islands

to the north, and the region of the mouth of the Tees to the south,

and also that during August the herrings with four winter rings

were more abundant in the northern portion of the fishing ground

than the southern. A consideration of the first year growth of

the samples for which the growth has been calculated shows a

somewhat similar limitation of the shoal, especially in the south,

and also a distribution along the coast according to the first year

growth, the herrings with the greater first jenr growth being more

plentiful in the southern portion.

The samples of June and early July, for which the first year

growth has been determined and their date of capture, are Al,

27th June ; Bi, 30th June ; 2, 6th June ; CI, 13th July. The

position of capture will be seen on Chart T.

The first year growth of herrings with four winter rings

indicates a slight difi^erence between samples Al and Bl, the

former having more fish with a first year growth of 8 cm. and

over than the latter. Sample 2 coming from the southern portion

of the fishing ground contains fish with a greater first year growth

than those from the northern portion, samples Al and Bl ; and

sample CI, marking the southern limit of the grounds, gives

evidence of a mixture of fish having a similar first year growth

to those of sample 2, v/ith fish having a smaller first year growth.

The first year growth of herrings with four winter rings in these

samples here follows :

—



34

Percentage at C'ExriMETRES.

Sample.
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Tlie August samples, A2, 4, 10, came from practically the

same locality on the 2ncl, 6th and 22nd respectively. They

indicate in the case of the herrings with three winter rings the

joining of the shoal in August of fish with a comparatively large

first year growth, and towards the end of August the coming of

fish with a smaller first year growth.

The first year growth for herrings with three winter rings was

as follows :

—

Percentage at Centimetres.

Sample. 4 .3 G 7 8 9 10 11 12 13 14 :No3.

A:' — — 2 12 2.3 28 22 8 2 — — 126

4 _ _ _ 1 18 33 30 14 5 — — 101

10 — — 2 15 31 35 14 3 — — — 104

Herrings with four winter rings were not the predominant

year class in 1918, and sample A2 contained fifteen fish only of this

age. Th3 other two August samples show the same difference for

fish with four winter rings as they do for those a year younger.

The first year growth was as follows :

—

Percentage at centimetres.

Sample. 4 5 6 7 8 9 10 11 12 13 14 Nos.

A4 _ _ _ 6 39 34 20 1 — — — 70

10 — — 2 26 31 27 12 1 — — — 81

From the foregoing consideration of the first j'ear growth

made by the herrings of the Northumberland Coast shoal it would

appear that there are continued additions to the shoal throughout

the season. The herrings appear off the coast in May coming

from deeper water, being in April 100 miles from the coast (sample

1, 1914). During June and July there are additions to the shoal

of fish which have made a comparatively small first year gro^wth,

and these are followed in August by fish with a larger first year

growth, which in sample 10, 1914, showed a decreased growth

for the year of capture. In September, there is a further addition

to the shoal of fish with a comparatively small first year growth.

It is assumed that these changes are brought about by
immigration into the shoal and not by emigration from it. Whilst

emigration may take place there is no evidence of it, and it is

thought that the heavy fishing to which the shoal is subjected

makes immigration necessary to maintain the herring population

of the fishing ground.
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It would appear also that the shoal increased in extent after

the restrictions of 1915. It extended in 1916 as far south as the

mouth of the Tees, evidence of mixing of growth groups being

obtained from this region. The extent northwards is difficult

to estimate from the first year growth, but from a consideration

of age composition the Fame Islands in 1916 seem to be its northern

limit. In 1917, the shoal, viewed from the first year gcoAvth,

extended north of St. Abbs, and gave evidence of mixing about

the region of the Coquet. If the shoal had moved north to this

extent in 1917 and had its southern limit in the vicinity of the

Coquet, the same cannot be said with any certainty to have

obtained in 1918. Sample 1 of 1918 may be taken a;^ giving slight

indications of mixing, and the fish with four winter rings of samples

4 and 10 had a first year growth which reminds one of the growth

of the samples from the southern portion of the region in 1916.

The distribution along the coast according to the growth

attained at the formation of the first winter ring, as observed in

the samples of 1916, is of interest, but it cannot at present be

c<»nnected with any other phenomenon.

Return of Herrings to the Shoal.—By considering the

first 3^ear growth of the different age groups in their successive

years, e.g., by taking the herrings of two winteL* rings in 1913,

and so on to the fish with five winter rings in 1916, an indication

will be given of the extent to which the herrings of the Northum-

berland coast return to the same ground with increasing age.

This has been done for four j-ear groups, the fish with two winter

rings in 1913, 1914, 1915 and 1916^

All the samples for which the first year growth has been

determined are not included in their respective years. The aim

has been to fairly represent the shoals, and where changes have

been observed, as sample 10 of 1914 and sample Dl of 1916, which

contained 25 per cent, of fish ready for spawning, and where a

year class is very poorly represented these samples have been

omitted. Whilst the omitting of a sample has been considered

the fairest way of considering the matter with our present know-

ledge, yet in seme cases little difference is shown in the final

percentages determined.

The herrings with two winter rings in 1913 had a much larger

first year growth than those of three, four and five winter rings
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But there is a considerable difference between the first year

growth of fish with two winter rings in 1918 and the first year

growth of any of the older fish of this or other yesi£s, and this

factor is probably explained by the work of Professor Meek, in

which he showed that the relationship between the size of the

scale and the length of the herring varied with size and age.*

The Firth of Forth Herring.—A sample of herrings was

obtained from the Firth of Forth, between Prestonpans and Mussel-

burgh, on the 1st of February, 1917, and the age composition of

this sample was given in the Report for that year. Owing to the

edge of the scale and the last winter ring cohiciding the age of the

sample has been reported * as being a year j^ounger than it was.

There was no fish in this sample with less than five winter rings,

and the fish from the state of the gonads came from a spawning

shoal.

There is a close relationship between the first year growth

of the herrings of this sample and that made by the herrings of

the Northumberland Coast shoal. Samples 4 and 5 taken 1916,

and representing the herrings present off our coast in August, in

w^hich month herrings with four winter rings have been shown to

join the local shoal, have a first year growth for fish with four

winter rings very like that of the Firth of Forth herrings. Sample

Dl is not used for the purpose of comparison, for it has been stated

that this sample contained 25*per cent, of fish ready for spa^aiing.

The samples of 1917 had also a similar first year growth for fish

with five winter rings. The particulars here follow :

—

12



Percentage
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After 1914 war conditions affected the herring fishing, and

comparsion cannot be made.

The samples of 1914 showed a change in the growth increment

made during that year, fish with a small growth for 1914 being

found in sample 10. Herrings with thi'ee winter rings in 1914

would have six winter rings in 1917, and in order to see if this

difference of growth has any connexion with the Firth of Forth

herrings the growth made by fish with six winter rings in the

Firth of Forth sample during the periods between the formation

of the third and fourth and fourth and fifth winter rings has been

determined and is shown graphically on the opposite page, together

with similar details relating to the growth of herrings with five

winter rings. It will be observed that the Firth of Forth sample

contains fish which during the years under consideration made
varjing growths.

The connexion shown above between the herrings of the

Northumberland coast and the winter fishery of the Forth of Forth

naturally brings forward the question of the spa^^iiing which is

known to take place off the Xorthumberland coast in August and

September. The opinion held at present, but which is open to

modification with the obtaining of additional data, is that the

3'oung herrings on attaining first maturity ma^^ spawn in the

autumn, and that these may be joined b}^ older fish maturing at

the same time ; afterwards the herrings which passed their earlier

years in summer and autumn shoals off the Northumberland

coast tend to become spring spawners in the Firth of Forth.

It is not intended at present to express any opinion as to

spring and autumn spawning heriings in general, or as to what

extent other summer shoals of the North Sea may be spring

spa^vners, but it is hoped that the investigations now being con-

ducted will throw further light upon the subject.
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TABLE I.—1913 SAMPLES

FIRST YEAR GROWTH.—HERRINGS WITH TWO WINTER RINGS.

Centimetres.

Sample.
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TABLE I.—1913 SAMPLES.

FIRST YEAR GROWTH.—HERRINGS WITH THREE WINTER RINGS.

Centimetres.

Sample.
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TABLE I. -1913 SAMPLES.

FIRST YEAR GROWTH.—HERRINGS WITH FOUR WINTER RINGS.

Centimetres.

Sample.



48

TABLE I.—1913 SAMPLES.

FIRST YEAR GROWTH —HERRINGS WITH FIVE WINTER RINGS.

Cextimetres.

Sample.



49

TABLE I.—1913 SAMPLES.

EiRST YEAR GROWTH—HERRINGS WITH SIX AND IMORE WINTER RINGS.

Centimetres.

SanipK'.



50

TABLE I. -1914 SAMPLES.—FIRST YEAR GROAVTH.

Cextimetres.

Sample.
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TABLE I.—191i SAMPLES.—FIRST YEAR GROWTH.

Centimetres.

Sample.
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TABLE 1—1914 SAMPLES.—FIRST YEAR GROWTH.

Centimetres.

Sample.
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TABLE I.—1916 SAMPLES.—FIRST YEAR GROWTH.

Centimetres.

Sample.
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TABLE I.—1916 SAMPLES.—FIRST YEAR GROWTH.

CENTIMETRES.

Sample.
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TABLE I.—1917 SAMPLES.—FIRST YEAR GROWTH.
Centimetres.

Sample.
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TABLE I—1918 SAMPLES.—FIRST YEAR GROWTH.

Centimetres,

Sample.
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TABLE II.—1014 SAMPLES.—GROWTH.

sa:\IPLE 1.—"Winter King--, 2 and 3.

No.
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SAMPLE 1 Continued.—Winter Rings, 4.

No.
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SAMPLE 1 Continued.—">YlNTER lliXGS, 4.

Xo.
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SAMPLE 1 Continued.—"Winter Ring?,

Xo.
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SAMPLE 1 Continued.

—

Winter Rings, (5.

No.
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SAMPLE 1 Continued.—Winter Rings. 6.

Xo.
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SAMPLE 1 Continued.—Winter Rings, 7 to 9.

^'o.
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SAMPLE 2.—Winter Rings,

Xo.
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SAMPLE 2 Continued.—Winter Rings, 3,

Xo.



SAMPLE .3.—Winter Rings, 2.

No.
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SAMPLE 3 Continued.—Winter Rings, 3

No.
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SAMPLE 3 Continued.—WixTER Rings, 4.

No.
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SAMPLE 3 Continued.—Winter Rings 6 to 10.

Nn.
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SAMPLE 4.—Winter Ring?, 2.

ISO.
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SAMPLE 4 Continued.—Winter Rings,

Xo.
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SAMPLE -Winter IIings, 2.

No.



74

SAMPLE 5 Continued.—Winter Rings, 8.

Is^o.



75

SAMPLE 5 Contiuued.—Winter IIings, 4.

Xo.
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SAMPLE 6.—Winter Rings, 2.

Xo.
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SAMPLE G Continued.—Winter Rings, 3.

No.



78

SAMPLE Continued.—Winter Rtngs 4

No.



79

SAMPLE 7.—Winter R[NG«, 1 and

No.



80

SAMPLE 7 Continued.—WiNTRR Rtng?, 3.

No.
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SAMPLE 7 Continued.—WiXTER Rrxa;^, 4 to

^'o.



SAMPLE

82

-Winter Rings, 2.

No.



83

SAMPLE 8 Continued.—Winter Ring?,

No.



84

SAMPLE 8 Continued.—"Winter Ring=!, 4.

No.



85

SAMPLE 8 Continued—Winter Ring?, 5 to 9.

Xo.



86

SAMPLE 9.—Winter Rings, 1 and 2.

^0.
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SAMPLE 9 Continued.—^VlNTER lllNGS, 3.

Cm.
23-5

23-5

23-5

23-5

23-5

23-6

23-6

23-6

23-6

23-6

23-7

23-7

23-7

23-7

23-7

23-7

23-7

23-7

23-8

23-8

23-8

23-8

23-8

23-8

23-8

23-8

23-8

23-8

23-8

23-9

23-9

23-9

23-9

23-9

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

24-0

241
24-1

24-1

24-1

8-4

lU-5

.5-8

9-0

7-4

lO-l

8-4

7-1

4-4

9-3

8-4

10-9

8-9

8-8

7-4

9-7

8-8

8-5

9-2

8-9

7-6

7-0

7 -.5

7-9

7-9

10-7

7-9

6-4

8-4

5-9

7-3

10-6

6-7

8-3

10-7

8-2

9-9

10-9

9-.5

10-1

11-1

9-5

7-7

6-9

8-7

9-3

8-0

8-4

7-7

i7-r>
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SAMPLE 9 Continued—Winter Rings, 3.

Xo.
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SAMPLE 9 Continued.—Winter Ring?, 5 to 8.

Kg.



90

SAMPLE 10.—Winter Rings, 1 and

Xo.



91

SAMPLE 10 Continued.—Winter Rings, 3.

Ko.



92

SAMPLE 10 Continued.—Winter Eings, 4

Xo.



93

SAMPLE 10 Continued.—Winter Rings, 5 to 9.

Xo.



94

SAMPLE 11.—WiXTER Riyas, 2.

No.



95

SAMPLE 11 Continued.—Winter Rtng?, 3.

No.



96

SAMPLE 11 Continued.—Winter Rings, 5.

1^0.



97

SAMPLE 12.—Winter Rings, 2,

No.



98

SAMPLE 12 Continued.—^TlNTER Ring?, -1.

-N-o.
!
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SA3IPLE 12 Continued.—WiNTKK Ring.-, 6

No.
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SAMPLE 13.

—

Winter Rings, 1 and

Xo.
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SAMPLE 13 Continued.—Winter Rings, 4.

No.
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SAMPLE 1?. Continued.—Winter Rings, 6 and 7.

Xo.
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NOTES ON THE AGE AND GROWTH OF FISH.

By B. STORROW.

BALLAN WRASSE, Labnis hergylta.

In the report for the year ending June 30th, 1916, an account

was given of a young ballan ^Tasse which came from a rock pool

at Cullercoats, and was kept in the Laboratory tanks. The fish

w^as from two to three centimetres in length when captured in

August, 1915. A size of eight centimetres was attained by 17th

Januarj^, 1916, and the scales of the fish, photographs of which

were given in the report for 1916, showed two summer gro^\i;hs,

with a stoppage of growth between. More scales were taken

from the fish on 24th May, 1916, when the length was still eight

centimetres, and the scales gave no indication of growth having

begun for the summer of that year.

The accompanying photographs show the scales taken from

this fish on 10th August, 1916, and 20th August, 1917, the length

of the fish being 8-9 and 12-2 cm. respectively. The winters inter-

vening between the summer gTowths are clearly marked, and the

scales gave a reading which coincides with the kno^Ti age of the

fish.

It will be observed that the growth made for the third summer
was small compared ^\ith those of the second and fourth summers.

During this period the laboratory attendant frequently reported

that the fish was not feeding as it had done, and attempts were

made by introducing mysids and amphipods into the tank to

provide conditions somewhat similar to those found in the sea

near low water, but no improvement in feeding was observed.

Three scales were taken from the fish on 10th August, 1916,

and these when expressed in terms of the length of the fish give

the following average growth :

—

Winters.

Length. First. Second.

8-9 ... 3-6 ... 7-8
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On 20th August, 1917, seven scales were taken, and they gave

the following growth :

—

Winters.

Length. 1 2 3

12-2 ... 3-6 ... 7-7 ... 9-2 average.

3-3—3-9 ... 7-4—S-0 ... 8-8—9-5 range.

When previously reporting on this fish it was stated that

3-7 cm. was the growth for the first year as determined from the

scales. It is known also that on 17th January, when growth for

the second winter was stopped, the length of the fish was 8 cm.

From this it would appear that the growth of the fish as calculated

from the scales is approximately correct, providing a number of

scales is examined, and the average taken.

A small ballan wrasse, 12 cm. long, was taken in a rock pool

at Cullercoats, 8th June, 1918, and is of interest in that its scales

show a similar growth to the young fish which was kept in the

aquarium tanks. A photograph of a scale from this fish is here

given.



P^

.=^-C*.^





SCALE OF BALLAN WRASSE.

Fvock pool, Gullevcoats, 8th June, 1918, 1*2 cm.
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