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Introduction and General Account of the Work.

The work of the past year has been chiefly :
—

(1) The hatching operations and other similar work

carried out at Piel by Mr. Andrew Scott

;

(2) Laboratory investigations by Mr. Johnstone at

Liverpool

;

(3) Analysis and discussion of our fishery statistics

;

(4) The work of the circulating Fisheries Exhibition

;

(5) Practical Laboratory Classes for Fishermen ; and

(6) I may add my own work in connection with the

Eeport of the Ichthyological Research Committee, which

has a considerable bearing upon our local investigations.

Some of these matters which can be treated shortly I



shall remark upon here ; the ot/hers will be discussed more

fully in the separate sections that follow.

This year we have no appendix on a marine animal of

economic valvie, like the detailed work on the Plaice, by

Mr. Cole and Mr. Johnstone, which adorned the Report last

year ; but we have several such in progress—on the Oyster,

on the Fisherman's Lug-worm, on the Edible Whelk, and

others—which we hope may appear in future Reports.

The Piel Hatchery.

Mr. Scott's account of the Sea-Fish Hatching work at

Piel will be found in the next section of the Report.

During this year we have added Plaice to the Flounders

dealt with previously. The result has been, because of

the larger size both of the adult fish and of the ova, and

therefore the impossibility of accommodating so many
spawners in our very limited space, a diminution in the

total number of ova dealt with and of fry set free. But

still over a million of young Plaice and over ten millions

of young Flounders have been set free during the

season in our district. Our greatest want in this connec-

tion is a large spawning pond, which could be used in part

for the adult fish and in part for the rearing of the young.

We are unable to do anything in that direction until this

Want is supplied. The pond at the Aberdeen Hatchery

is, we understand, proving a success ; and the new

hatcihery «"hich has been erected by the Manx Govern-

ment in connection with the Biological Station at Port

Erin has a pond measuring nearly 100 by 50 feet, and

from 3 to 10 feet in depth, which it is hoped will enable

adult fish to be kept all the year round, and will also serve

for the rearing of young both of fish and lobsters. It is

not too much to say that no hatchery is complete without

a spawning pond, and that the want of one at Piel seriously



impedes Mr. Scott's operations. We are now preparing

for the work of the coming season, and again we are

indebted to the courtesy of the Fishery Board for Scotland

for permission to tmwl for large plaice in their closed

waters of Luce Bay.

Mr. Scott also gives us an interesting account of the

method of spawning of the Lobster, as observed by him in

our Hatchery at Piel; and a discussion of some results

that have been reported of the success attained by trawlers

in fertilising fish eggs at sea.

Mr. Scott reports that the Laboratory at Piel has been

occupied by several scientific workers during the year.

In addition to our own Assistants, Mr. Scott and Mr.

Johnstone, who were occupied both in research and also

with practical classes for fishermen, we had, during the

Easter vacation. Dr. H. Lyster Jameson, from the

Municipal Technical College at Derby, who continued his

investigations on the formation of pearls in marine

mussels. Dr. Jameson has since published a paper on the

subject in the Proceedings of the Zoological Society, which

deals with the observations made at Piel and elsewhere.

Mr. Joseph Pearson, B.Sc, and Mr. Walter Tattersall,

B.Sc, two research students from University College,

Liverpool, worked at general Marine Zoology during

September. Amongst other Scientific or Technical

visitors wha have been at Piel during the year to inspect

the laboratory and see the progress of our work were the

following :
—

Mr. C. E. Fryer, Inspector of Fisheries, Board of Trade.

Dr. H. Timbrell Bulstrode, Local Government Board.

Sir J. T. Hibbert, Chairman of the Lancashire County

Council.

Mr. F. J. Ramsden, Furness Railway Company.

Dr. Snape, Director of Technical Instruction, Preston,



Mr. John Fell, Chairman, Sea-Fisheries Committee.

Mr, James Fletcher, 8ea-Fisheries (bmmittee.

Colonel Turner, Sea-Fisheries Committee.

Mr. J. P. Mnspratt, County Offices, Preston.

Mr. B. A. Dawson, Preston.

Mr. J. Shepherd, B.Sc, University Tutorial College,

London.

Rev. T. Fowler, Flookborough.

Professor Herdman, Liverpool.

Also the Chairman and Members of a number of the

Lancashire local Technical Instruction Committees, the

Barrow Field Naturalists' Club, and parties from Liver-

pool and Manchester.

Fisheries Exhibition.

The Travelling Fisheries Exhibition, which was sent

to Piel in 1900, was lent to the Barrow Town Council from

October, 1901, to April, 1902. It was then returned to

Piel, where it is still exhibited.* In Barrow the Exhibi-

tion was sihown in the Public Library, and the Town
Council report to us that " The Exhibition Sub-Committee

feel that the result of obtaining- the Fisheries Exhibition

for the use of the public has been a success, and has

encouraged the hope that it is only the forerunner of the

establishment of a permanent Museum in Barrow. The

interest shown in the exhibition, particilarly by the school

children, leads the Committee to believe that it has

undoubtedly been of educational value.'

Classes for Fishermeji.

Two practical Classes for Fisherme i, on the same lines

as those held in former years, and subsidised as before by
the Techiiical Instruction Committee, were held at Piel

* Any other Museums or Public Institutions within the
contributing counties desiring to have the Fisheries Exhibit on loan
should apply for a copy of the conditions.



during ilie liatdhing- season of 1902. The following are

the dates and the names of the men who attended :
—

(1) April 7th to April 18th—John Wright, Southport;

Robert Wright, Southport ; J. Bond, Banks ; Richard

Abram, Banks ; Thomas Rimmer, St. Annes ; Isaac

Dobson, St. Annes ; Peter Whiteside, Lytham ; W. Croft,

Fleetwood ; J. Croft, Fleetwood ; S. P. Colley, Fleetwood
;

Robert Blundell, Fleetwood ; William Beesley, More-

cambe ; William Woodhouse, Morecambe ; John Johnson,

Morecambe ; Edward Gardner, Morecambe.

(2) April 28th to May 9th—Heniy Wright, Southport

;

Daniel Rig'by, Southport ; Richard Robinson, Southport

;

Robert Johnson, Southport ; Alfred Threlfall, Fleetwood ;

R. W. Gardner, Sunderland Point ; Joseph Bell, More-

cambe ; William Armistead, Morecambe; Robert Wilson,

Morecambe ; William Hartley, Bardsea ; Thomas Dickin-

son, Bardsea; Robert Thompson, Baycliff; William

Bulter, Flookborough ; Richard Burrow, Flookborough

;

Robert Burrow, Flookborough.

The classes were conducted by Mr. J. Johnstone and

Mr. A. Scott, and the course of instructioin was practically

the same as that given in the classes of previous years,

with the addition that one afternoon was spent in showing

a few simple chemical experiments of biological

importance, demonstrating the composition of air and

water, and the relation between these bodies and the

respiration of marine animals.

The student-fishermen all took an intelligent interest in

the work of the class. Many of them had brought note-

books, in which they took records of the work done and

copies of the various illustrations drawn on the black-

board. These note-books were looked over hy Mr.

Johnstone before the classes broke up, and additional

information was added, so as to render the notes more
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valuable for future reference. At the conclusion of each

class the men expressed their indebtedness to the Tech-

nical Instruction Committee and to the Sea-Fisheries

Committee for this arrangement by which they are

enabled to come to Piel and receive practical instruction

concerning the life and habits of the more important

marine animals.

From the number of enquiries we have had for informa-

tion as to the methods adopted in cariying on these classes,

it is evident that the importance of practical instruction

to iishermen on the nature, life histories and habits of the

ecoaioniic marine animals is being more appreciated each

year. Other Fisheries Authorities are now taking up the

work. The Eastern Sea-Fisheries Committee asked per-

mission for some of their men to attend at Piel along with

the Lancashire fishermen ; and amongst the enquiries

for particulars as to the methods of organisation was one

on behalf of the Japanese Minister of Fisheries. AVe give

at the end of this Report a more detailed statement which

has been recently drawn up as to the Technical Fisheries

Instruction provided under the auspices of our Committee.

Experiments with "Drifters."

It will be remembered that in. several former reports (see

especially those for 1895 and 1898) we dealt with the

surface currents of our sea which might carry tioating fish

eggs and larvfe, as determined by the distribution of

numbered " drift " bottles set free at times and localities

duly noted, and containing post cards to be filled in and

returned by the finder. As it had become desirable to

ascertain where fish eggs produced in the deep water otf

Carnarvon and Cardigan Bays, the AVelsh portion of our

extended district, would be carried to, I arranged to set

free a new series of drift bottles during my passage down



the Cliannel last winter, on tlie way to Ceylon. Conse-

quently during the first night after leaving Liverpool,

from the N.W. Lightship onwards, Mr. Hornell and I set

free 200 drift bottles, in batches of 10, thrown overboard

every half hour or quarter hour, according to the locality,

from 1.30 to 10.30 a.m. The experiment was remarkably

successful ; 118 out of the 200 bottles were subsequently

found, and Mr. Johnstone has worked out the particulars

of their probable journeys, and the evidence they give us as

to the drift of small objects in that part of the Irish Sea.

The experiment seems to prove, what was previously sus-

pected, that the eggs of fish spawning off Carnarvon and

Cardigan Bays will probably find their way into

Lancashire waters, and by the time they have come to be

post-larval will be in a position to recruit the populations

of our coastal " nurseries."

Other Investigations.

One of our former students of fishery matters, I)r. J.

Travis Jenkins, now Lecturer in Biology in the Hartley

College, Southampton,, contributes a paper to this Report

upon the question of supposed "spring" and " autumn "

races of the Herring. There are undoubtedly two main

spawning seasons for the Herring in our seas, the one in

spring and the other in autumn, and the German
Naturalist, Professor F. Heincke, has contended that it is

two distinct races of Herring that spawn at these two

seasons.

Dr. Jenkins' discussion of the known facts, and his

careful analysis and criticism of Heincke's figures and

arguments, show that we have not yet sufficient evidence

to enable us to separate the Herrings of our seas into a

" spring " and an " autumn " race.

Mr. Johnstone gives a translation of Dr. Heincke's table
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for the identification of the floating fish eggs found in our

seas, whieli will no doubt be found very useful in this

English form.

Mr. Johnstone has devoted some time during the year to

an examination of our trawling statistics collected on

the steamer and otherwise, with the result that he is able

to draw some conclusions of importance which are

discussed in his article below. He also gives us a valuable

contribution to that important subject, the comparability

of hauls taken under closely similar conditions. This

matter is fundamental for all arguments based upon

observations and statistics which are only samples, and

Mr. Johnstone's results show that we must be even more

careful than had been supposed in the collection and

comparison of such statistics, and in drawing any

conclusions from them.

On my recommendation, an application to the Scientific

Sub-Committee from the authorities of the Liverpool Free

Public Museum to Be allowed on occasions to use a small

meshed (illegal) net in and about the mouth of the Mersey

for the purpose of obtaining specimens for the Aquarium,

was granted. The report from the Museum upon the

result, which is required! by the Committee on each such

occasion, shows that along with the common animals

usually caught in the locality, there were two rarer species,

which have been obtained during the summer, viz.,

the Spotted Dragonet, Callionymus mnndntus, and a

Cirripede parasite of the hermit crab, named Peltogaster

'pagiiri. Both had been first found in our district some

years ago by the Liverpool Marine Biology Committee.

The Peltogaster had been recognised and labelled in the

Zoology Museum of University College, but the Calliony-

mus had escaped detection until noticed first at the

College Museum and then at the Public Museum by the



practised eye of Mr. Scott. This is only one of many

cases of new records to our district that we owe to the

skill and faunistic knowledge of Mr. Scott.

The important question of the pollution by sewage of

our shore fisheries, and ©specially shell-fish beds, is once

more exciting public attention. We have made contri-

butions to the subject in several previous reports, and we

now propose, in co-operation with Mr. Dawson and the

bailiffs, to make a thorough examination of the shell-fish

beds of our district, so that we may be in a position to

advise the Committee or the Public Health Authorities

upon any particular cases that may arise.

Report of the Ichthyological Research Committee.

My own chief contribution to the Report this year is

a discussion of the International North Sea Investigation

and of the Report of the Ichthyological Research Com-

mittee lately issued as a Government Blue Book. The

international scheme is an interesting scientific investi-

gation undertaken in conjunction with certain foreign

nations for three years, and in regard to the practical

utility of which, for British fisheries, opinion is much
divided.

The Ichthyological Committee has produced a report

which consists partly of a discussion of the problems that

are most important at present to the British fishing

industries, and of the manner in which these problems

must be investigated, and partly of a comprehensive

scheme for organising sea-fisheries research throughout

the country. It is recommended that Government should

constitute a "Fishery Council for England" consisting

of representatives of (a) the Board of Trade, [h) the Local

Sea-Fisheries Committees, and [c) the scientific men
directing the work of certain marine laboratories. Each
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coast of England (East, vSouth and West) is treated

separately, and each, it is suggested, should have its

own steamer for special investigations and its own
marine laboratory, existing institutions being made use

of whenever possible. If these recommendations of this

Committee, on which were representatives of several

Government departments, and of the Central Fisheries

Authorities of England, Scotland and Ireland, as well as

independent scientific men, are carried out in a liberal

spirit by the Government, they will go far, I believe, to

remedy the existing unsatisfactory state of affairs, and to

bring about a national scheme of fisheries investigation

centring in the Board of Trade, but representing all

interests—official, trade and scientific—and conducing to

the prosperity of an important industry.

W. A. HEliDMAN.

University College, Liverpool,

January, 1903.
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Sea Fish Hatching at Piel.

By Andrew Scott.

In the operations carried on during the fish hatching

season of 1902, the eggs of both plaice and flounder were

dealt with. The number of eggs incubated and fry set

free, fall short of last year's figures. This reduction is

due to the fact that the number of eggs produced by a

mature female plaice is only about one-fifth of that pro-

duced by a mature female flounder, and that this year

about half of our available space was occupied by plaice,

while the previous year it was wholly devoted to flounders.

The average spawning plaice is also considerably larger

than the average spawning flounder, and, therefore, fewer

adults can be kept. It therefore follows, that with the

limited tank accommodation at Piel, if we continue to

substitute plaice for flounder, the number of eggs for

incubation will decrease. Any such decrease in the

numbers of fry set free is, however, more than compen-

sated for by the higher value of the plaice.

As stated in last year's report, mature plaice are now

very scarce in Lancashire waters. It has been necessary,

therefore, to obtain the stock of spawning fish from the

preserved waters on the South coast of Scotland. Per-

mission to trawl in Luce Bay was very courteously given

by the Fishery Board for Scotland, and in the autumn of

1901 and 1902 visits were made to that bay with much
success, and a sufficient number of mature fish were

collected. It is to be regretted that such an area, suitable

for the habitat of mature plaice, and at the same time able

to be strictly preserved by the Lancashire and Western Sea
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Fisheries Committee, does uot exist in the coastal waters

uuder their control. We have evidence which seems to

indicate that this fish is now becom^ing less abundant than

formerly on the West coast. The difficulty of securing

mature specimens in any quantity is mentioned above,

and there is reason to think that young plaice (1st and

2nd year tish) are also undergoing reduction in the in-

shore waters.* The remedial measures in these circum-

stances easiest of attainment appear to be: (1) Protection

of the young fish on the in-shore grounds
; (2) The im-

position of some suitable size limit; (3) A hatchery in

conjunction with some preserved area. Of these remedies

(1) is difhcult to secure, for although much evidence in

favour of the preservation of certain in-shore areas

frequented by young plaice has been obtained by the

Committee, powers to effect this have not been granted

them
; (2) requires legislation of which there is still no

immediate prospect. Hatching in conjunction with a

preserved area is therefore the enly (present) practicable

remedial measure, and this we have endeavoured to adopt

by making use of the Piel hatchery and the preserved

waters of the Fishery Board for Scotland in Luce Bay.

Such a measure obviously requires the co-operation of

two of the authorities concerned in the regulation of the

Irish Sea Fisheries—the Fishery Board for Scotland and

the Lancashire and Western Sea Fisheries Committee

—

and this co-operation we have fortunately been able to

secure. To develop the method further will, however,

require an extension of the resources at our command
as far as the Piel hatchery is concerned. It is found to

be impossible to keep the adult fish in our small tanks

from one hatching season to another. An open air pond

on similar lines to the one at the Fishery Board for Scot-

* See this Report, p. 80-2.
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land's Hatchery, Bay of Nigg, near Aberdeen, woiild be

of immense value in all our hatching and rearing work.

Once the pond was stocked with fish, re-stocking would

be unnecessary except, perhaps, occasionally to compensate

for death due to unavoidable causes. The pond would

also encourage the growth of natural food for the larvae,

and thus place us, to some extent at least, beyond the

influences of weather and tides which so readily aifect

the floating food supply of the sea in a neighbourhood

such as that of Piel.

During the season of 1902 we had 00 plaice and 150

flounders in the tanks. The latter were collected in

Barrow Channel, as in former years, by Mr. Wright.

The prolonged period of cold weather in February, and

the consequent low temperature of the air and sea, had

considerable effect in retarding the maturing of the fish.

The first fertilised eggs were collected on March 6th, and

the last on May 21st. During the spawning period over

thirteen millions of eggs were collected and incubated,

and these eggs produced nearly twelve millions of fry,

which were set free about the centre of Morecambe Bay,

a locality where we have found, in various surface tow-

nettings, the fry of cod and plaice naturally hatched in

the sea. In the case of the flounder the period of incuba-

tion varied from eleven days at the beginning of the

season to seven days at the end, because of the increase

of temperature. The plaice at the beginning of the

season took seventeen days to incubate, and fifteen

towards the end. The loss of eggs during incubation

from all causes was slightly over 11 per cent.

The following tables show the number of eggs collected

and fry set free, and also the specific gravity* and tem-

''' The figures given are simply the uncorrected readings taken
with the Kiel areometers.
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perature of the sea water in the hatching boxes during the

spawning season. The temperature of the air in the

Tank House at noon of each day is also given.

Plaice.

April

March 6

10
13

18

21
24
26
29

1

5

7

11

15

19

23

26
28

3

6

10
15
21

May

Eggs Collected.

40,000

25,000

40,000

75,000

50,000
75,000

75,000

75,000

50,000

50,000
50,000

68,000
70,000

50,000

50,000
40,000

40,000

40,000

60,000

60,000

60,000

70,000

Total Eggs 1,213,000

Fry Set Free

35,500 .

22,000 .

35,000 .

66,500 .

44,000 .

67 000 .

66,500 .

67,000 .

44,000 .

44,000 .

44,500 .

61,000 .

62 000 .

44,200 .

44,300 .

35,500

35,600

35,600
53,000

53,200
53,200

62,000

April 1

)i )>

',', 9

)! (J

35

May h

June

21

1,075,600 Total Fry,
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Table siiiowing the Temperature and Specific Gravity

OF THE Sea-water during Hatching Season.

Date.
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Trawlers and the Artificial Fertilization of

Fish Ova.'

B}^ Andrew Scott.

Under the above title Mr. A. Meek, M.Sc, in his

Eeport on the scientific investigations carried on under

the Northumberland Sea Fisheries Committee for the

year 1901, makes some statements regarding the fertili-

zation of hsh ova taken from fish caught in the course of

commercial trawling, which appear to require some

explanation and are at complete variance with the experi-

ence we have had in past years in our work in the Irish

Sea. In a pamphlet published some time previously,

Mr. Meek had given directions for the stripping of ripe

fish caught in the trawl net, and for the fertilization of

the ova, a method which was advocated by Professor

Mcintosh and others many years ago. This work was

to be' done by the masters of trawlers and the fertilized

ova obtained were to be at once returned to the sea. In

the report referred to Mr. Meek gives some account of

the results obtained. A number of captains of trawlers

had been carrying out this work and a report is given of

the fish and ova dealt with by Captain Cappelman.

According to Mr. Meek, Captain Cappelman dealt

himself with over 40 cod and 12 plaice, and from these

fishes he obtained 120,000,000 cod ova and 2,000,000

plaice ova. This, the writer states, is a modest estimate of

the ova dealt with. But a number of other captains had

also been engaged in the work, and altogether, he

estimates that as a result of the efforts of his Committee

some 500,000,000 of fertilized ova had been returned to

the North Sea. No particulars are given of the exact

methods employed by the captains of the trawlers. We
are safe, however, in assuming that they were similar to

B
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those employed by the captain and crew of our own

fisheries steamer in the Irish Sea and elsewhere, for the

purpose of obtaining spawn for the Piel hatcheiy. That

is, the contents of the trawl net when emptied on deck

are diligently worked over. Eipe female cod uiul plaice,

as the case may be, are selected, and the mature eggs

expelled by gentle pressure on the abdomen into a bucket

of clean sea water. E.ipe males are next secured and the

milt expelled into the bucket amongst the eggs. The

whole contents are then gently stirred and allowed to

settle for a time. The unripe eggs fall to the bottom and

by carefully pouring oft' the water into another bucket

these are left behind. The floating eggs which come over

in the water are then ready to be taken to the hatchery

or returned to the sea. It must be remembered, however,

that all floating eggs secured in this manner are not

necessarily fertilized. We have found from actual ex-

perience that unfertilized plaice eggs may continue

floating and remain fairly transparent for a whole week

after being expelled from the fish.

If all the 40 cod and 12 plaice dealt with were females,

then the cod apparently gave 3,000,000 eggs each and the

plaice about 166,000.

These facts are sufficiently remarkable to those

acquainted with the work which has been done on this

subject to call for some explanation. The best estimates

of the number of eggs contained in the ovaries of ripe

female cod and plaice give from 3 to 6^ millions in the

case of the cod, and 148,000 to 487,000 in the case of the

plaice, the exact number of course varying with the size

of the fish and the localitj^ where they were captured.

Captain Cappelman, then, obtained by far the greater

portion of the ovaries by stripping the fish. Xow, it is

well known that all the eggs present in the ovary of the
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cod and plaice do not become mature at the same time.

In the case of the plaice the proportion is very much

smaller than in the cod. As a result the spawning period

of each individual hsh lasts for some time. In the case of

the plaice it may last a fortnight at least. As successive

batches of eggs ripen they are expelled, until the whole

ovaries are spent. The exact number of ripe eggs that

are expelled at each successive emission is not known

;

but from the experience in the Piel hatchery, and our

observations on the steamer lead us to the conclusion

that it is much the same proportion in the case of trawled

ripe fish, we conclude the number does not go beyond a

feAv thousands in the case of the plaice. It is possible by

means of pressure on the abdomen to expel 20,000 to

50,000 eggs at least which are fairly transparent, but only

a small proportion of this number are perfectly mature

and can be fertilized.

How obvious this is, is seen from a consideration of Dr.

Fulton's work on the maturation of pelagic Teleostean

eggs. Some time before the final ripening begins, the

ovaries contain only small opaque ova. Even then their

size is considerable. In plaice they extend so much into

the body cavity, that the volume of the latter is reduced

by one half, and the intestine and stomach are compressed

into the anterior portion of the cavity. During matura-

tion, as Dr. Fulton has shown, the eggs absorb water and

undergo a considerable increase in size. The immature

ovarian egg of the plaice has a volume of about 0'9276

cmm., whilst the ripe pelagic egg has a volume equal to

3'479 cmm. That is, during maturation the volume of

the egg is increased nearly four times. Dr. Fulton says,

" It is physically impossible for a female producing

pelagic eggs to carry all her eggs in the mature distended

state, because the volume of the ripe eggs may approxi-



20

mate to, or exceed the volume of the body of the

fish."

It seems pretty evident that Mr. Meek has made the

error of obtaining the numbers of eggs dealt with by

simply multiplying the number of fish stripped by the

theoretical average number of eggs in the unripe ovar}^

and did not actually have the numbers of eggs fertilized

estimated. His numbers, therefore, require considerable

reduction. We should say that instead of 500,000,000

a very much smaller number of eggs were really fertilized

and returned alive to the sea.

We do not argue against the method advocated by Mr.

Meek, but rather regard it as eminently useful and practi-

cal, if the crews of trawlers have sufficient time and zeal

to carry it out. We think it useful, however, to point out

its limitations.

On the Spawning of the Common Lobsteb,

By Andrew Scott.

The exact process by which the eggs of the common
lobster of the British coasts are shed and conveyed to the

swimmerets, appears to have been hitherto unknown.

The following notes based on observations made at the

Piel Hatchery may therefore be of interest.

In the first place a brief account of what is known

regarding the process in some of the other Crustacea is

given.

Herrick in his great work on the American lobster,*

which is closely related to our own form, states (p. 47)

" I have not seen the process of egg extrusion and have no

direct observations to record. It has, however, been

witnessed in other Crustacea where it is undoubtedly

* Bulletin of the United States Fish Commission, Vol. XV.
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similar." He refers to the observations on the copulation

of the river crayfish [Potamohius fluviatilis) made by

Chantram and other naturalists, and also to Cano's

account of the laying of the eggs in the crab Maia.

References bearing indirectly on the subject are also

given by Herrick.

Chantram's account of the extrusion of the eggs in the

river crayfish is as follows :

—
" When the time comes for

the extrusion of the eggs, the female raises herself upon

her feet, and then the abdominal appendages secrete for

a number of hours a grayish, somewhat viscous mass.

She thereupon lies upon her back, bends her tail towards

the opening of the oviducts so as to form a kind of cistern

or chamber, into which, during the following night, the

eggs are received as fast as they are expelled from the

genital organs. This expulsion lasts from one to several

hours."t

Cano gives the following account of the laying of the

eggs in the Crab Maia. " The eggs at the time of ovul-

ation, pass the opening of the receptaculum seminis, and

are here invested with a coat of cement, which is secreted

and held in the receptacle. The eggs .... are expelled

one at a time by means of the vulvular apparatus ....

The eggs thus ejected fall into the abdominal chamber.

The female beats them about with repeated blows of the

tail, while the pleopods, keeping them in continued

agitation, make them converge to the centre of the

abdominal pouch. The deposition of eggs is effected in

Maia in the course of twenty-four hours."* The position

of this crab during the extrusion of the eggs is not noted.

The Eev. T. 11. R. Stebbing, in his book " A History of

Recent Crustacea," | gives the following reference, from

t Bulletin of the United States Pish Commission, Vol. XV., p. 36.
* Op. cit., p. 49.

I Internat. Scientific Series, Vol. LXXIV.
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Patrick Browne's " History of Jamaica," regarding the

spawning of the land crab Gecarcinus. " The eggs are

discharged from the body through two small round holes

situated at the sides and about the middle of the under

shell; these are only large enough to admit one at a time,

and as they pass they are entangled in the branched

capillaments .... to which they stick by means of their

proper gluten, until the creatures reach the surf, where

they wash 'em all off, and then they return back again to

the mountains."

At the end of the lobster hatching and rearing experi-

ments which were carried on during the past summer, the

adult lobsters were retained and kept under observation.

On October 9th one of a batch of five in one tank was

seen to be in a restless condition and shortly afterwards,

it turned on to its back and remained perfectly still.

Thinking the animal to be dead or dying we proceeded to

remove it, when it was discovered to be shedding eggs.

The process is as follows :—The lobster turns on to its

back and by the aid of the two large claws and ridge of

the abdomen makes a tripod of itself, the head being

considerably higher than the posterior portion. The

abdomen is then strongly flexed, forming a pocket, and

the setse on the edge of the abdominal segments make the

space along the sides perfectly tight. A l\ shaped opening

into the pocket is formed by the telson and the sixth

abdominal segment. This opening, when the abdomen is

flexed, is slightly posterior to the first pair of swimmerets.

The eggs then flow from the two genital openings in a

continuous stream, one at a time, and pass along at the

bases of the last walking legs and into the opening of the

" pocket." The course of the eggs into the " pocket " is

further assisted by a constant pulsation of the first pair

of swimmerets, causing an indraiight, which carries them
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rapidly inside. None of the eggs are lost on the passage

from the genital openings to the " pocket " unless the

lobster is disturbed. As the eggs leave the oviducts they

become coated with an adhesive substance which causes

them to stick together and to the swimmerets. The period

of oviposition in the lobster under obsei'vation was just

over four hours. Half an hour after the eggs had ceased

to flow the lobster righted itself and walked into a corner

of the tank, eventually getting into a nearly perpendicular

position, with the head downward. It renaained in this

position for the rest of the day. Next day it was walking

about the bottom of the tank in the usual way of a berried

lobster. That the adhesive power of the eggs was im-

parted to them before leaving the oviducts, was proved by

collecting some just as they emerged from the genital

openings. When these samples were placed in a glass

of sea water and collected into a heap, they all became

attached one to the other, and also to the glass. Moreover,

the adhesive material only remains soft for a short time,

as when the individual eggs were isolated and prevented

from adhering to the glass, it was found that at the end

of half an hour the adhesive property had completely

disappeared. The eggs when extruded are quite soft and

fall flat when removed from the water, the spherical state

is regained immediately the eggs are placed in the water

again. They are of an opaque dark green colour, with a

thin transparent shell. The eggs measured in water so

that the spherical condition was unaltered, were found to

be 1*8 millimetre in diameter.

Another point now falls to be discussed, and that is, the

frequency of spaAvning and moulting in the lobster. The

lobster which came under observation at Piel was one of

a batch collected at Bardsey Island in July, 1902. It was

then bearing eggs which had been extruded sometime
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towards the end of the summer of 1901. These eggs

commeiiced hatching early in August, 1902, and by the

end of that month had all hatched. After an interval of

less than six weeks, during which there was no possible

chance of the shell being cast and escaping observation,

another batch of eggs was extruded, without any interven-

ing moult. That is, this lobster has definitely produced

one batch of eggs each j^eiir, for two successive years, with-

out moulting. Of the batch of five lobsters referred to at

the beginning of this article, two moulted very soon after

their eggs hatched and have produced no other eggs, two

produced eggs without moulting, but only one was actually

observed in the act, and the remaining one has done

nothing.

Dr. H. C. Williamson in his valuable paper " Contribu-

tions to the life history of the edible crab,"* gives impor-

tant information on the spawning and moulting of that

crustacean, and also a summary of the opinions held by

various zoologists on the same process in the lobster.

Dr. Williamson states : "A crab does not always cast

immediately it hatches its eggs. It very often carries

eggs two years in succession." And again the crab " AVill

keep on having successive batches of eggs until the supply

of sperms is exhausted."

Herrick in his summary of observations on the

American lobster (p. 222), states :
" The lobster does not

spawn oftener than once in two years. The spawning

period is probably a biennial one, one set of eggs (summer

eggs) being laid in July or August (at Woods Holl), and

the following set in two years from that time. One has

only to examine the ovary of a lobster which has just

hatched a brood—that is one year from the time of last

* Eighteenth Annual Report, Fishery Board for Scotland, Part III.
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spawning—to be convinced that annual spawning is an

anatomical impossibility."

Ehrenbaum was of the opinion that the European

lobster produced eggs only once in four years, and

Fullarton considered that it did not spawn two years in

succession. Prince on the other hand does not favour the

theory of biennial spawning.

Herrick, in a footnote on p. 72, suggests :
" The best

way to test the question by experiment would be to take

a female which had recently hatched a brood, and keep

her alive until the following summer, when the next batch

of eggs would be due, in case the spawning period is a

biennial one." This experiment was conducted by

Cunningham at Cornwall. Of five lobsters which had

hatched their eggs under his observation, and which were

placed in a floating box in September, soon after the eggs

had hatched, one was found to be berried in October, one

produced no eggs, though the ovary was ripe in the

following February, two cast their shells, and one escaped.

The experiment has also been carried out in America, and

Herrick has quite recently published a paper entitled

" The reproductive period of the lobster."* This paper

deals with the American species, and gives some later

views based upon direct experiments with the living

animal. Herrick states :
" The theory of biennial spawn-

ing is supported by a variety of testimony. The true

answer to the question ' How often does the mature lobster

lay her eggs ?' is, therefore, ' Once in two years as a rule.'

On June 19th, 1900, Mr. Yinal Edwards placed in a

floating car thirty-six lobsters from which the old external

eggs had been removed, fed them regularly, and on the

first of each month following caught one of the animals

* U.S. Fish Commission Bulletin for 1901, pp. 161-166 (1902).
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and preserved its ovaries. When the last survivor was

taken, May 1st, 1901, just ten months and twelve days

from the beginning of the experiment not one of the

animals had laid eggs. Further an examination of the

ovaries disclosed no evidence of absorption of the ova, or

abnormal retardation of their growth, such as we might

look for upon the theory of annual spawning—nothing in

fact but a slow regular growth of the organs." Further,

" The theory of biennial spawning is supported : (1) By
the statistics of the fishery

; (2) by the anatomy of the

ovary of the adult female taken at ditt'erent seasons
;

(u)

by the ratio of growth of a given generation of ovarian ova

for stated periods
; (4) by observations on animals kept

alive for long periods
; (5j by the evidence of the rapid

growth of ovarian eggs of spawners for any given year,

during the height of the breeding season. It is to be

expected that the rule to which the majority conforms has

many exceptions in individual cases, for variation is the

rule of life. It seems quite probable that occasionally a

lobster may lay eggs in two consecutive seasons, and that

in other cases the normal biennial period may even be

prolonged, but I have nothing further to oifer under this

head."

Much of the evidence in support of Herrick's latest

conclusions on the theory of biennial spawning appears to

be based upon the experiment carried out by Mr.

Edwards. This experiment was not carried out on the

lines suggested by Herrick in his work on the lobster, and

is not altogether a satisfactory one. There is nothing to

show that the eggs carried by the lobsters at the beginning

of the experiment, hatched out naturally and were there-

fore extruded during the previous year, and there was no

obvious need to kill one lobster each month to discover

whether it was going to extrude eggs or not. The better
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and more conclusive plan would have been to allow the

eggs to hatch and then keep the whole of the series of

adult females alive, till they extruded another batch of

eggs. The lobsters killed in the early part of the experi-

ment had little opportunity to produce again, and none

were alive to extrude eggs at the end of one complete year.

The fact that one of Cunningham's batch of lobsters

produced eggs a few weeks after the previous lot had

hatched, and the further evidence obtained at Piel, shows

quite clearly that the views held by Ehrenbaum and

Fullarton are erroneous. If it be possible for the

European lobster to extrude another series of eggs within

a short period after the previous eggs hatch, there appears

to be no anatomical reason why the American lobster

cannot also do the same. The dilference between the

European and American lobster is very slight.

The conclusion which is forced upon one regarding the

spawning and moulting, then, is that a female lobster

may, and does occasionally, produce eggs for two years at

least in succession, without moulting, possibly for a

longer period, and that moulting, after the animal has

become reproductive only occurs at intervals which will

no doubt depend largely upon the various factors

influencing the condition of the creature.
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The difference between Spring and Autumn Herring.

By J. T. Jenkins, D.Sc, Ph.D.

(Lecturer in Biology, Hartley University College, Southamptoti).

Ill all districts where a great herring fishery exists

there is evidence of two main spawning seasons, the one

being in the spring, the other in the autumn, and in the

present paper the terms " Spring-herring " and " Autumn-

herring " are respectively applied to herring Avhich spawn

in the spring or autumn.

In the Irish Sea the herring fishery is relatively not of

great importance, and the movements of the shoals have

not been studied in detail. On the Lancashire coasts

their movements are very uncertain, but in the southern

portion of the district they are more regular.

" The principal shoals visit North Wales in October

and November, some also early in May and June."*

Spawning probably takes place here in the autumn or

winter. The Isle of Man herring fishery is also carried

on in the autumn, commencing in June and lasting till

October. In the latter month spawning herring have

been taken off Douglas.! There seems to be little or no

evidence as to a spring spawning, but further information

on the subject is necessary.

Considerable difference of opinion has existed as to

whether (1) these two groups of herring constitute differ-

ent races, and if this be granted, whether (2) such races

exhibit any morphological differences which are capable

of measurement.

With regard to the first question, the separation of her-

ring into two distinct races, wliich spawn at different

* Herdman & Dawson : Fishes and Fisheries of the Irish Sea,

p. 60.

t Holdsworth : Deep Sea Fishing and Fishing Boats, p. 539.

London, 1874.
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times in the year, we Iiave two contradictory opinions,

each of which has been maintained by competent inves-

tigators. Ileincke believes that there are two distinct

races, but the Scandinavian and Danish authorities

contradict this.

In connection with this we have to decide whether the

herring spawns more than once in the same year. From
what is known of other fish one is led to decide in the

negative. Ileincke* is of opinion that spawn has never

been found twice in the same year on the same spawning

ground, which would be the case if the same herring

spawned twice in one year.

Cunninghamt directly contradicts this since he says

that two spawning periods have undoubtedly been

observed in one year in the same neighbourhood.

MatthewsJ also believes that herring spawn twice in the

same year. He believes that the herring that spawn off

Ballantra© in February and March, and those which

spawn off Campbeltown in spring and then swim into

Loch Fyne in the summer as spent herring, become ripe

there, and spawn for the second time from Aiigust to the

end of October.

If the difference between two successive spawning

periods is always one year, then obviously spring herring

will remain spring herring.

There is still another view as to the interval between

two successive spawning periods. The Scandinavian§ and

* Naturgeschichte des Herings. Berlin, 1898. Text, p. 47.

t The Natural History of the INIarketable Marine Fishes of the
British Islands, p. 151. London, 1896.

J
Fourth Ann. Rep. Scot. Fish. Bd., p. 61.

§ Trybom. Sillundersokningar vid Sveriges Vestkust. Hosten
1888. Berattelse till Kongl. Civildepartementet. Stockhohn, 1889,

p. 12; and Smitt, Om sillrasernas betydelse. Bihang till K. Svenska
Vet. Akad. Handlingar. Band U. Afd. IV. No. 12. Stockholm,
1888. p. 13.
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Dan'sh authors believe that a period of eighteen months

elapses between two successive spawning periods in which

case the spring herring of one year would become the

autumn herring of the next, and the autumn herring of

one year would become the spring herring of the next year

but one.

Heincke vigorously contests this opinion. He says*

if the intei"val between two successive spawning periods

exceeded one year, then we should get an equal distribution

of spawning herring in all months of the year. This he

states does not actually occur. His argument, however,

does not apply if the interval were approximately eighteen

months, since we should then still have two principal

spawning periods—in spring and autumn.

It is thus seen that considerable diversity of opinion

exists as to the separation of the herring into two groups

—autumn and spring spawning.

If it be granted, for the sake of argument, that such a

separation really exists, it now remains to inquire into

the alleged differences between such supposed races.

Heincke, in a colossal work already cited, has gone into

great detail Avith regard to these differences, and has put

forward a formula based upon body and head measure-

ments by means of which he claims to be able to separate

the two races.

Although the present paper is devoted to a criticism of

Heincke's methods and results, it is more with a view of

re-opening the whole question for discussion than of

deprecating the conclusions of Heincke.

In the first place it is necessary to explain the

" Formulae " of Heincke, and the methods of measurement

applied by him on which the formulse are based, and

according to which he differentiates herring into autumn

and spring-spawning races.

* op. eit., p. 49.
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In the first instance Heincke made his measurements

with regard to four characteristics. Subsequently he

extended his observations to include a large number of

characters ; he found, nevertheless, that the four characters

originally chosen by him gave him the most important

results.

These four characters are:—
1. Distance of the dorsal fin from the end of the snout.

Measured from the end of the snout with the mouth

closed, to the root of the first fin ray of the dorsal hn.

" D " in Heiucke's Tables

2. Distance of the ventral fin from the end of the snout.

Measured from the end of the snout with the mouth closed

to the root of the first fin ray of the ventral fin. " Y "

in the Tables.

3. Distance of the Anus from the tip of the snout.

" A " in the Tables.

4. Length of the base of the Anal fin. From the root

of the first to the root of the last fin ray of the Anal fin.

" An " in the Tables.

From these four measurements Heincke believed that

he could distinguish spring from autumn-spawning her-

ring, provided a sufficiently large number of individuals

were taken and the average calculated, otherwise the

individual variation would be too great.

The characteristics are always expressed by Heincke as

relative and not as absolute measurements, and they are

expressed as a ratio of the total length, inclusive of the

caudal fin.

A comparison of a large number of measurements

showed that

1. The distance of the dorsal fin varied from 2'08 to 2'47

2. „ ventral „ 1-97 to 2-28

3. „ anus ,,
1-41 to 1-65

4. The length of the base of the anal fin from 12"5 to 7"5
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In order to make comparisons easier the ratios ex-

pressing the distance of the dorsal fin from the tip of the

snout are divided into four groups each of which is

distinguished by a number :
—

1. AVhen the ratios varied from 2'08 to 2'17

2. „ „ „ „ 2-18 to 2-27

3. „ „ „ ,, 2'28 to 2'37

4. „ „ „ „ 2-38 to 2-47

In a similar manner each of the other ratios was divided

into four groups with the exception of the distance of the

aniis which was divided into five. To each of these groups

descriptive numbers or letters were applied, viz. :
—

Distance of Ventral Fin.
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In every respect the second group of spring herring is

more like the autumn herring group than it is like the

first group of spring herring.

That this discrepancy actually occurs in Heiucke's work

m.ay be seen on reference to the following table :
—
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" Das korperliche Bild, (lass die einzelnen Kasseii

bieten, ist nicht minder interessant. Ihre Uiitersehiede

vou einander sind gering und erreichen in der Kegel

niclit diejenigeu, die wir an verscliiedenen Species der

Gattung Clupea wahrnehmen. Aber sie sind nicht

minder scharf und so bezeichnend ausgepragt, dass jedes

Individuum den deutlichen Stempel seiner Rasse (seines

Stammes, seiner Familie) tragt. Und das nicht nur in

einzelnen, wenigen Eigenscbaften seines Korpers, son —
dern wie man annebmeu muss, in alien Eigenscbaften

und auf jedem Stadium seiner Entwicklung."

Heincke summarises tbe results of bis most recent

investigations as to tbe differences between spring and

autumn berring quite at tbe end of bis book {o. c. Text

125-128). It is to be regretted tbat in Table 3 be bas

only grouped together a small number of groups of ripe

spring and autumn berring for tbe purposes of com-

parison and tbese are just tbose wbicb exhibit a difference

in tbe formula with respect to the ratio of the distance of

tbe ventral fin from the tip of tbe snout. According to

this summary it appears that tbe average formula of

spring berring is 2bII. ; of autumn berring 2al. or 2aII.

But suppose we now turn to the volume of Tables, p.

196-199, Table 193. Here we have a complete summary

of the average of tbe body measurements of the various

local forms, and it appears that the average formula of

tbe autumn herring is sometimes 2bII. [i.e. tbe true

spring herring formula), and that the average formula of

tbe spring herring may be 2al. or 2aII. (tiiie autumn

herring average formula).

In this Table there are eight groups of spring herring

which do not possess the formula 2bII. They are:—
Tab. 130. East Coast of Scotland. 2aII. (Autumn

herring formula).
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Tab. 56. Bergen Sommersild. 2bIII.

,, 57. ,, Vaarsild. 2aII. (Autumn herring

formula).

„ 59. Utsire „ 2aII. ( ,, ). .

„ 90. Liimfjord. lal.

„ 91. „ Ibll.

„ 137. Stralsund. 2bIII.

,, 18. Schlei. 3bII*.

With respect to autumn herring we have the following

groups with incorrect formulae :
—

Tab. 105. Terschelling. 2bII. (Spring herring

formula).

97. Mouth of the Elbe. 2bII. ( „ ).

„ 101. „ 2bIL ( „ ).

„ 102. „ 2bIII.

„ 103. Helgoland. 2bIII.

96. W. of Sylt. 2bIII.

,, 127. Scotland, Fair Island. 2bII. (Spring herring

formula).

„ 129. „ Peterhead, lall.

50. Bohuslan. Ibll.

93. \^arberg. lal.

38. Bay of Kiel. 2bII.

This last group should not have been left out of the

summary (Text p. 126), since they are not only herring

from the Bay of Kiel but the formula is the average of

47 individuals and not as the other three groups only 30,

21 and 19, respectively, and the greater the number of

individuals the greater the accuracy of the average

formula.

Heincke himself writes, p. 126:—"Die Genauigkeit

aller Mittelwerte einer Rasse hangt ab von der Zahl n

der Individuen, aus deneu das Mittel gezogen ist."

* In Tab. 193 this is given as 2. It should be 3 (see Tab. 18, p. 40.

Index= 2-28).
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Quite at the end of his work (p. 128) Heincke writes :
—

" Hiemach bekunden die von Petersen gegen mich ins

Feld gefiihrten Messuugen von Herbst und Friihjahrs-

herigen aus den danischen Gewassern, die ich in den

Tab. LXXXI. bis LXXXIX. s. 105 bis 108 wiedergegeben

habe, einen unzweifelhaft sicheren Untersehiecl zwischen den

beiden Saisonrassen, indem bei den Friihjahrsheriugen

die Mittelformen 2bII., bei den Herbstheringen 2aII. und

2al. vorkommen."

When these Tables are examined it is seen that Heincke

is incorrect ; Table 82 gives for 15 autumn herring from

Yarberg in the Kattegat the average formula 2bII., that

is to say the average formiila of spring herring. Fui-ther,

in the examples cited above it is seen that the formulge of

Heincke do not hold good for the herring of the Danish

waters, for example, in the case of Liimfjord (two groups)

and Yarberg.

To return to Heincke's summaiy (Table 193) :
—

Spring Herring.

Tables with correct average formula 2bII. 15 i.e. 65%.

„ other „ ,,
8 i.e. 35 %.

Autumn Herring.

Tables with correct average formula 2al. or 2aII.

17 i.e. 60-7 %
other „ „ 11 t.^'. 39-3%

Again, we have 30 body measurements of full herring

from the Greifswalder Bodden given in Table 138 (p. 151),

which herring were captured in November, 1891.

In Table 139 (p. 152) we have the skull measurements

of 20 of these herring given.

In the summary of body measurements (pp. 196-199),

the 30 Grreifswalder herring are not given, but in the



37

summary of skull measurements (Table 194, p. 200) these

20 examples from Table 139 are described as spring

herring, this description must be based on skull measure-

ments alone,* since they were full herring taken in

November. The amount of importance that lieincke

attaches to skull measurements may be gathered from the

following extract (Text I. s. LYII.) :
—

" Man kann eine Rasse so gut an den ausseren Dimen-

sionen des Korpers wie an den Bau der Wirbelsaule oder

der Gestalt des Schddels oder dem besonderen Gauge ihrer

Entwickelung erkennen." And further (p. LYIII.) :
—

" Man sieht sofort den grossen LInterschied der Hassen in

den Schadeln, der jenem der Menschenrassen nicht

nachsteht. Dem extreni hrachycejjhalen Schddel des

Islandherings steht zum Beispiel der ausgepragt dolico-

cephale des Stromlings gegeniiber."

As explained above, Heincke omitted the average

formulse of these Greifswalder herring from his summary

of body measurements in Table 193.

If one refers to Table 138 (p. 151) it is seen that these

herring possess the formula 2aII. (Indices D 224, V.

2'049, A. lOo), that is an autumn herring formula.

Here, then, we have a peculiar instance of herring,

which are " full " in November, possessing the skull of

spring herring and the body of autumn herring.

Again Heincke describes (Table 127, pp. 142 and 143)

61 full herring from the Fair Islands as autumn herring,

although they were taken in June and possess the spring

herring fomiula 2bII. Fourteen other examples of the

same shoal (Table 126, p. 141), possess the autumn

herring formula 2aII.

Heincke found the correct autumn herring formula in

*P. 195:—"Die Mittel derjenigen Eigenschaften, die fiir eine

sichere Unterscheidung der Lokalformen besonders wichtig sind,

sind fett gedruckt."
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tlie case of ten lieiriug (Table 141), from Boruliolm, tlie

average formula beiug 2all. For 25 herring from Korsor

(Table 73), the so-called autumn herriug formula also

holds good. If we, however, take the first ten of these for

comparison with the ten Bornholm fish, we find that the

formula no longer holds good. If Heiucke had only

received 10 herriug from Korsor instead of 25, then he

would have referred this " local race " to the spring

herring with the average formula 2bII. (Indices D 2*25,

Y. 2057, A. 1"53). When one takes a certain number of

individuals from Heincke's tables for investigation, it

becomes possible to change autumn into spring herring,

and vice versa, at any rate occasionally.

For instance take Table 23. Here we have 21 herring

which give the average formula 2aII, that is the autumn

herring formula. If, however, the first ten only are

taken we get the average formula for spring herring 2bII.

(Indices D. 2-19, Y. 205, A. 1-54).

One is, therefore, from a consideration of Heincke's

own tables, forced to the conclusion that neither measure-

ments carried out on single specimens nor the average

formula obtained by measurements of an indefinite

number of individuals lead one to a certain and definite

separation of herring into the two groups of autumn and

spring herring.

Without going- so far as to actually say that no such

difference exists, it seems sulficiently obvious that more

measurements are necessary to establish Heincke's

arguments, and it is also obvious that the results of these

new measurements must be differently expressed.
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The Future of British Fisheries Investigation.

By W. A. Herdman.

The past year has been noteworthy for two events,

either of which may have an important influence upon

the future course of scientific investigations bearing upon

our national sea-fisheries. One of these was the an-

nouncement, on January olst, that our Government had

given its adhesion to the International Scheme of jSTorth

Sea Investigation ; and the second was the presentation

to Parliament, and subsequent publication, of the I'eport

of the Committee on Ichthyological llesearch. This

Committee was appointed by the President of the Board

of Trade on August 1-Uh, 1901, and meetings were held

at which witnesses were examined and results discussed

during the twelve months from September, 1901, to

September, 1902. The Eeport of the Committee was

signed and sent to the President on October 18th, 1902,

was laid before both Houses of Parliament early in

December, and was issued as a parliamentary paper about

the end of the year.

At two successive annual meetings (lltli June, 1901,

and 10th June, 1902j of the Sea-Fisheries Authorities at

the Board of Trade, the President (Mr. Gerald Balfour),

has referred to the appointment of the Ichthyological

Committee, has taken credit for the comprehensive scope

of the temis of reference, and has given as a reason for

postponing the consideration of various important

questions connected with sea-fisheries investigation that

these matters were being considered by the Ichthyological

Committee, and that he must await the Report.

His words at the last meeting are so important, and so
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re-assviriug as to the future prospects of fisheries work,

tliat it is pleasant to recall them. On the 10th June,

1902, in replying to the arguments put forward by the

Noi-thumberland, the North Eastern, the Devon and the

Lancashire and Western Committees in favour of " The

establishment and maintenance by the Goverument of one

or more laboratories for carrying on the work of fishery

research, or, failing that, the provision from Imperial

sources of the Funds necessary to render more efficient

and useful the laboratories which at present exist," the

President (Official Report, p. 18) said :
—

" I have listened with great interest to the observations

that have been made, and for myself I have great

sympathy with the remarks that have been addressed to

me upon this subject. At the same time I would refrain

at present from expressing any final opinion upon the

matter, and especially upon the matter in detail, and for

this reason, that it is one of the subjects which, as I

observed in my opening remarks, comes so clearly within

the reference of the Ichthyological Eesearch Committee

that it is really necessary to wait for the report of that

Committee before we make up our minds what ought to

be done. But you may be sure that, so far as my
influence is concerned, if anything can be done in pur-

suance of the report of that Committee to assist scientific

investigation by giving aid to laboratories or otherwise,

I should be most happ}^ if that result could be achieved."

While we must approve of Mr. Balfour's caution, in the

earlier part of this statement, in refraining from

expressing more than " great sympathy " until he had

before him the report of the Ichthyological Research

Committee, we may all rejoice, now that that Committee

has reported favourably, at the declaration he makes in

his final sentence that his influence will be given in
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backing up any recommendation in the report that State

aid should be given to laboratories for scientific fisheries

investigation.

With that promise from the President of the Board of

Trade, and in view of the strong recommendations in the

report of the Ichthyological Committee, there can surely

be no doubt that the Board of Trade, either alone or

supported by all the fishery organisations of the country,

will without further delay urge upon Parliament the

necessity of taking immediate steps, and, if required,

legislation, in order to subsidise the necessary laboratories

under the direction of a Fisheries Council for England.

That is only one of a series of definite recommendations

made by the Ichthyological Committee with the object of

organising a comprehensive national scheme of fisheries

investigation, and in view of the attention which the

President has directed to the report of that Committee at

the Statutory meetings of the Sea-Fisheries Authorities,

it will be well to consider in some detail what these

recommendations are.

As the Report shows, the Ichthyological Committee

considered it their duty to inquire very carefully into the

details of the (then) proposed international scheme for

the investigation of the North Sea, as given in the publi-

cations of the Christiania Conference of 1901. The

Christiania programme, supplemented by the evidence of

witnesses and experts, was the only information then

available, and it is that programme which is discussed

and alluded to in various parts of the " Blue Book " issued

by the Ichthyological Committee. The examination of

important witnesses, now before the public in the pages

of the Blue Book, makes it evident that there is great

diversity of opinion amongst scientific experts (both

biological and hydrographical) in this country, as to:—
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(1) Tlie best methods of carrying out the Christiania

programme

;

(2) The reliability of any results obtained

;

(3) The applicability of such results to our British Sea-

Fisheries.

Under these circumstances it is not surprising that the

Ichthyological Committee, on May 29th (see Keport, p.

xxii.), requested their four scientific or expert members

to go into these questions as a Sub-committee, and draw

up a memorandum.

It is scarcely necessary to point out that the clearest

distinction must be drawn between the international

scheme (1) as a piece of pure scientific research, and (2)

as fisheries investigation which will solve practically and

within a given time, and by given means, certain questions

of importance to British industries. Of the interest and

importance, to scientific men, of the scheme as a piece of

pure research there ought to be, and probably there is, no

doubt. Speaking for myself for the moment, I am in

thorough sympathy with the scheme from that point of

view. It is just the kind of oceanographic research that I

think most desirable ajid fascinating, and which I believe

will lead to qualitative results of great interest to biologists,

and, I suppose, also to hydrographers. But there is the

greatest difference between (1) such qualitative results,

which add certain new facts to science, and in regard to the

economic importance of which all that can be said is that

each and every scientific fact will some day find its

application and may at any moment become of real im-

portance to mankind, and (2) immediate quantitative

results given as the outcome of investigations directed to

particular practical problems. It is from the latter point

of view that there seem grave reasons to doubt the

adequacy and practical utility of the international scheme.
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If the officials who have advised our Grovernmeiit to

take part in the scheme will declare that they regard it

merely as a piece of scientific investigation undertaken

jointly with certain foreign savants, with the object of

obtaining scientific data, and in the hope that the know-

ledge so acquired may possibly throw light on some of

our fishery problems, then I, for one, will cordially

approve of the enlightened action of our Government in

supporting scientific research to that extent. But I fear

that those who have promoted the scheme will make no

such statement. If we may trust newspaper reports the

Government have made it clear that they have been

induced to join (1) in the hope of getting international

regulation of the fisheries, which is remote, and even if

attained would be of questionable importance, and (2)

by the prospect of getting, within a couple of years,

reliable results which will be of practical importance

in connection with the fishery questions which aifect

Great Britain. How unlikely it is that any such

results will be obtained can only be realised by those who

have considerable experience of the irregularity of dis-

tribution of fish and other living things in the sea.

The scheme, as formulated in the Christiania pro-

gramme, is a scientific investigation which is purely

experimental, and which it will be very interesting to

watch. But there is absolutely no certainty about the

results. There is not even a reasonable probability that

the work will lead to any conclusions of economic im-

portance. The report of the Ichthyologieal Committee

has made this clear especially to naturalists and practical

trawlers who have their own experience to judge from.

The Committee states that the " fundamental practical

problem at the present time is to establish the fact of an

increased or decreased yield of the Hsheries within the
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available area of supply, and the most pressing part of

this problem relates to the more sedentary and local fish,

such as flat fish." That, it will be generally agreed, is what

we in England want, and moreover it is obvious that, as

the Committee reports, " To establish the fact of an

increase or decrease of the fisheries, information must be

obtained as to the amount of fish caught on particular

grounds by vessels sufiiciently numerous to supply data

representative of the total yield.'' The method in all

such investigations must be the one of taking adequate

samples and drawing conclusions from these samples.

" It follows that any scheme of research, however

elaborately planned or carefully carried out, will fail in

its object if the samples are not taken over a sufiiciently

large area, and at sufficiently frequent intervals, to be

truly representative of the area and period which they

are supposed to represent." xSow, we have ready to our

hand in the cargoes of fish landed at our ports by the

commercial fishing fleets, samples incomparably larger,

more numerous, and more frequently and regularly taken

than those of any number of specially equipped vessels

likely to be put on our seas by any European Govern-

ments. It is one of the recommendations of the

Ichthyological Committee that these '* commercial

samples " be made available for scientific work, that statis-

tical returns in the right fomi, giving all the particulars

required, such, e.g., as exact localities, be arranged for,

and that officials be stationed at the principal fishing

ports to inspect the catches and select any samples

required for further examination in the laboratory.

It would be possible, perhaps, with a few special vessels,

in a few years, to make an approximate fisheries survey

of limited circumscribed areas such as the Irish Sea, the

Clyde sea-area, or the English Channel, but not of the
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enonnous area of the North Sea, which is at least twenty

times the size of the Irish Sea.

Special vessels have, however, important work to do,

which will obtain for ns information supplementary to

that derived from the fishing fleets. They should be sent

to survey special grounds, to investigate spawning

grounds, nurseries where small fish congregate, and any

other areas of importance in connection with particular

problems. And when set on work of this kind no other

duties such as periodic cruises, mainly of hydrographic

importance, should be allowed to interrupt the progress

and continuity of these investigations.

One of the chief features of the international scheme

is that all the vessels of the participating countries shall

undertake quarterly cruises along certain lines taking

hydrographic and other observations at fixed stations.

It is clear from the evidence given before the Ichthyo-

logical Committee that there is at least considerable

difference of opinion even amongst hydrographers as to

the value of the observations obtained on such cruises,

and what direct bearing they have upon the fishery

problems in which this country is really interested it

would be difficult to say. It may be practically impor-

tant, if any reliable conclusions can be drawn from

observations made three months apart, to the countries

bordering on the Baltic, and possibly to those interested

in the deep Norwegian Sea, to know something of the

movements of bodies of water differing very slightly in

temperature and in density ; but the influence of such varia-

tions upon the habits and abundance of the flat fish in our

shallow Noi-th Sea has still to be demonstrated, and must

at the best be so indirect, so slight, and so inconstant as

to be upset by storms, chance winds and floods bringing

an influx of fresh water from the rivers.
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The Ichthyological Committee had evidence from two

eminent hydiographers, Dr. II. R. Mill and Captain

Tizard, R.N., that both the surface and the deeper

layers of water in a shallow area like the ]N^orth Sea

change in character very much, both as regards one

place compared with another and the one place

compared with itself, at different times. Xow,

quarterly cruises may obviously miss many such changes,

and therefore conclusions drawn from the observations

may be erroneous. Moreover, it is very doubtful whether

the sedentary flat fish in which we in this country are

primarily interested are affected by the c<)ndition8 which

will be observed on the quarterly cruises. For these and

other reasons it is evident (1) that the quarterly cruises,

as planned in the Christiania scheme, are not sufficiently

numerous to give reliable results, and (2) that these

hydrographic results, even if obtained, have little or no

bearing upon our most important fishery problems. They

are also open to the objection that once in three months

they take the special steamers away from any particular

investigation upon which they may be engaged for a

period so indefinite that Captain Tizard estimated it at

one week and Dr. Mill at three.

The international scheme, as laid out in the Christiania

programme, is evidently based upon the hypothesis that

sound conclusions may be drawn from samples, both

hydrographical and biological, taken by the few special

steamers making periodic traverses and surveys over great

extents of sea. A consideration of the size of the areas

to be covered, of the small number of vessels available,

and of the limited time, makes it certain that the samples

to be taken will be relatively far apart both in space

and time. K^ow there is much evidence, both in the pages

of the Ichthyological Committee's report and also iu
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general biological literature, to shew that such samples

may not be representative and are, therefore, unreliable

because of the manner in which both the physical and the

biological conditions may change within narrow limits.

This is such a fundamental matter and has such an im-

portant bearing upon not only the present issue but upon

all our future investigations that it will be well to

illustrate it by a few instances.

Mr. Archer's detailed analysis of the observations taken

by the Scottish Fishery Board in the Firth of Forth, has

shewn that hauls taken iinder similar conditions on

neighbouring areas may differ very considerably in their

results ; and the observations made from our own steamer

in Luce Bay last November, given by Mr. Johnstone at

a subsequent page of this report, demonstrate the same

fact.

The importance of these observations in connection with

any proposal to base conclusions upon the results of a

comparatively small number of hauls taken at distant

intervals over a relatively enormous area like the North

Sea, must be obvious.

We find such an experienced navigator and hydro-

grapher as Captain Tizard, E.N., Assistant ilydrographer

to the Admiralty, stating in his evidence (in answer to

Q. 2,125), that observations taken four times a year

across the entrances to the North »Sea would not show the

nature of the water going in aiul out at all, that it would

be necessary to take observations at much more frequent

intervals (2,128), that in a place like the Channel between

Dover and Calais the observing stations ought to be very

close together, certainly not more than 3 or 4 miles apart

(2,141), while in the space between the Orkneys and

Norway stations say twenty miles apart would probably

suffice, but that would have to be determined by experi-
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ment. Many others of Captain Tizard's answers on pp.

9G-100 throw the gravest doubts u])on the validity of

conclusions drawn from such infrequent and scattered

observations as are proposed in the Christiania

programme.

Then again in Appendix V. (p. 153), we find Captain

Tizard suggesting a scheme by which hydrographic

observations should be taken at stations 10 miles apart

along six sectional lines in the North Sea during

February, May, August and November. We do not know
whether these lines recommended by the Assistant

Hj^drographer are now being investigated under the

international scheme, but in any case the results would

seem open to many of the objections shown by Captain

Tizard, in his evidence, to apply to all such occasional

observations in a shallow area like the North Sea.

Dr. H. E,. Mill, an expert in hydrography, who has

himself conducted investigations on the physical con-

ditions of the waters round our coast, speaking of the

international investigations, of which he approved (Q.

1,663), said :

—
" I should say that after ten years it would

be quite possible to get a very fair idea of the normal

conditions of things." It would be interesting to know

what he would expect to get after three years. Then,

again, he considers (Q. 1,716) that quarterly cruises would

not give sufficient information. In fact. Dr. Mill,

although he recommends the international scheme, and

was himself one of the British delegates to the Christiania

Conference, evidently from his answers (p. T4, &c.), does

not consider that the observations taken in accordance

with the programme will be sufficient to enable us to base

sound conclusions within the limited time.

It is important to notice also that the two expert

witnesses who have had most experience of practical
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fisheries investigations and of work at sea, viz., Dr. T. W.
Fulton, of the Fishery Board for Scotland, and Mr.

E. W. L. Holt, of the Irish Board, are neither of them

favourable to the international scheme, and do not think

that it is likely to give us, within the specified time,

results that will be useful in connection with our British

Fisheries. Dr. Fulton (Q. 1U8) says :

—
" I am quite con-

vinced that at the end of five years sufficient information

to say whether there is a decrease of the fish supply of

the North Sea, on the fishing grounds there, could not be

obtained."

There are other witnesses whose evidence is given in

the Ichthyological Committee's report, and who expressed

full approval of the international scheme, but I do not

think that it can be said that any of these are men with

the practical experience of Tizard, Fulton and Holt. It

is clear, then, that the argument in the Memorandum
drawn up by some of the Committee is supported by the

evidence of some of the most important witnesses ; and

under these circumstances many must sympathise with the

view expressed by Professor Hay Lankester, when, in his

evidence, he said:
—

" I should much prefer to see public

money expended on a complete survey of the British Seas,

say, to the 100 fathom line all round the British coast,

to money being expended on this international

arrangement."

Our conclusion, then, is that the international scheme,

although an intoresting scientific investigation, which

may obtain results of great importance to the sciences of

hydrography and biology, is, from the point of view of our

English fisheries, an expensive experiment which is

unlikely to yield reliable results of practical importance,

within a reasonable time. The programme has not the

appearance of having been devised with a view to the

D
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elucidation of our pressing fislieries problems, sucli as

those of tlie flat fisli, and it may well be doubted Avhether

the quarterly cruises and other periodic surveys will yield

results upon which legislation can be based.

The Ichthyological Committee, in the constructive part

of their report, recommended a ISational Scheme of

fisheries research and organisation, into the constituent

elements and functions of which they enter in considerable

detail. This scheme provides what has long been felt

and often expressed as a great need in England, viz., a

Central Fisheries Board, having at its command labora-

tories, vessels and scientific men, and it also endeavours

to ensure the sympathy and help of the District Com-

mittees by giving them some representation on the

Central body.

The points dealt with in the report are (1) Statistics,

(2j Expert Staff, (3) Laboratories, (4) Vessels, (5) Central

Authority, and (6) Co-operation with Scotland and

Ireland ; and the recommendations under these heads

may be briefly summarised, with comments, as follows:

—

(1) Statistics.—The Committee insist upon the neces-

sity for much fuller and more accurate statistics as to the

results of the commercial fisheries than are now supplied.

Returns must be obtained from the masters of fishing

vessels, and it is very desirable that full returns of all

fish caught, giving the localities and other particulars,

should be made compulsoiy.

(2) Expert Staff.—In the first place a staff of trained

assistants is required at the principal hsliing ports to

deal with the returns obtained from the boats, to inspect

the catches landed and to select samples for further ex-
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amination. Certaiu observations can be made and certain

particulars noted by such assistants carrying on statistical

work at the ports, but it is not suggested that they need

be laboratory biologists. Then, secondly, the samples

selected along with the statistical and any other informa-

tion should be sent for more detailed examination to the

nearest marine laboratory, there to be dealt with by the

Director and his scientific assistants.

(3) Laboratories.—The Ichthyological Committee

point out that " the fishery interests of the East coast, the

South coast and the West coast of England, respectively,

are, to some extent, distinct," and they propose that these

three coasts should be treated independently, each having

its own marine laboratory, staff of workers, surveying

vessel and representatives on the Central authority. It

is recommended that, if possible, arrangements be made

so that (1) the Marine Biological Association Laboratory

at Plymouth be officially recognised as the head-quarters

for scientific fisheries work on the South coast, say from

the estuary of the Thames to the Bristol Channel
; (2)

that the Liverpool Marine Biological and Fishery Labora-

tories be similarly the centre for work on the West coast

;

and (o) that if no sufficiently large and well-equipped

marine laboratory be already in existence on the East

coast, a new institution be erected at Grimsby, possibly in

connection with a fisheries museum, of which the

Buckland collection might form the nucleus. This new

East coast laboratory might possibly be more directly

under the control of the Fisheries Department of the

Board of Trade, and would furnish that Department with

the laboratories, experimental tanks and scientific assis-

tants, without which the oflicials cannot be expected to

carry on original investigations.

The Ichthyological Committee, in making this recom-
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Fig. 1.—Sketch map of the British Islands for the purpose of

indicating the positions of the chief marine laboratories and sea-fish

hatcheries, and the proposed division of the coast of England into

three great fisheries districts—the East coast, the South and the
West.



53

mendation in regard to laboratories for the three coasts,

have, it will be observed, made "use, so far as possible, of

existing institutions, and propose to enlist the services of

men who are already carrying on sea-fisheries

investigations.

(4) Vessels.—Each of the three coasts, it is proposed,

should have a research or surveying steamer of the type

of a modem steam trawler, specially fitted up for

scientific investigations, and carrying on its work in con-

nection with the laboratory of that coast. In the article

which follows this will be found a scheme of investigation

showing how such a vessel could be employed on the

West coast.

(5) Central Authority.—The Ichthyological Commit-

tee recommend the formation of a " Fishery Council for

England," consisting of representatives of («) the Board

of Trade, (b) the local Sea-Fisheries Authorities of the

three coasts, and (c) the scientific men in charge of the

three marine laboratories. This Fishery Council would

be, to some extent, analogous to the Fisheiy Board for

Scotland, but more suitable in other respects to England,

where strictly local fisheries are more common than in

Scotland, and where local needs have to be more closely

studied. The Council would, it is hoped, be so represen-

tative as to unite the various fisheries interests and ensure

the co-operation of the difierent organisations, local and

central, now working at fishery problems. It is suggested

that the Fishery Council should meet monthly or

quarterly, as occasion may require, at the Board of Trade,

to formulate and control schemes of investigation, to

receive reports on work done on the three coasts, and co-

relate observations, to recommend the allocation of grants

to the laboratories, and, generally, to report to Govern-

ment, through the Board of Trade, on the needs and
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results of tlie work carried on by the steamers and the

laboratories.

(6) International Co-operation.—In order to secure

uniformity of action between the fisheries organisations

in England, Scotland and Ireland, to prevent overlapping

of areas and of investigations, and to arrange as to any

sub-division of work between the three countries, or with

foreign nations, the Ichthyological Committee recommend

that quarterly conferences should be held between repre-

sentatives of the Fisheiy Council for England, the

Fishery Board for Scotland, and the Irish Fisheiy Depart-

ment. " The meetings of this conference would give an

opportunity to the members of the three Central

Authorities to compare notes, to obtain information as

to what is being done in the three countries, and to make

suggestions to the three Central Authorities as to what

particular work should be undertaken by each " (Report,

p. XV.). It is only to this extent—(Quarterly Conferences

—that the Ichthyological Committee have considered it

practicable to constitute one Central Fisheries Department

for the United Kingdom. We may quote finally para-

graph 39 from the " Concluding Observations " of the

Report:—"The Committee believe that by carrying- out

these recommendations the State would recognise, co-

relate and control the work of the existing independent

organisations in the United Kingdom, and would build

lip a scheme of Fishery Research of a thoroughly practical

character, centring, as regards England, in the Board of

Trade, and, at the same time, in intimate contact with the

fishing trade, the district committees, and the scientific

laboratories round the coast " (p. xviii.j.
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Scheme for the Investigation of the Irish Sea.

(As drawn up by Professor W. A. Herdman, F.R.S., for

the Ichthyological Research Committee).

The suggestion, which I have made on several occa-

sions, that a detailed scientific survey of the Irish Sea

should be undertaken either by a Central Fisheries

Department or by the Lancashire District Committee in

co-operation with the Irish Fisheries Department, was

first proposed in 1892, and was printed, in part, in my
first Annual Ileport. More recently it was drawn up in

further detail, and forms a portion of the Ileport for 1900.

But as I had occasion last winter to revise and enlarge

the scheme considerably at the request of the Committee

on Ichthyological Research, who desired that I should

lay a detailed programme before them, and as the matter

concerns Lancashire primarily, I think it well to reprint

here the essential part of what was submitted to that

Departmental Committee, with a few slight additions.

It is generally agreed, I think, that if one steamer is

to carry on all the work of our enlarged district, and if

police work is to be regarded as the first duty, then

sufficient time does not remain in which to carry out an

adequate programme of scientific investigation. The

following scheme is, therefore, drawn up on the

basis that one steamer would be devoted to scientific

and statistical work alone in the Irish Sea. It would be

better still if one such steamer from the Lancashire side

could collaborate with another fiom the Irish coast. In

addition to this work at sea by the steamer there is much
that must be done on shore at the ports of landing in order

to obtain the fullest and most reliable information as to
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the catches of the commercial fleets from the different

grounds in the area.

I assume that what we stand most in need of at present

is full and accurate statistics in regard to our fisheries,

and nruch more detailed information than we have as

to the distribution round the coast both of fishes in all

stages of growth, and also of the lower animals with

which they are associated, and upon which they feed. I

consider that what is necessary to give us that informa-

tion is the nearest approximation we can make to a

census of certain parts of our seas, beginning with the

territorial waters and those off-shore grounds that

supply them, and are definitely related to them. The

work would be partly of a statistical nature, and partly

scientific observations and investigations, and it seems

clear that it is only by such a combination of methods

that we can hope to settle many important fishery

questions. My contention, then, is that such an investiga-

tion of our seas must be made, that it is urgent and should

be made as soon as possible, and that the Irish Sea is

favourably situated to be made a test case before xmder-

taking the much wider and more difficult expanse of the

North Sea, complicated by international questions. The

Irish Sea is of moderate and manageable dimensions.* It

is all bounded by British territory and by sea fisheries

authorities, which might agree as to regulations. Its

depths and the nature of its bottom deposits are most

varied. It is a " self-contained " fish area, containing

spawning banks, feeding grounds, and " nurseries." It

has several laboratories (Liverpool, Dublin, Port Erin,

and Piel) situated on its borders, which would form con-

venient centres for investigation, and it is controlled

* Its wider area north of Holyhead contains about 10,000 square

miles, and is about one-twentieth part of the area of the North Sea.
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by powerful sea-fisheries authorities, two of which,

Lancashire and Ireland, might possibly be enabled to

combine to carry out the work.

In this scheme, then, I suppose that a steamer of the

size of a modern steam trawler, equipped with the

necessary gear and apparatus, and having two or more

scientific men on board, should devote all her time to

the exploration of the Irish Sea. Such a vessel would

cost about £6,000 to £8,000 to purchase, and the cost

of running her would be about £2,000 a year. I take

the month as the unit of time, and consider that every

observing station must be visited twelve times in the year.

If we plan four weekly voyages to different parts of

the area in each month, and lay out four days' work in

each week, that will allow for occasional days off for

coaling, etc., and will give some extra working time in

fine months, which could be devoted to further exploration

outside the fixed programme. Bad weather will, no

doubt, occasionally interfere, but it may reasonably be

expected that iulnost months it will be possible to work

on at least sixteen days.

Two kinds of work at sea, in addition to the commercial

statistics obtained on shore, should be distinguished :
—

1. The systematic statistical work, consisting of

trawling and tow-netting along certain fixed lines,

always with the same apparatus, on the same ground

and at regular intervals. This work would be kept in

close touch with the results obtained from the fishing

fleets. Incidentally it would yield valuable information

as to the efficiency of apparatus and the validity of the

samples, which in our small area would be relatively

numerous and taken at no great distance apart. Physical

observations and quantitative plankton work would be

carried on along* with the trawling at each station.
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2. General exploration, such as faunistic work, the

tracing of areas of the sea bottom, the surveying of

spawning and rearing grounds, the determinution of

the distribution of invertebrata and of fishes, and the

investigation of specific points upon which information

was required, such as the presence of full herring at

certain times in Cardigan Bay. The programme for

this work would necessarily be elastic, and could only

be undertaken when it did not interfere with the fixed

observations under 1.

Provisional Arrangement of the Work.

It is proposed that in each month the first week

should be devoted to work in the important waters round

the Isle of Man, the second to the deep water off

Anglesey, the third to Cardigan Bay and the coast of

Wales, and the fourth to the shallow in-shore waters

of the Lancashire and Cheshire coasts.

First Wee k.

First Day.—Start from Fleetwood and steam west till

the 20 fathom line is reached, about 85 miles. This is

the region known as the " Hole," a very important

spawning ground for plaice and other flat fish. The

vessel should now take three hauls of the fish trawl,

each of two hours duration, along lines running east

and west, at depths of 20 to 25 fathoms. After the last

of these, a short haul should also be taken over a part

of the same ground with a shrimp trawl, in order to

obtain smaller fish and compare results. Plankton nets

will also be used simultaneously with the trawl, and

physical observations will be taken at the beginning

and end of each haul. The vessel will lie for the night

in Port St. Mary Harbour.
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Second Day.—The vessel will steam south to the

deep water lying south and south-west of the Calf

Island, which we know to be the spawning ground of

cod, hake, haddock, and other fish. Three hauls with

the fish trawl and one with the shrimp trawl should be

taken along lines running north and south in water of

depths of from 30 to 50 fathoms. Plankton nets and

physical observations as before. Vessel to lie for night,

according to weather, in Port St. Mary, Port Erin, or

Pi el harbours.

Third Day.—The vessel will steam to deep water

lying west of Isle of Man, and take two hauls of tlie

fish trawl and one of the shrimp net on the " reamy "

ground, where the sole, the turbot, and the brill spawn,

at depths of 30 to 50 fathoms, and one haul of the fish

trawl on the mud at a depth of 70 to 80 fathoms. The

vessel will then run further to the north and take two

drags in the middle of the channel between Point of

Ayre and the Mull of Gralloway, at a depth of 20 to

'')0 fathoms. Plankton and physical observations as

before at each station.

Fourth Day.—After spending the night at either Peel

or Kamsey, according to the wind, the vessel will trawl

from Ayve Point towards St. Bees Head, along the

20 fathom line, and then south from King William's

Bank in the muddy depression of over 20 fathoms, also

along the Bahama Bank, off Maughold Head. Two

hauls of the fish trawl should be taken at each of these

localities. Plankton and physical observations as before.

That finishes the statistical trawling investigation for

that w^eek, and the vessel will then, according to circum-

stances, either return to Fleetwood to land material

and refit, or will stay out longer exploring the spawn-

ing grounds, etc., and doing other general faunistic work.
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Second Wee k.

First Day.—Start from Fleetwood and steam south-

west to the 20 fathom line opposite the mouth of the

Eibhle (26 miles), where we have found the tongue of

deep water to be a spawning ground for haddock,

whiting, etc. Take three hauls from east to west in

depths of 20 to 30 fathoms, followed by one or two

hauls of shrimp trawl, and run south to Holyhead

harbour for night.

Second Day.—Start from Holyhead and trawl north-

west in depths of 30 to 50 fathoms, so as to make a

traverse across the channel by which water enters the

Lancashire district from the south. Lie at night in

Port Erin or Port St. Maiy, according to wind.

Third Day.—Steam directly south from Calf Island

towards Holyhead, and trawl in depths of 30 to 40

fathoms. Stay night in Holyhead.

Fourth Day.—Leave Holyhead and steam round

Skerries to north coast of Anglesey. Take haul along

the 20 fathom line towards Point Lynas. Then take

two hauls of fish trawl in Red Wharf Bay and one of

shrimp trawl, and run into Straits for the night. Any
additional time that week could be spent in exploring

Red Wharf and Beaumaris Baj^s and the neighbourhood.

Remain week-end in Straits.

Third Week.

First Day.—Steam through Menai Straits to Carnar-

von Bay, and spend rest of day in making several

traverses of the shallow water between Anglesey and

Bardsey Island. Lie for the night in St. Tudwell Roads.

Second Day.—Continue south into Cardigan Bay, and

trawl within the 20 fathom line south to New Quav or



61

Cardigan, staying for tlie night either in New Quay or

Fishguard Bays.

Third Day.—Trawl across St. George's Channel from

off St. David's Head to the Tuskar Rock and back, and

stay night in Fishguard Bay.

Fourth Day.—Trawl northwards towards Bardsey Island

in depths of 30 to 50 fathoms, and steam for night into

Menai Straits.

Any additional time this week afforded by good

weather can be spent in exploring northern parts of

Cardigan and Carnarvon Bays, or drift-netting for

herring at appropriate seasons. Stay week end in Straits.

Fourth W e e k.

(Lancashire and Cheshire Inshore Fishing Grounds).

First Day.—Leave Menai Straits, and work from the

Great Orme's Head eastwards in the shallow water, within

the 10 fathom line, to the mouth of the Dee. Take two

hauls of the fish trawl between the Orme and the West

Hoyle Bank, and two hauls of the shrimp trawl between

the West Hoyle Bank and the Mersey. Stay night at

New Brighton.

Second Day.—Take out a fishing boat for the day from

New Brighton. Put a man on board her, and set her

to work with the shrimp trawl in the shallow channels

about Burbo Bank and Crosby Channel. Steamer to

go further out and take hauls of fish trawl in Liverpool

Bay within the ten-fathom line. Return to New

Brighton for night, picking up fishing boat and getting

results of day's work.

Third Day.—Steam to Formby Point, and start trawl-

ing northwards to Blackpool. Pick up a fishing boat

for the day at New Brighton or Southport, put a man

on board, and set it working shrimp trawl in the shallow
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water. Steamer to wnvlc outside the banks up to and

includinon the Blackpool closed g-rouiids, upon which one

haul of .fish trawl and one haul of shrimp trawl shoiild

be taken for comparison with hauls immediately before

upon ground lying immediately to the south, oif the

Ribble. Pick up boat and get results, and then run to

Fleetwood for night.

Fourth Day. Leave Fleetwood for Morecambe Bay

and Barrow Channel, taking a fishing boat in tow and

setting her to work in the shallow water with shrimp

trawl, while steamer uses fish trawl further out, as far

north as estuary of Duddon, but all inside the G or 7

fathom line. In evening pick up boat and return to

Fleetwood for week end, when general results of month *s

cruise would be seen to and put in order.

It would be well to send off certain collections when

in port at the end of each week to the central laboratory

in Livei'pool.

The lines for trawling along each day in this scheme

have been laid down on the chart, in consultation with

Mr. Dawson, and along each line the same series of

observations should be taken.

The observations made should include :
—

fl) Drags with the fish trawl and shrimp traAvl.

(2) Plankton collections with surface and bottom

horizontal tow-nets, and also with quantitative

vertical nets.

(3) Physical obsei'vations with thermometers, hydro-

meters, water-bottles, etc.

We may consider a few further details under each of

these headings :
—

I. Fish and Shrimp Trawling Observations.

—

(a) Drags

should be made under strictly uniform conditions —

that is, the same size, form and mesh of trawl net should



63

always be used, and the drags should be of uniform length

and duration, in order that they may be as strictly as

possible comparable with one another. In addition to the

fish trawl, it would be very useful at most stations if a

haul of the shrimp trawl could also be taken.

(b) Every drag should be recorded, irrespective of the

numbers of fish caught. A poor haul is just as important

for statistical purposes as a successful one.

(c) All the fish caught should be measured, and the

numbers of each kind and size accurately recorded on a

form similar to the one appended.

(d) A number of individuals of each of the more im-

portant kinds of fish—such as plaice, sole, cod, haddock

—from every haul should be weighed and measured

separately. The ovaries should then be taken out and

weighed, and the results recorded on the form. Any-

thing noteworthy in the condition or appearance of the

ovaries should be c\dded. The stomachs should be opened

and the contents noted.

(e) Mention should bo made of any unusual fishes or

invertebrata taken in the trawl, and also of any special

abundance of common things such as star-hshes, crabs,

molluscs, jellyfish, zoophytes, w^orms, or other fish food.

Unusual specimens, or anything not recognised, should

always be preserved for examination in the Liverpool

Laboratory.

II. " Plankton " (or Tow-net) Collections.—Tow-net-

tings should be taken along with every drag of the fish

trawl. One haul with a bottom and one with a surface

net should be made on each occasion. Also one haul

of the vertical net for quantitative work shovild be made

at each station. These collections should be at once

preserved according to instructions, and sent to the Liverpool

Laboratoiy as soon as convenient after landing. Extra
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tow-nettings should be taken as frequently as possible.

All such observations on the floating life of the sea

(which includes the eggs and the microscopic food of

many fishes) are most useful. Occasional hauls at par-

ticular seasons with a large mid-water net to ascertain

the presence of larvre and young fish would be most useful,

but might form a part of the additional exploration work.

III. Physical Observations.

—

(a) Sea Temperatures.

—

Surface and bottom observations should be taken at the

beginning and end of each drag, and should be read to

0'1° C. Bottom temperatures should be taken with a

reversing thermometer. At certain stations in deep water,

periodically, serial temperatures at 0, 2, 5, 10, 15, 20, 25,

30, 40, 50, 60, and 70 fathoms should be taken.

(b) Specific Gravity (density) of the Sea Water.—Sur-

face and bottom observations should be taken at the

beginning and end of each drag, and should be read to

the fourth place of decimals. Bottom observations

should be made on samples of the bottom water, taken

with a Mill's bottle. The temperature and specific

gravity should be taken simultaneously in the same

sample of water. A sample (at least one litre) of the

sea water should also be kept and sealed up in a stoppered

bottle for examination of the salinity in the laboratory.

(c) Air Temperature.—One observation at the begin-

ning of each drag should be taken for comparison with the

sea temperature.

(d) Barometric Pressure.—One observation taken at the

beginning of each drag is sufficient.

(e) Transparency and Colour of the Sea Water.—One

observation should be taken at the beginning of each drag,

and if any notable change has taken place in the water

a second observation should be made at the end.

(/) Currents.—Drift bottles and other weighted floats
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should be set free to determine set of tides and other

currents.

[g) Samples of the bottom deposits should be made and

preserved for examination in the laboratory.

{h) The state of wind, tide, sea, weather, etc., should

be recorded on the form supplied.

The above scheme applies only to the work on board

the steamer. The observations at present carried on by

the bailiffs in the in-shore waters should be continued,

and Aveekly tow-nettings should be taken in each division

of the district, and at the Piel and Port Erin Laboratories
;

and the fullest possible statistics must also be obtained

from the commercial fishing boats. Notwithstanding the

very great importance of such commercial statistics in

connection with present or contemplated regulations, the

system of collection is imperfect in various respects, and

it is sometimes impossible to obtain reliable figures. The

remedy is to place the collection of statistics in the hands

of the local Sea-fisheries Committee who can obtain

infonnation as to eveiy man, boy and boat fishing in their

area.

The forms containing the results of the above observa-

tions should be posted to the Fisheries Laboratory, Uni-

versity College, Liverpool, with the least possible delay,

as it is important that early information should be ob-

tained of any unusual occurrence or any change in the

distribution of fish and plankton throughout the district.

A copy of the form upon which the observations should

be recorded was given in the report for 1900, at p. 30.

In addition to the regular statistical work planned for

16 days in each month, it is probable that the steamer in

most months will be able to devote a few days to the

work of exploring outside the stations laid down. Such

exploration will be most valuable, both from the purely

E



66

scientific aud the industrial points of view. By such

work our knowledge of spawning grounds, " nurseries,"

and the distribution of the fish in various stages will be

advanced, and, moreover, light may be thrown upon the

regular statistical observations.

Additional experimental work, such as the use of the

large mid-water net, the pumping of water from diiJerent

depths for plankton estimation, the experimental marking

and liberation of fishes, and observations on the vitality

of young fishes caught by diii'erent methods, might be

undertaken on the days left free at the ends of the weeks.

In addition to the captain and crew (say twelve in all)

necessary for working the vessel, and accustomed to the

use of the trawling and other fishing gear, at least one

and possibly two scientific assistants, the one a biologist

and the other a chemist or physicist, should always be

on board.

It is obvious that in carrying out this scheme, in addi-

tion to the work at sea, a considerable amount of work must

be done on shore. Probably the most satisfactory and

economical method of doing this would be to make use of

the existing laboratories at Liverpool, Piel, Port Erin,

and, if Ireland joins the scheme, at Dublin, and to employ

the present stafi: with the additions that would be necessary.

The headings of the work in the laboratories would be

as follows :
—

(1) Tabulation and analysis of the records filled up on

the steamer, and those obtained from the

commercial fleet.

(2) Examination, estimation, and determination of the

plankton collected.

(3) Examination of the fishes and invertebrates and

other material retained as the result of the

trawlings.



67

(4) Examination (microscopic and chemical) of the

samples of sea bottoms.

(5) Physical and chemical work on the sea water.

Determination of the densities and salinities of the

water samples, and gas analyses of same.

(6) Co-relating results of the drift-bottle experiments.

(7) Preparation of charts, tables, and reports showing

the distribution of animals, and other results.

Conclusion.

The northern area of the Irish Sea, from Liverpool to

Holyhead and round the Isle of Man to Cumberland, has

probably been more thoroughly worked,

(1) Topographically (as to bottom deposits, currents,

etc.),

(2) Zoologically (by the Liverpool Marine Biology

Committee),

(3) As to its Fisheries (by the Lancashire Sea Fisheries

Committee), and is consequently probably better

known in its details than any other area of similar

size in British Seas.

It has, moreover, on its borders the marine laboratories

mentioned above, with their staff of workers accustomed

to the work of the locality, and hence seems, both from

these circumstances and from its physical features, to

be marked out as an area in which, with comparatively

little new organisation, the proposed scheme of statistical

and obsei-vational fisheries investigations could be carried

out, in order to test :
—

(1) How far it is possible to obtain an accurate statis-

tical knowledge of the populations of a sea area;

and

(2) Whether such knoAvledge leads to conclusions of

importance in connection with the fishing industries.
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On Some Experiments with " Drift Bottles."

By James Johnstone.

Two series of experiments have already been made

from our Laboratory, with the object of determining the

direction taken by small objects floating at the sm-face,

in various parts of the Irish Sea. The results of these

have been published in former reports.* In both series the

portion of the Channel N. of Holyhead was mainly dealt

wdth, and the general result was to indicate an apparent

drift to the N. and N.E. on the E. side of the middle of the

Channel, and a N. to W. drift towards Ireland on the W.

side. The importance of the experiments was the probable

indication of the general drift of fish eggs from the

spawning grounds. It had been suspected, however, from

some observations made by the late E. L. Ascroft and

others on floating wreckage, that fish eggs spaw-ned in the

southern parts of the District might find their 'w&j into

the shallow waters oft' the Lancashire and Cheshire coasts,

and it became desirable to make some experiments to test

this supposition. Accordingly, Prof. Herdman, while going

out to Ceylon at the beginning of the year, set free some

200 bottles from the s.s. " Derbyshire," ou his way down

the Channel on board that vessel. The bottles were of the

same size, aud contained stamped and addressed postcards

of the same description, as those used in the two former

experiments. The experiment was very successful, and

118 of the bottles were subsequently picked up, and the

postcards forwarded to the laboratory.

The bottles were set adrift in lots of ten, and the data

obtained are given in the following Table :

—

* Lancashire Sea-Fisheries Laboratory Reports for 1895 and 1898.
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27th December, 1901.

Position and time when
set free ; age of tidal

stream.

Place where found, and apparent time
taken for the journey.

Nos. 1—10.
N.W. light ship,l-30

a.m.

;

outgoing stream Ih.

35m.

Nos. 11—20.
Between N.W. light

ship and Little

Orme Head, 2-0

a.m.

;

Biggar Bank, Walney I.

;

Do. do.

W. shore, N. end Walney I.

;

Do. do. do.

Do. do. do.

W. side Walney I. ; .

Do. do.

Opposite Biggar, Walney I.

Hilpsford Pt., Walney I.

;

2 days
4 do.

3 do.

do.

do.
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Position and time when
set free ; age of tidal

stream.

Nos. 51—60.
Off middle Mouse

Island 4-0 a.m.

;

outgoing stream 4:h.

5m.

Nos. 61—70.
E.N.B. of Skerries

4-30 a.m.

;

ovitgoing stream 4h.

35m.

Nos. 71 80.

N. of Skerries 4-45

a.m.

;

outgoing stream 4h.

50m.

Nos. 81—90.
N.W. of Skerries 5-0

a.m.
;

outgoing stream 5h.

5m.

Nos. 91—100.
W. of Skerries 5-15

a.m

;

outgoing stream 5h.

20m.

Place where found, and apparent time
taken for the journey.

Gutterby Pt., Cumberland: 12 days

Duddon Sands
;

7 do.

Annaside, Cumberland
;

9 do.

Do. do. 21 do.

Haverigg

;

7 do.

Silecroft

;

Drigg, Cumberland
;

7 days
10 do.

Do.
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Popition and time when
set free ; age of tidal

stream.

Place where found, and apparent time
taken for the journey.

Nos. 101—110.
Off S. stack

a.m.
;

slack water.

5-30

Nos. 111—120.
Holyhead I. bearing

E.N.E. 6-0 a.m.

;

slack water.

Nos. 121—130.
Off Carnarvon Bay

light ship 6-30

a.m.

;

mgomg
5m.

stream Oh.

Nos. 131—140.
8 miles W.S.W. of

Carnarvon light

ship 7-0 a.m.

;

ingoing stream Oh.

35m.

Nos. 141—160.
13m. S.W. by W. of

Carnarvon light

ship 7-30 a.m.

;

ingoing stream Ih.

5m.

Parton, near Whitehaven

;

Do. do.

Workington, Cumberland

;

Parton

;

Do.
Whitehaven

;

Do.
Parton

; 9 days
Workington 8 do.

Do. 8 do.

Parton

;

9 do.

Workington

;

9 do.

St. Bee's Head ; 10 do.

Plimby; 9 do.

Do. 10 do.

8 days
9 do.

8 do.

8 do.

8 do.

8 do.

8 do.

Seascale (found Sept. 5th, 1902).
Drigg Sands

;

Seascale

;

Parton

;

St. Bee's Head

;

Seascale

;

Drigg Sands

;

St. Bee's Head;
Seascale

;

9 days
9 do.

do.

do.

do.

do.

do.

do.

Bootle, Cumberland

;

15 days
Eavenglas, do. 8 do.

Bootle, do. 13 do.

Seascale

;

10 do.

Do. 10 do.

Do. 9 do.

Bootle, Cumberland ; 11 days
Ashton-with-Stodday, N. Lanes.

;

11 days
Bootle ; 10 days
Do. 10 do.

Do. 9 do.

Do. 11 do.

Do. 11 do.
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Position and time when
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the card, and in many cases volunteering further informa-

tion.

The general results of the experiment are indicated on

the sketch chart (fig. 2). The positions at which the

various lots of bottles were set adrift are indicated roughly

by the serial numbers in the lower portion, extending from

the N.AV. light ship to Cardigan Bay. The destinations of

the bottles are given by the same numbers in the upper

portion of the chart, the bracket indicating the portion of

coast on wliich they were picked up. The line drawn from

Maughold Head to the opening of Morecombe Bay

indicates the place of junction or separation of the tidal

streams in the North and St. George's Channel—the '' head

of the tide." When the chart and tables are compared it

will be seen that:—
(1) 84% of the bottles picked up crossed this

imaginary line and drifted on to the Furness

and Cumberland coasts
;

(2) 11% of the bottles found entered Morecambe

Bay;

(3) 5% were stranded on the Lancashire coast

between Blackpool and Lytham
;

(4) And only one bottle, set free on station 19,

failed to round Holyhead. This was found on

the Holyhead coast about 2 miles from the

place where the "Primrose Hill" was wrecked.

It is difficult to account for the varying destinations

of the bottles set free in these experiments. Many factors

determine their subsequent course, the chief of which are

the wind and the direction and force of tbe tidal streams

near the place where they were set free. In the absence

of wind there stems no doubt that the course of a floating

object might be predicted from a knowledge of the direction

of the stream and the state of the tide. In general, in the
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Blackpool

lorecambe

Bay
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Fig. 2.—West Coast of England and Wales, shewing the localities

of the drift bottles recovered.
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fairway of the channel, a vessel will be carried about 9

miles by the stream during spring tides and about 6 miles

during neaps. Near the land the velocity of the stream

becomes much greater. The direction taken by the stream

is now pretty well known in almost every part of the Irish

Sea, and but for the varying influence of the wind, which

it sec-ms quite impossible to estimate, we should be able to

trace the course of an object liberated at almost any place.

We have tried to estimate the effect of the wind, and are

much indebted to Mr, W. E. Plummer, of the Liverpool

Dock Board's Observatory at Bidston for a complete series

of readings of the Bidston instruments for the time during

which most of the bottles were at sea.

It will be seen from the chart that there is a general

northerly trend in the destination of the earlier lots of

bottles. Nos. 1, '2, and 3, which were set free between the

N.W. light ship and a point off Little Orme Head, have all

been found either on Walney Island or in the Duddon

Estuary. The direction of the streams about this point is

nearly easterly and westerly, and we fcihould expect that in

the absence of wind the bottles would have oscillated back-

wards and forwards in this direction and finally gone

ashore in the Mersey or Dee at the next spring tides.

But the wind during the four days that these bottles were at

sea came from the E.S.E. and S.W. with an average force

of about 21 miles per hour, and it is this influence which

determines the direction taken by them. Lot No. 4, of

which four bottles were recovered, went as far north as St.

Bee's Head.

The remaining- bottles picked up seem to have

behaved in a fairly regular way—Nos. 5 to 12 have

gone successively further north. The number of bottles

washed ashore on the portion of coast with Drigg as a

centre is very noticeable. Mr. J. Grice, to whom we are
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indebted for much information, informs us that a strong

current sets in towards Drigg and that "coasters in the

know are always on the look out when anythnig goes down

off Holyhead." The general direction and force of the

wind remained much the same as before, but the bottles

were liberated nearer the fairway of the Channel, and from

No. 8 onwards they were subject to the influence of the

(nearly) mid-channel streams and this accounts for their

more northerly destination. From No. 12 onwards the

destination changed to the south; thus the bottles liberated

ofjf Carnarvon Bay did not go so far N. as St. Bee's Head;

those liberated offBardsey Island (16 to 18) almost all went

into Morecambe Bay, and the last two lots, set adrift near

the southern limit of Cardigan Bay, got no further north

than Blackpool. This is due, no doubt, to some extent,

to the greater distance the bottles had to traverse, but also

to the wind, which after the 10th January blew for a time

from the E.N.E. to N.W.

The influence of the wind on the general drift which

would follow from the direction of the tidal streams alone

is also seen in the case of six bottles set free in a former

experiment* by Mr. Scott. The data concerning these

are given in the sketch chart (fig. 3). The bottles

were set free about 10 miles west of Morecambe light ship

on the same day ; their destinations, the direction of the

tidal streams and the general direction of the wind during

the period when the bottles were apparently at sea, are

marked on the chart. Under the influence of the tidal

streams alone the bottles would probably have gone ashore

near Blackpool or into Morecambe Bay, but the wind

during the early part of the period when the bottles were

adrift blew from the N., N.E., and N.W., and later on it

shifted from N.W. tbrough W. to S.W. The average

* Lancashire Sea Fisheries Laboratory Report for 1898, p. 30.
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velocity during the period, 19th May—24th May was about

17 miles per hour, and during the whole period, 19th May

—

June 5th, about 15 miles per hour. The general influence

of the wind was therefore to drive the bottles in a southerly

direction, and this brought them within the influence of the

stream setting into the Mersey estuary. Two bottles,

however, seem to have remained longer at sea, and during

•lay 19

Fig. 3.—Apparent direction taken by six drift bottles, shewing

directions of tidal streams and the general direction of the wind.

the later part of the period (June 5th—20th) the wind was

very variable and light, and these bottles were probably

carried up the coast towards Blackpool.

The results of this and former experiments seems to

show that the destination of fish eggs spawned on the

off-shore grounds either in the Lancashire or Welsh parts
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of the district will depend as much on the direction and

force of the prevailing winds during the spawning period

as on the general direction of the tidal streams. And

since the prevailing winds during the early part of the year

are from the W. and S.W., there will he a general drift to

the northern part of the district, and to a lesser extent

towards Liverpool Bay and the Kibble. The experiment

made by Prof. Herdman seems to prove what was indeed

conjectured by Mr. Ascroft, that the eggs from fish

spawning off Carnarvon and Cardigan Bays might find

their way into Lancashire waters. It might have been

expected that many of these would go to the shallow

waters in the above Bays, but this experiment shows that

there is not sufficient iu-draught into the bays from the

deep water where we may, not unreasonably, look for

spawning fishes, to produce this effect to any marked

extent The area, therefore, over which it is necessary

to trace the distribution of fish eggs and larvae seems to

be widened, and the experiments indicate the need for

further investigations of the southern part of our extended

sea- fisheries district.
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Eeport on the Trawling Statistics collected i?y the

" John Fell " and Sea-Fisheries Bailiffs.

By James Johnstone.

These trawling observations have now been continued

for ten years, and it may be useful to indicate some con-

clusions of importance which may now" be drawn from a

detailed study of the whole series. It has already been

pointed out that the great area of territorial waters which

the Fisheries steamer and the bailiff's cutters have to

traverse in the course of their police duties renders it

impossible that any restricted fishing ground can be

trawled on as often as might be desired. This applies

morei particularly to the off-shore fishing grounds, and it

is only in the case of two in-shore grounds—the

Blackpool Closed Ground and the Mersey Shrimping

Grounds—that we possess fairly extensive series of obser-

vations. From the study of these it appears that some

general conclusions regarding the abundance of fish on

those areas during the last decade may now be made. It

ought to be pointed out, however, that the observations

referred to were not made with this precise object in view,

but were intended rather as surveys of the fishing grounds,

to supply evidence of the desirability of legislative restric-

tion of methods and times of fishing, and from this latter

point of view the series of observations made on the

Mersey Shrimping Grounds is all that can reasonably be

desired. But we will show, later on, that in order to

ascertain the changes in the abundance of the different

fishes frequenting the area from year to year, a more

extensive and a differently planned series of observations

than that we possess is necessary.
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I. Discussion of the Statistics.

We have taken advantage, however, of the ten years

series of observations to split up the whole period into two

quinquennial parts, and to compare the average catches

of immature iishes and shrimps during the first period

(1893-7), with those of the second (1898-1902). It is

hoped that by this treatment of the figures, irregularities

due to conditions referred to later, are smoothed out, and

that the data really represent the average condition of the

grounds during the two five-yearly periods. The greater

number of hauls have generally been made during the

three months July, August and September, and as it is

during those months that fish are most numerous on the

grounds, they are the most convenient periods of the years

to compare. But to confirm the results, the 4th quarters

of the years, October-December, in the case of the

Blackpool grounds, and the 2nd quarters, April-June, are

also compared.

Blackpool Closed Grounds.

Average catches of immature fishes and shrimps made

with a shrimp trawl during the 3rd and 4th quarters of

the two quinquennial periods, 1893-7 and 1898-1902.
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The table shows that there has been a marked increase

in the average of soles caught per haul during the period

1898-1902 over that caught during the earlier period 1893-

1897. This increase is very apparent when the 3rd

quarters of the years are compared, but it is also notice-

able, though not so marked, in the average catches for

the 4th quarters. The average catches of plaice and dabs,

on the other hand, have undergone decided decreases

during the same periods. Whiting and shrimps, as might

have been expected, show no decided changes.

The same changes are to be observed in the figures

dealing with the Mersey Shrimping Grounds, and here

they are quite as marked, and being founded on a larger

number of hauls than in the case of the Blackpool

grounds, are probably a closer approximation to the real

state of the fishery. The area considered is that known as

the Deposit ground, and part of the Burbo Bank. It

corresponds closely with the area which it was proposed

to close against shrimp trawling during a certain part of

the year.

Mersey Shrimping Grounds.

Average catches of shrimps and immature fishes made

with a shrimp trawl during the 2nd and 3rd quarters of

the two quinquennial periods, 1893-7 and 1898-1902.
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It will be seen that the figures giveu above indicate for

the Mersey grounds similar changes to those which have

taken place further north. The conclusions for the two

areas mutually confirm each other. Whatever part of the

year be considered, the same marked increase of soles and

decrease of plaice and dabs, and the same ambiguity of

results with regard to whiting and shrimps is to be

noticed. It would appear that we are really justified in

concluding that there has been a marked increase in the

number of young soles, and an equally marked decrease

in the number of young plaice and dabs present on the

Lancashire nursery grounds.

It is possible to regard the numbers of young fishes on

these nurseries as dependent on the numbers of the same

adult fishes on the off-shore grounds. That is, the more

soles (say) present on the off-shore grounds and spawning

there, the more young fishes will be found in the shallow

water grounds, also, other things being equal, the number

of adult soles on the off-shore grounds within the next

two years may depend on the number of young fish on the

nurseries. This is because the eggs and larviB, resulting

from spawning fish outside, drift in towards these shallow

waters, and the young fishes settle there for a time. Then

as they grow they move outwards to replenish the off-

shore grounds. Perhaps it niight be possible, if we

thoroughly understood the whole matter, and possessed

sufficient trawling observations, to forecast the approx-

imate abundance of fish on the off-shore grounds one or

two years ahead, from our knowledge of the abundance of

young fish on the nurseries. At any rate, such consider-

ations illustrate the importance of a thorough knowledge

of these in-shore water fisheries and their changes.
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II. u t li e M e t li o d s of Trawling
Observations.

Auy attempt to study closely the cliauges taking place

in the fish population of an area by means of such a

series of observations as we refer to above, discovers so

many apparent irregularities that we are forced to con-

clude that only a very general conclusion can be drawn

from such data, and then only when averages founded on

considerable series are the values compared. It is very

probable, for instance, that the five-yearly averages we
have given above do indicate with some accuracy the

condition of the Blackpool and Mersey grounds, but it is

just as probable that any attempt to extract more than

this from the observations, say the variation from year to

year, is open to objection. If the averages of all the

catches made in each year were compared with each other,

errors would probably be made, for the abundance of fish

in any place varies enormously from month to month

during the year, and the hauls have not always been

spread regularly over the year but are more numerous in

the summer and spring of some years, and in the autumn

of others. In comparing years with each other we are,

therefore, compelled to compare only the catches made

during the corresponding seasons, and in doing so Ave

reduce considerably the number of hauls on which to cal-

culate averages. liesults based on only one haul per

month or quarter are open to still greater objection than

those deduced from small averages.

The exact conditions affecting the number of fish caught

in a trawl net, employed for experimental purposes, are

therefore, worth considerable study and we do not know
of auy observations published* with this aim. The lu-

* Except perhaps some observations made by Mcintosh. See Report
of the Royal Commission on Trawling ;

" On the effect of successive
hauls on the same area," p. 374.
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spectors of Fisheries have indeed made a laborious

analysis! of the figures obtained by the trawling experi-

ments of the Scottish Fishery Board, but this consists only

of a statistical re-arrangement of the data; the actual

conditions which might have influenced the catches were

not studied, and it appears to us that one of the methods

employed—that of reducing the total catches to numbers

of fish caught per mile trawled over—is fallacious, and,

when the small values dealt with are considered, likely to

lead to error.

We have examined the results of the trawling observa-

tions made by our Fisheries steamer and by the bailiffs

with the object of determining how far the catch is

influenced by (1) the precise locality, (2) the tides, (3) the

form and dimensions of the trawl net, and the method of

using it. It is very generally believed by fishermen that

all these conditions affect the catch, but in trawling

observations it has been usual to consider large areas as

being uniformly stocked with fish, and to regard the

results of drags with traAvl nets of the same length of

beam, and of the same mesh, and employed for the same

length of time, as comparable, and there seems little

doubt that this assumption is unwaiiauted.

(1) The Precise Locality.

The fact that the distribution of fishes varies within

close limits is brought out by many obsei-vations. On the

21st October of this year a series of hauls were made in

Luce Bay* by the " John Fell." The object of these hauls

was to obtain living mature plaice for the Piel Hatchery,

and a series of short hauls, rather than one or two long

ones were made. Each haul lasted for about an hour and

a quarter, and about 2| miles were fished over. The net

t 16th Annual Report of the Inspectors of Fisheries for England and
Wales, 1902.

=•- By permission of the Fishery Board for Scotland.
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employed was a trawl with a 30-feet beam and with 7-inch

meshes throughout. Trawling was continued all day

from 7 a.m. to 5-30 p.m., and the meteorological conditions

throughout were fairly constant. There was a fresh

breeze from X.AV. during the whole day. The sea was

nearly smooth and the weather was fine. The barometer

varied from 30'7 to 30-5, the air temperature from 9°C'.

to 11*6°C., and the surface temperature of the sea from

11-2°C. to 11-6°C. The results of the hauls are given in

the following Table.

Results of 6 Hauls in Luce Bay on October 21st, 1902.
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were everywhere constant, and where, if those conditions

determined the distribution of the fish, one would have

expected a similarity of result in the hauls made. These,

however, show the most remarkable differences. Haul 6

may be left out of consideration as it was longer than

Nos. 1 to 5, but in those five hauls the number of plaice

caught varies from 14 to 157, of dabs from 8 to 67, and of

ray from to 38. The only variable condition is the

state of the tide, and there are no apparent regularities

Port Williain

Burrow Hd.

Fig. 4.—Luce Bay, shewing the positions, approximate directions

and lengths of the drags.

to be seen by comparing the catch with this condition.

There is no doubt, of course, that the state of the tide did

affect the number of fish caught, but the variation in the

catches due to this cause is apparently disturbed by

variations due to the irregular distribution of the fish on

the bottom.

The same results are given by hauls made by a shrimp

trawl on tlie Mersey grounds. The following table gives

the result of four hauls made by the same boat during the
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same dav on a very limited area—tlie deposit ground.

The hauls were made immediately after each other, and

the length of ground trawled over varies slightly, but in

an insufficient degree to account for the difference in the

catches.

Four hauls made on the Mersey Deposit ground

on February 16th, 1894.
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conditions as nearly as possible alike do not necessarily

give similar results. This applies with particular force

to hauls made with small apparatus and for a short time.

As might be expected, hauls made on the same area with

large nets and extending over a considerable distance give

results which are much more similar than in the cases

given above. Three hauls witnessed by Dr. Fulton*

illustrate this. They were made by a commercial trawler

working in the Moray Firth on September 8rd, 1900, and

using an otter trawl with a head line measuring 120 feet.

The results were, for the more important fishes :
—
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would, no doubt, give much information. In the absence

of data of such a kind we have made a study of the

statistics collected on the Mersey grounds by Captain

Eccles, during the last ten years. It has been stated that

these observations had an entirely different aim, and they

are, therefore, not always suitable for the elucidation of

our point. They do give some results, however, which

are all the more reliable since they are in general agree-

ment with Captain Eccles' personal experience of the

grounds. It is first to be noted that there is a very

distinct difference between catches made during spring

tides and those made during neaps. All the catches made

during the months of July, August, and September, with

tides of from 17 to 20 feet, have been collected and their

average compared with that of those made during the same

months with tides of from 11 to 14 feet. The results

are given below.

Average catches of shrimps and immature fishes on the

Deposit grounds during August-September, 1893-1902.
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not be laid on the above figures. Shrimps do not seem

to be so much affected. Captain Eccles informs us,

however, that in his experience more shrimps are gener-

ally caught at springs than at neaps, on account of the

greater muddiness of the water during the higher tides.

As regards the influence of the state of the tide as to

ebb and flow on the numbers of fish caught, much remains

to be made out. We have collected the hauls made during

every hour of the tide for the months July, August, Sep-

tember, and calculated the average catches. The data

are rather incomplete, too few hauls having been made
just before high water to give satisfactory averages. The

results are set out in the table and on the accompanying

chart where the abscissse represent part of one daily tidal

cycle and the ordinates the average numbers of fishes

caught.

Average catches of fish and shrimps made with a

shrimp trawl on the Mersey grounds during

July, August, September of the years 1893-

1902. Arranged for each hour of the tide.

state of

Tide.
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Whiting- are again seen to vary in an irregular

manner but it seems certain that more soles and dabs are

got about low water, and that more plaice are got about

high water. Captain Eccles informs us that this is his

experience as regards soles, dabs and whiting, and that

Nos.

Couqht

2200
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the same variations will not necessarily be found in

different places. There is no doubt that this cause has

some eft'ect in producing the marked diiferences in the

catches from the same area on the same day, but it alone

is not enough to account for all.

(3) Form, etc., of the Net and the Method of Use.

It is obvious that with small nets, sweeping a small area

and catching few fish, the exact form and dimensions of

tJie apparatus must remain constant so that similar

samples will always be taken. But nets are frequently

lost or get damaged, and on every such occasion the exact

trim of the apparatus mav alter and its catching power

may change. The trawl net used for scientific observa-

tions is really a physical instrument, but it has apparently

never been regarded in this way, and the " constants " for

any particular apparatus determined. We do not know

of any experiments, except those of Mr. Dawson on the

catching power of the net in relation to the size of the

mesh, on the differences in catching power that alterations

in the length of the net, the beam, the foot rope, etc., will

make, although it is quite evident that for the purposes of

scientific trawling these should be known. Fishermen

know that apparently slight differences in the trim of the

net, the length and weight of the foot rope, or the amount

of " grip " given tO' the latter, for instance, may make
differences in the catching power of the net. So also the

exact method of using it. Two fishermen using the same

vessel and net and on a ground on which fish may be

reasonably supposed to be uniformly distributed will not

necessarilv get the same catches. It follows that in the

collection of any considerable series of observations from

which detailed conclusions are to be drawn, these con-

siderations must be borne in mind, as it must often

happen that the observations are made by different people
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aud with constantly changing nets. In a reliable series

of observations the length and duration of the drags

would be always the same. To compare drags of varying

lengths after correcting them for the length of the haul,

as is done by the Inspectors of Fisheries in the paper

already referred to, appears to us to be fallacious. For

the amount of fish caught by a trawl net is apparently not

proportional to the distance trawled over. Tha.t is, during a

3-hours drag over a uniform ground one third of the catch

will not be made during the last hour, for as the net

becomes filled with fish and other material its catching

power diminishes. This is because the weight of material

in the cod end may, with a cei-tain construction of net,

tend to cause the irons and foot rope to bear less heavily

on the ground, perhaps to become lifted altogether. And

the more full the net becomes the less water will pass

through its meshes, and some kinds of fish entering the

mouth will have much better chances of escaping.

In an ideal series of trawling observations the figures

obtained would represent the varying density of fish on

the bottom on the areas considered, and would represent

this only. But we have seen that the catch made may

be influenced by many causes such as the daily and fort-

nightly state of the tide, and the constants of the ap-

paratus employed, and these may vary quite independently

of any variation in the density of the fish. To correct the

observations for these varying conditions, such as would

be done in a quantitative physical experiment, is, in the

present state of our knowledge of the matter, quite im-

possible. And the distribution of the fishes on the bottom

is probably much more variable than is generally sup-

posed, so that to obtain results which would apply to even

a moderately large area, 100 sqviare miles, for instance,

would necessitate a number of hauls being made. It has
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been generally supposed that on an area where the physi-

cal conditions, depth of water, and nature of bottom, are

similar, the distribution of fish is pretty uniform. The

distribution of fishes will depend primarily on the distri-

bution of their food, and how variable this may be Avill

be seen by taking any area of cockle-bearing sands, ten

miles by ten miles, and observing how irregularly cockle

beds may be distributed over this area, though the

physical conditions are closely similar in every part.

It will appear, then, that to obtain results which will

give more than merely general conclusions, such as we

have given with regard to the Blackpool and Mersey

grounds, must require very frequent trawling observations

and the employment of averages based on rather large

series of figures. By considering averages only and cal-

culating these from many data, some of the possible errors

which we have indicated above as inseparable from

isolated observations, might be eliminated.

Such considerations as we have dealt with above appear,

then, to indicate that if a series of trawling observations

is to be undertaken with the view of determining the

changes in time in the fish population of a fishing ground,

these things must be borne in mind :
—

(1) The nets employed must be chosen and used so that

their fishing power Avill be equal—unless one net is

employed throughout the series of observations.

(2) Due regard must be paid to the differences which

the varying states of the tide must make in the catches,

or the obsei^ations must be made under the same

conditions of tide.

(3) Finally, the results should be based on the averages

of several observations taken at neighbouring places so

that the differences due to irregular distribution in space

may be as far as possible eliminated.
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Table for the determination of Pelagic Fish Eggs.

By Heincke and Ehrenbaum.

(Translated by J. Johnstone.)

The folloAving Talkie is translated from that given by

Heincke and Ehrenbaum in the Kiel Kommission Report*

for 1900. It refers to the species found in the German

part of the North Sea, but will most probably appl}^ to

many of those inhabiting the Irish Sea as well.
*

In some cases the determination of the species is

uncertain. These are indicated in the table (i.e., " Trigla

sp.," where no attempt is made to distinguish the various

species)

.

The eggs of the species marked with an asterisk are

as yet imperfectly known. The Roman numerals indicate

the months during which the fishes spawn. The authors

claim that the table is useful chiefly as the means of a first

determination of the eggs, and more detailed information

as to special characters is given in the sj^stematic part of

their paper.

' '
' Die Bestimmung der schwimmenden Fischeir und die Methodik

der Eimessungen. Wiss. Meeresuntersnch. N. F. Bd. 3. Abth.

Helgoland, Heft 2, p. 294, 1900.

t Certain other species, of economic importance in our district,

are not included in this Table. These are:

—

Labrax lupus (Bass),

Merhiccius vulgaris (Hake), Molva vulgaris (Ling), Lepidorliomhiis

megastoma (Megrim), Mugil chelo (Lesser grey mullet), and Hippo-

glossus vulgaris (the Halibut). The main characters of the eggs of

some of these species are known but others still require investigation.
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Technical Instruction in Sea-Fisheries Science.

(A Menioraudum prepared for the use of tlie Committee).

By W. A. Herdman.

At a Meeting of tlie Scientific Sub-Committee, held at

Preston on November 18th, 1902, I was requested to draw

up for circulation a statement as to the educational use

that has been made of the Lancashire Sea-Fisheries

Laboratory and Hatchery at Piel, and as to any further

developments that are desirable in teaching the applica-

tion of science to fishery problems either to fishermen or

to others.

I think it well to distinguish between three classes to

whom instruction may be given, viz.:—(A) fishermen,

(B) technical students, and (C) the general public.

A.

—

Practical Classes for Fishermen.

We have found in Lancashire that lectures alone, even

if well illustrated by lantern slides and accompanied by

the exhibition of specimens and of objects seen through

the microscope, produced very little effect upon the

average fisherman. It was not until, after trying various

forms of lectures and demonstrations, we started actual

laboratory work for fishermen at Liverpool three years

ago (February, 1900), that the results proved satisfactory.

After a few days actual practical work with their own

hands the men becaiue keen and enthusiastic, they

welcomed the new information, trusted their microscopes

and believed what they saw ; they thoroughly appreciated

the importance of what they found out, and were evidently

anxious for further information.

During the last three years seven practical classes have
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been held. The first two were in tlie Fisheries laboratory

and in the Zoology Museum at li niversity College, Liver-

pool, in February and March, 1900. The next three were

at the Piel Hatchery in March, April and July, 1901, and

the remaining two were also held at Piel during last

April and May.

I have no hesitation in recommending that in future

the classes be held at Piel. There are facilities in the

provision of fresh material, especially living surface

organisms from the sea, and in the study of the stages in

tish hatching, that can be given better at Piel than

anywhere else.

For several reasons the classes must be held in spring.

During March and April is the most convenient time for

the fishermen themselves, it is the best time for obtaining

the necessary material from the sea, and it is the only

time when the fish hatching can be studied.

Each class lasts for two weeks, and it is found that two

hours in the forenoon followed by two hours in the after-

noon, of continuous laboratory work is as much as the

fishermen can manage without strain, in each day.

Ten men form a convenient number to teach at one

time, but we can accommodate filfteen, and classes of that

number have been held at Piel. On one occasion at

Liverpool we had sixteen in the class.

The fishermen can be accommodated in lodgings at Roa

Island during the fortnight, and the allowance paid to

each man selected for a class is £5 to meet his travelling,

living and any other expenses. This money has been pro-

vided by the Technical Instruction Committee, and witii

each £100 for the men £'20 lias been given to defray the

expenses of furniture, fittings and material for the class.

No part of the grant made by the Technical Instruction

Committee has in any case gone to the teachers.
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The work of teaching the classes at Piel lias been in the

hands of Mr. James Johnstone, B.Sc, from the Liverpool

lahoratory, bnt he has been assisted when necessary by

Mr. Andrew Scott, so that both of these gentlemen have

taken part in the work.

The course of instruction includes:—
1. Actual observations (microscopic and otherwise) on

the structure and mode of reproduction of the

common sea-fishes, mollusca and Crustacea ; on the

food of fishes and the microscopic life in the sea

;

on the varieties and nature of fish and shell-fish

spawn; on the life-histories and habits of the

edible fishes and shell-fish and many other similnr

matters. All the above is given in the form of

practical laboratory work, the preparations being

made and examined by the fishermen themselves.

The material dealt with is fresh from the sea or

shore, and in the case of the microscopic fish food,

eggs and embryos are brought in and examined

alive.

2. Short demonstration on some of the above matters

by the teachers.

3. Occasional short lectures with lantern slides in order

to recall, illustrate and revise past work.

4. Demonstrations on how best to secure and fertilise

ripe eggs from spawning fish when brought up" in

the trawl.

As to further developments of the system, not mucli

more is possible with our present accommodation and

stafi:' than we are now doing. Classes might be held from

near the end of February till early in May. This is

apparently the only time of the year that suits the fisher-

men, and it is also the time when the hatching work is

going on and most of the economic marine animals are
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spawning. Four classes at most could be held during

that time, and each class might consist of 15 men, so that

GO in all could be dealt with during the year. That seems

to be the maximum possible without going to very con-

siderable additional expense. The cost for the 60 men, at

the present rate, would be £300 to pay the travelling and

lodging expenses, and £60 for the class expenses. More

substantial work-tables, some additional microscopes and

other accessories are also required.

B .

—

Technical Students.

In addition to the fishermen's classes occasional de-

monstrations have been given to parties of men who have

visited Piel under the auspices of the Fumess Rural

District Technical Instruction Committee. Several school

teachers from Barrow have also visited the laboratory for

purposes of instruction and occasionally advanced students

have been sent from Liverpool. Finally there have been

from time to time, generally in the long vacation,

scientific men from Liverpool, Manchester and elsewhere,

who have taken advantage of the facilities we offer for

purposes of original research.

A few years ago a scheme was proposed and passed by

the Technical Instruction Committee and the County

Council whereby two £60 Fisheries Science Scholarships

were made tenable partly at University College, Liver-

pool, and partly at Piel. During the first year only one

applicant appeared and he failed to pass a satisfactory

preliminary examination, and then, unfortunately, the

scholarships were allowed to lapse. It cannot be con-

sidered that the scheme was given a fair trial, and I hope

that it may still be put into operation.

These Scholarships should be held by men who are

studying fisheries science with a view to becoming ex-
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perls; but in acklitiuu to tliese there are many other

students to whom even a short course of study at Piel

would be very advantageous. I woukl especially instance

those who propose to be school teachers—whether of

science subjects or not—to all such a knowledge of even

the elementary facts and principles of Biology is of very

great value. I would suggest that some of the Technical

Instruction Committees of our County Boroughs might

establish small scholarships, say of £10 each, to enable

the holders to enjoy a course of instruction at the Piel

laboratory during some vacation.

Possibly, also, more definitely organised classes in con-

nection with the Barrow Technical School might be

arranged.

C.

—

The General Public.

A certain amount of useful teaching work might be

carried out in connection with our travelling Fisheries

Exhibition. (Jur cases of specimens have now visited

half-a-dozen of the chief towns of Lancashire (Liverpool,

Salford, Preston, Bolton, St. Helens, Liverpool again,

Piel and Barrowj, have been exhibited to the public in

museums or free libraries for from three to six months

at a time, and have been, I believe, on every occasion much

appreciated. While at Salford the Exhibition was visited

by over 1)^0,000 people. In the past a charge of £15 has

been made by the Sea-Fisheries Committee to each institu-

tion in order to defray the expenses of packing, travelling,

renewals and repairs. I believe that charge has deterred

some of the smaller towns from applying for the exhibi-

tion. If the necessary expenses could be met in some

other way, such as by a grant from the Technical Instruc-

tion Committee, I feel sure that it would be useful to

send the exhibit to manv of our smaller coast towns.
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Euitliennure, I sJiould like to see it anaiiged that one oi

our assistants, such as Mi'. Johustoue, shouhl be engaged

to visit the exhibition oceasioually, say once a week, and

giYB from the specimens in the cases short lectures or

demonstrations open to the general public.

This would not only spread a knowledge of some of the

more elementary facts in regard to marine life amongst

onr maritime population, but it would also be calculated

to explain and arouse an interest in the work of the Sea-

Fisheries Committee, and remove any misunderstanding

and prejudice that may possibly exist.
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