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Director's Report.—No. I.

Op the work undertaken during the winter 1892 -3, and before

my arrival at Plymouth in April, I must report that, as in the

preceding winter, the anchovy nets were shot by the fishermen to

whom they were entrusted, but unfortunately without satisfactory

results.

In consequence of representations made to the Devon Sea

Fisheries Committee and also to the Board of Trade by my prede-

cessor, Mr. Calderwood, the following addition has been made by the

Board of Trade to the Bye-laws which were submitted to them by
the Committee for revision :

" Nothing in these Bye-laws contained shall apply to a person

fishing solely for scientific purposes, under the written authority on

that behalf of the Local Fisheries Committee of that district, signed

by their clerk, and subject to the conditions contained in that

authority.^' The permit in question will be granted, in due course,

to the fishermen working for the Laboratory.

Under the regulations which fixed the shortest term for the

renting of a table in the Laboratory at a month, but few workers

have visited us during the short Christmas and Easter vacations.

Now that the minimum charge is for one week (at the rate of thirty

shillings), facilities are given for a short stay at Plymouth. This

should induce investigators to take any opportunity which may
occur at any time of the year to collect seasonable material, or

to study living animals and plants available for the time being.

The weekly announcements in " Nature " of new finds, of the

composition of the Plankton, and of the animals breeding, will, it is

hoped, prove useful by indicating what special material is being

procured during the ordinary course of dredging and tow-netting.

Dr. S. J. Hickson continued his studies on Alcyonium last Christ-

mas. During the month of April, Mr. Riches recommenced his

word on the Nemertines of Plymouth ; Mr. Maurice S. Evans, F.Z.S.,

F.R.G.S., was instructed in the methods of collecting and preserving

marine animals before his return to Natal. Dr. Gr. J. Romanes, a

Governor of the Association, sent his representative to occupy a

table.

The sea water circulating through the Laboratory tanks and those
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in the Aquarium is in excellent condition, and has recently stood a

severe test in a perfectly satisfactory manner. Mr. Cunningham has

succeeded in rearing young flounders through their earliest and most

critical stages in the tanks of the Laboratory. This fact speaks

very well for the purity of the sea water, and certain modifications

of the arrangements for pumping and storing the water will ensure

the continuance of this favorable condition of things regarding

what is, without doubt, the most important factor in almost all the

research carried on at the Laboratory.

The nature and scope of the results obtained by the naturalists of

the Association is amply testified by the contents of the present

number of the Journal. The papers by Mr. Riches and Mr. Gamble

are important contributions to the fauna of the English Channel, and

in conjunction with the faunistic work which is being carried on by

Mr. Garstang, show great advance towards a more complete and

detailed knowledge of the rich and varied fauna in the immediate

neighbourhood of Plymouth.

Edward J. Bles.

May, 1893.
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Report of the Council, 1892-93.

The Council.

During the past year the Council has held eight meetings for the

conduct of the business of the Association, of which the meeting on

May 20th and 22nd was held at the Plymouth Laboratory.

Sir Albert Rollit, M.P., Mr. W. T. Thiselton Dyer, C.B., C.M.G.,

and Mr. Frank Crisp, Y.P.L.S., have retired in the course of the

year, owing to the numerous calls upon their time : the first vacancy

was filled by the election of Prof. W. C. Mcintosh, F.R.S. ; the

others are to be filled at the General Meeting.

As in previous years, the Council has pleasure in acknowledging

the courtesy of the Royal Society in permitting the use of its rooms

for the several meetings of the Association.
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critical stages in the tanks of the Laboratory. This fact speaks

very well for the purity of the sea water, and certain modifications

of the arrangements for pumping and storing the water will ensure
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what is, without doubt, the most important factor in almost all the

research carried on at the Laboratory.
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the Association is amply testified by the contents of the present

number of the Journal. The papers by Mr. Riches and Mr. Gamble
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Report of the Council, 1892-93.

The Council.

During the past year the Council has held eight meetings for the

conduct of the business of the Association, of which the meeting on

May 20th and 22nd was held at the Plymouth Laboratory.

Sir Albert Eollit, M.P., Mr. W. T. Thiselton Dyer, C.B., C.M.G.,

and Mr. Frank Crisp, V.P.L.S., have retired in the course of the

year, owing to the numerous calls upon their time : the first vacancy

was filled by the election of Prof. W. C. Mcintosh, F.R.S. ; the

others are to be filled at the General Meeting.

As in previous years, the Council has pleasure in acknowledging

the courtesy of the Royal Society in permitting the use of its rooms

for the several meetings of the Association.

The Plymouth Laboratory.

The buildings, fittings, and machinery of the Laboratory are in a

satisfactory condition, and have not necessitated any special outlay.

A small sum has been spent in painting and wainscoting the Tank
Room.

The Boats.

The question of the boats has occupied the Council very seriously

during the past year. The old steam-launch " Firefly " is still at

work, although it was decided to replace her a year ago. A new
steam-launch, of about the same size as the " Firefly," was recently

purchased, but has proved to be unsuitable for rough work. The
little sailin boat " Anton Dohrn " is in excellent repair, and con-

tinues to be very useful.

As the work of the Association increases, the need of a deep-sea-



xii REPORT OF THE COUNCIL.

going boat is constantly more pressing, but there are no funds in

hand sufficient for its purchase and maintenance. This need has

been particularly felt of late in the fishery inquiries in which the

Association has been engaged in the North Sea as well as at

Plymouth.

The Library.

The Library continues to make steady progress. Among the

more important additions during the past year are the Fishery

publications of England, Scotland, and Ireland ; of the United

States, Canada, and Newfoundland ; of G-ermany, the Netherlands,

Norway, Sweden, and France (Marseilles). Important contributions

relating to the German Plankton Expedition, and to the cruises of

H.H. the Prince of Monaco have also been added. Valuable gifts

of their publications have also been made by the Royal Society, the

Zoological Society, the Royal Microscopical Society, the Harvard

Museum, the Australian Museum, the Bergen Museum, the College

of Science at Toklo, the Royal Society of Victoria, the Natural

History Societies of Denmark, Norway, the Netherlands, Boston

(U.S.), and others. To these Societies, and to the numerous donors of

books and papers, the Council render the thanks of the Association.

The Museum.

The type-collection is increasing satisfactorily under Mr. Garstang's

care.

In addition to the specimens at Plymouth, a series of selected

specimens has been arranged and mounted for exhibition, and has

been greatly admired on the six occasions when it has been shown,

namely, the second Conversazione of the Royal Society, 1892 ; the

Conversazione of the Sheffield Literary and Philosophical Society,

1892 ; the Soiree of the Royal Microscopical Society, 1892 ; the Sea

Fisheries Conference, Fishmongers' Hall, 1 893 ; the two Soirees of

the Royal Society, 1893. This exhibition series is being enlarged.

The Staff.

The Council in January last accepted Mr. Calderwood's resignation

of the office of Director, and appointed Mr. E. J. Bles, B.Sc, late

Honorary Research Fellow of the Owens College, Manchester, in his

place. Mr. Bles entered upon his duties on April 12tli of this year.

Owing to the generosity of Mr. J. P. Thomasson, who has made a

second donation of £250 for this purpose, it has been possible for the

Council to retain the services of Mr. Holt for fishing inquiries in the

North Sea for a second year.

Mr. Garstang has been appointed for a second year to superintend

the collection, preservation, and supply of material. The character
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of the specimens supplied by the Laboratory has improved very

greatly under his care.

Scientific Investigations.

Mr. Cuuningliam has continued his observations on the rate of

growth and probable ages of young fish^ a paper on which was

published in the November number of the Journal. He has also

continued his experiments on the colouration of the underside of flat-

fishes. Since Christmas he has been occupied in an inquiry into the

question of the destruction of immature fish, the first results of

which appear in the May number of the Journal.

Mr. Cunningham has also succeeded in artificially fertilising the

eggs of the flounders which he has reared in the Laboratory tanks

during the last three years from a length of half an inch ; the eggs

developed, and the larvae were artificially fed for ten days after the

absorption of the yolk-sac. This result is of great importance and

interest.

Mr. Holt has been at work now for eighteen months upon an

investigation of the fisheries of the North Sea, and his papers in

the Journals for November and May supply a large amount of

important information. The Council contribute to the expenses of

the Cleethorpes Aquarium of the Marine Fisheries Society (Grimsby)

in return for Mr. Holt's use of their Laboratory and tanks.

Mr. Garstang has captured a large number of rare forms during

the past year, on which and on other points of interest he contributes a

weekly note in ' Nature,' and he has added five new species to the list

of the British fauna. As a result of his work during the past year,

an intimate knowledge of the localities of the fauna has been

acquired, so that specimens can be obtained without delay.

Occupation of Tables.

The following naturalists have occupied tables in the Laboratory

during the past twelve months :

E. J. Allen, B.Sc, University College, London (Development of Palee-

monetes).
E. J. Bles, B.Sc, The Owens College, Manchester (Pelagic Fauna).
F. J. Cole, Assistant to G. J. Romanes, Esq., F.R.S. (Pleuronectid larvaj).

F. W. Gamble, B.Sc, The Owens College, Manchester (Turbellaria).

R. T. GuNTHER, B.A., Oxford (Development of Cephalopoda).
S. J. HiCKSON, M.A.. D.Sc, Cambridge (Alcyouium).
Gregg Wilson, Edinburgh, (Senses of Fishes).

Mr, M. S. Evans, F.Z.S., of Natal, also attended the Laboratory

in order to learn the best methods for the preservation of animals.

In addition to those which have appeared in the Journal, the

following papers, the outcome of studies made in the Laboratory,

have appeared in the publications of learned Societies and in scientific
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periodicals since the publication of the last list (Journ. M. B. A., ii,

281) :

Allen, E. J.

—

The Nephridia and Body-cavity of some Decapod

Crustacea, Quart. Journ. Micr. Sci., xxxiv, 403.

Gamble, F. W.—Gontributions to a Knowledge of British Marine

Turhellaria, Quart. Journ. Micr. Sci., xxxiv, 433.

Garstang, W.—The Development of the Stigmata in Ascidians,

Proc. Roy. Soc, li, 505.

On some New or Rare Marine Animals discovered on the

Coast of Devonshire, Trans. Devon. Ass., 1892, 377.

On the Structure and Habits of Jorunna Johnstoni, Con-

chologist, ii, 1.

Groom, T. T.—On the Early Development of Cirrhipedia, Proc.

Roy. Soc, Hi, 158.

MiNCHiN, B. A.

—

Observations on the Gregarines of Holothurians

,

Quart. Journ. Micr. Sci., xxxiv, 279.

Weldon, W. F. R.—Certain Correlated Variations in Crangon

vulgaris, Proc, Roy. Soc, li, 1.

Willey, a.—Observations on the Post-emhryonic Development of

Ciona intestinalis and Clavelina lepadiformis, Proc. Roy, Soc, li, 513,

Studies on the Protochordata, Quart, Journ. Micr. Sci.,

xxxiv, 317.

Select Committee of the House of Commons on Sea Fisheries.

This Committee was nominated to inquire into possible measures

for the improvement and preservation of British Sea Fisheries. A
Committee of the Council was appointed to consider the extent and

form of the evidence which the Association could tender ; and

Prof. Lankester, Dr. Giinther, Mr. Cunningham, and Mr. Holt

appeared before the Select Committee on June 13th and 15th,

Finance.

The Receipts for the past year include the annual grants from

H.M. Treasury (£1000) and the Worshipful Company of Fishmongers

(£400) : annual subscriptions have produced £160, composition fees

£16, the rent of tables at the Laboratory £34, the sale of specimens

£205, and the admission to the tank-room £70 ; the total amounting,

with lesser sums, to £2199.
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Director's Report.—No. II.

Some explanation is due to tlie members of the Association for

the delay in tlie publication of the Journal, which in the ordinary

course would have appeared in November, 1893. It is proposed for

the future to issue the half-yearly parts in July and January, and

accordingly the publication of the present number was deferred from

November of last year to January, 1894. Unforeseen circumstances

aifecting myself have caused a further postponement, but the

customary punctuality in the appearance of the Journal will be

observed in the future.

One of the main objects of the Laboratory has been fulfilled since

my last report (May, 1893) by the constant presence of zoologists in

addition to the two naturalists on the staff. Their names are given

below.

The field for investigation in marine botany and in the physiology

of marine animals is at least as wide as that in marine zoology, yet

neither a botanist nor a physiologist has made use of the resources

of this Laboratory, where their work could be carried on with the

minimum of trouble and inconvenience. A most interesting and
important botanical problem, to mention one only which could well

be studied at Plymouth, would be the nutrition and excretion of

marine algae, and the manner in which they affect the sea water

they live in, under varying physical and chemical conditions. The
physiology of marine animals, as far as it is known, has largely been

the study of zoologists, who have made occasional observations on
the living animals observed, and it is much to be desired that

specially trained physiologists should apply modern methods to

research on marine Invertebrata. By acquiring a quantity of well-

established data for comparison with Vertebrates, the science would
be made broader in its scope, and some questions of fundamental

importance could be brought nearer to solution by the application

of the methods of comparison. A subject which, from work already

done, promises important results is the action of the various coloured

and colourless circulatory fluids in the respiration of marine animals.

There are a number of highly interesting (questions connected with
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the chemistry of sea water on tlie one hand, and the influence of

bacteria upon its composition on the other, which can only be

properly studied in a well-fitted marine biological laboratory. Even
the purely chemical side of this subject has so far hardly been

touched upon, and next to nothing is known of the quantity and
behaviour of the combined nitrogen in different sea waters.

What I wish to make clear is that the Laboratory is not devoted

exclusively to the use of zoologists, and that the means for the pur-

suit of any branch of science as applied to the sea and its contents

will readily be supplied, and those who will undertake the work
heartily welcomed.

Repairs and alterations in the building concern chiefly the west

block. The passages and staircase walls have been distempered

and painted. The laboratory known as the physiological room,

occupied at present by Mr. Garstang, is used for the purposes of

the specimen department, but, if necessary, would serve, as it has

done before, for physiological experiment. The new fittings include a

slate-top table (seven feet by three feet) with a leaden sea-water

supply pipe running along the wall behind it, and pierced for six

vulcanite nozzles. A bench for microscope work, drawers, cup-

boards, and shelves have also been added. In the same room I have

provided an earthenware sink, with several fresh-water jets, which is

enclosed in a cupboard with a rising wooden front (like a sash

window), and serving to darken the sink completely, while speci-

mens are washing in a stream of water after treatment with re-

agents susceptible to the influence of light, as osmic acid, chromic

acid, &c.

The old steam-launch, the " Firefly,^ ^ has done good service in spite

of her many and great disadvantages for our purposes. Since

December last she has been finally laid up, and the eighteen-foot

sailing-boat, the '^ Anton Dolirn,'^has been made good use of inside the

Sound during the recent continuously stormy weather. The sea has

been too high for work outside the Breakwater, but on calmer days a

fast steam-tug, the " Lorna," is always at our disposal, on hire.

Notwithstanding the fact that the past winter has been one of the

coldest known for fifty years in Devonshire, the condition of the

fish in the aquarium has remained extremely good, and none have

died as in former winters. The red mullet referred to in Mr. Cun-

ningham^s note have lived in the tanks since August last, and are all

perfectly healthy. The whiting have been, and plaice and flounders

still are spawning. The eggs of the spotted dog-fish, Scy Ilium

canicula, which have been fertilized and laid in the tanks, have deve-

loped normally during the winter.

I have placed between the tanks a series of water-colour drawings
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of the permanent inhabitants, carefully copied from life by Miss A.

Willis of Plymouth. The variety of the animals in each tank, and

other obvious reasons, made it difficult to directly label each with its

name ; the pictures, however, supply the want to a large extent, and

can often be examined more closely than the animal itself in order

to help to confirm observations on colour, structure, &c.

These drawings were shown as part of an exhibit from the Asso-

ciation at the Cornwall County Fisheries Exhibition held at Truro

in August, 1893. A complete set of nets actually used at the

Plymouth Laboratory for natural historypurposes was also contributed.

The most successful and a very popular part of the exhibit was the col-

lection of fishes (showing larval and post-larval development),

brachyuran Crustacea, and opisthobranchiate mollusca. The specimens

were all collected by the Naturalists to the Association, and arranged

for exhibition by Dr. Fowler.

The Exhibition is of more than passing interest, for it will have

an important permanent outcome in the Cornwall County Fisheries

School, The Exhibition has been the means of arousing public

interest for the scheme initiated by Mr. E. W. Rashleigh of

Kilmarth, a member of the Association, and his plans are now on

the point of being realised. His results will, no doubt, be followed

with great interest, and should have the full sympathy of the

members of the Association. So far the County Council has given

its approval and support, and the choice of a locality is at present

under consideration.

The inquiry into the distribution of the anchovy in the Channel

has been continued. The reward offered brought in less than twelve

fish to the Laboratory from the end of October to the middle of

December. Thus there is reason to believe that anchovies, like

herring, pilchard, and mackerel, have in the past season been scarce in

this part of the Channel. An attempt was made to obtain them with

our own anchovy nets on the night following the capture of a few

specimens three miles south of the Breakwater, but without success.

After numerous trials it has been found quite feasible to send

most of the animals caught in dredge and tow-net alive to any part

of the United Kingdom and Wales. Accordingly a new price-list

has been prepared, giving a selection of the commonest and most

interesting animals of each group, with two prices for each ; one for

the living animal, and the other, slightly higher, for the preserved

specimen. By giving ample notice teachers and others can always rely

on obtaining certain living animals on certain days, as we can secure

them in advance when necessary and keep them alive until wanted.

Edward J. Bles.

March, 1894.
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Prof. W. F. R. Weldon, M.A.,

F. W. Gamble, B.Sc. .
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Report of the Council, 1893-94.

The Council.

The Council lias met ou nine occasions during the past year

for the transaction of the business of the Association. Of these the

meeting on May 12th was held at the Plymouth Laboratory. The
average attendance at these meetings has been six. No vacancy

has occurred in the course of the year.

The Council has again to acknowledge the courtesy of the Royal

Society in granting the use of its rooms for the various meetings of

the Association.

By the death of Mr. John Bayly^ of Plymouth, the Association has

lost one of its first and most generous supporters, who had been a

Governor almost from the commencement ; and, by the death of Prof.

A. Milnes Marshall, a member of the first Council of the Association

in 1884.

The Plymouth Laboratory.

The Council is able to report satisfactorily of the condition of the

building, fittings, and machinery at the Plymouth Laboratory, with

the exception of some leakage in the large reservoirs, which will be

repaired shortly. The Ejector, by which sea water is thrown up to

the Laboratory reservoirs, and the rotary pumps by which the

circulation is maintained, have lately been overhauled and placed in

thorough repair.

The Boats.

It is greatly to be regretted that there is no immediate prospect

of a satisfactory boat being obtained by the Association : the question
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is purely a financial one, and its solution is only to be found in tlie

generosity of public companies or private individuals. It is impos-

sible tliat a sea-going boat can be purchased out of income, so long

as the revenue of the Association is so small. During the past year

the work of collection has been largely carried out by means of hired

vessels, a method both expensive and unsatisfactory. The little

sailing boat "Anton Dohrn " is utilised whenever the weather permits,

and is in good repair.

The Library.

The Library becomes annually more useful. Among the Fishery

publications are included not only the official publications of the

United Kingdom, of the United States, Canada, and Newfoundland

;

of Norway, Sweden, Denmark, Germany, the Netherlands, France,

and Russia ; but also the publications of local authorities and fishery

societies at home and abroad. Among the results of various

expeditions which are still in course of publication, may be men-

tioned the publications of the German " Plankton " Expedition, of

H.H. the Prince of Monaco, of the Norwegian North Atlantic

Expedition, and of the expedition of the Danish gunboat Hauch.

Gifts and exchanges have been made during the past year of the

publications of the Royal Societies of London and Edinburgh, the

Zoological Society, the Royal Microscopical Society, the Academies

of Copenhagen and Stockholm, the Harvard Museum, the Australian

Museum, the Bergen Museum, the College of Science at Tokio, the

Royal Society of Victoria, the Natural History Societies of Finland,

Norway, the Netherlands, Boston (U.S.), and many others. To
these Societies, and to the numerous donors of books and papers,

the Council render the thanks of the Association.

In addition to such gifts and exchanges, the Library purchases

all the most important periodicals which bear upon marine zoology.

The Museum and Exhibition Series.

The type-collection of the Plymouth fauna has been materially

added to during the past year.

The series of specimens mounted for exhibition, to which reference

was made in the last report of the Council, has been considerably

increased, and has won great attention on the occasions on which it

has been shown, viz. the meeting of the Museums Association in

London, 1893, the soiree of the Royal Microscopical Society, 1894
;

the two soirees of the Royal Society, 1894 ; and the Cornwall Fisheries

Exhibition, 1893.



REPORT OF THE COUNCIL. xix

At this last Exhibition, which was held with a view to the foun-

dation o£ a Fisheries Technical School in Cornwall, the Association took

a prominent part. Besides the exhibition of mounted specimens

illustrating the rate of growth in food-fishes and the richness of the

Plymouth fauna for scientific work, &c. &c., a complete set of a

naturalist's equipment of dredges, trawls, and tow-nets was shown,

and lectures were delivered by Mr. Cunningham on '' The Natural

History of Marketable Sea-Fishes," by Mr. Garstang on '' Animal

Life in our Seas and the Methods for its Investigation," and by the

Hon. Secretary on the '' Conditions for Successful Oyster Culture."

A medal was awarded to the Association for its services to the

Exhibition.

The Staff.

Through the generosity of the Worshipful Companies of Fish-

mongers and of Drapers, each of which has made a special donation

of £105 for the purpose, the Council has been enabled to retain the

services of Mr. Holt at Grimsby for a third year.

The Council regret that Mr. Garstang, desiring to prosecute

original researches elsewhere, has not offered himself for re-election.

As the post has been an annual one, the Council do not consider

that the finances of the Association justify them in filling it up at

present.

Scientific Investigations.

Both Mr. Cunningham and Mr. Holt have continued during the

past year their inquiries into the various questions relating to the

maturity of food-fish which were so prominent last year before the

House of Commons Select Committee on Sea Fisheries, and upon

which much information is still required. The value of the evidence

adduced on these points by the officers of the Association has been

acknowledged in the Report of this Committee.^

Mr. Cunningham has finally settled by direct experiment the

much-debated question of the identity of the eg^ of the pilchard.

He has been able to rear the larvae of plaice, hatched and fertilized

in the aquarium at Plymouth, to the age of thirty-seven days ; no flat-

* " Your Committee have however, had an advantage over any previous fishery inquiry

in the fact that they have had laid before them the statistics which have of recent years

betn collected by the Board of Trade, and the statistics compiled by the officers of the

Scottish Fishery Board ; and they have also had the evidence founded on the observations

of the scientific experts employed by the Marine Biological Association, and by the Scottish

Fishery Board. Indeed it may almost be said that this is the first fishery inquiry in which

the more important complaints have been founded, not merely on the statements and the

ideas of rival classes of fishermen, but upon facts and statistics."

NEW SERIES. VOL. Ill, NO. III. 19



Leptomysis mediterranea, G. O. Sars.

Apseudes Latreilli, M. Edw.
Corijpliella sviaragdina, A. and H.
Doliolum tritonis, Hevdm.
Thalia democratica-mucronata, Forsluil.
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fish larvae have hitherto been reared in confinement from the ovum
to this age, and this result is of great economic value.

Mr. Holt's valuable statistical observations on the fish landed at

Grimsby have been continued. From his watching of the results of

the newly opened Iceland fishery, on which he contributes a paper to

the last number of the Journal, may be expected interesting light as

to the effect of fishing on a virgin ground, with a direct bearing on the

problems presented by the North Sea. The arrangement by which

the Association contributes towards the expenses of the Cleethorpes

Aquarium of the Marine Fisheries Society (Grimsby) in return for

Mr. Holt's use of their Laboratory and tanks, is being continued for

a second year.

Mr. Garstang reports that the following were the more interesting

additions to the list of the Plymouth fauna during the past year :

Amjohicodon amphipleurus, Haeckel.
|
Erijtliroj^s elegans, G. O. Sars.

Coryne vermicularis, Hincks.' Mysidopsis gibbosa, G. O. Sars.

Garveia nutans, Str. Wright.
Depastrum cyathiforme, M. Sars.

Fecanipia erythrocephala, Giavd.
Eupolia curta, Hubrecbt.
Heteromysis formosa, Smith.

A Doris and a remarkable Tectibranch, both of which are new to science, have
not yet been described.

A number of interesting analyses of sea water have been made by
Mr. Frank Hughes for the Association, and experiments on the

changes produced in sea water in aquaria are being carried out

by the Director.

Occupation of Tables.

The following naturalists have occupied tables in the Laboratory

during the past twelve months :

E. J. Allen, B.Sc, University College, London (Development of Decapod
Nervous System).

G. P. Bidder, B.A., Naples (Porifera).

E. T. Browne, B.A., University College, London (Meduste).
Miss F. Buchanan, B.Sc, University College, London (Chsetopoda).
F. W. Gamble, B.Sc, The Owens College, Manchester (Turbellaria).

S. J. HiCKSON, M.A., D.Sc, Cambridge (Development of Alcyonium).
W. T. Hughes, Birmingham (General Zoology).
E. W. MacBride, M.A., Cambridge (Development of Asterina).

T. H. Riches, M.A., Plymouth (Development of Nemertina).
T. C. Sumner, Royal College of Science, London (Nudibranchiata).
Prof. W. F. R. Weldon, F.R.S., University College, London (Variation of

Carcinus moenas).

Surgeon P. W. Bassett-Smith, R.N., Plymouth, and Mr. H. R. Battye,
B.Sc, University College, London, have also made use of the Laboratory
without formal occupation of a table.

The following papers, either wholly or in part the outcome of

work done at the Plymouth Laboratory, or by members of the staff



REPOET OP THE COUNCIL. xxi

stationed elsewhere, have appeared in the publications of learned
Societies and in scientific periodicals during the past year ; in

addition to those which have been published in the Journal :

Allen, E. J.—On the Central Nervous System of Crustacea, Quart. Journ
Micr. Sci.

Cunningham, J. T., and C. A. MacMunn.—On the Coloration of the 8Mns
of Fishes, especialhj Pleuronectidie, Phil. Trans. Roy. Soc, clxxxiv, B.", 765.
Garstang, W.—On the Relations of Hesse's Boto uncinata to the genus

HancocMa, Concbologist, ii, 110.

Garstang, W.—Note on SalensJcy's account of the development of the Stigmata
in Pyrosoma, Tr. Liverpool Biol. Soc, vii. 245.
Ga'RSTANG,W.— On someBipinnaria3 from the English Channel, Quart. Journ.

Micr. Sci., xxxv, 451.

Garstang, W.—Prelhninary note on a new theory of the Phytogeny of the
Chordata, Zool. Anz. 1894.
Holt, E. W. L.—Studies in Teleostean Morphology, from the Marine Laboratory,

Cleethorpes, Proc. Zool. Soc, 1894.
MacBride, E. W.—The Organogeny of Asterina gibbosa, Proc. Roy. Soc,

liv, 431.

Weldon, W. F. R. "W.— Certain Correlated Variations in Carcinus moenas,
Proc. Roy. Soc, liv, 318.

Donations and Receipts.

The Receipts for the past year include the annual grants from
H.M. Treasury (£1000) and the Worshipful Company of Fishmongers

(£400) ; a special donation of £105 each from the Worshipful Com-
panies of Fishmongers and of Drapers ; annual subscriptions have
produced £178, composition fees £15 15s., the rent of tables in the

Laboratory £36, the sale of specimens £197, the admission to the

aquarium £77; the total amounting, with lesser sums, to £2172.
The statement of Receipts and Expenditure will be found below.

The Vice-Presidents, Officers, and Council proposed by the

Council for 1894-95 are

—

President.

Prof. E. Ray Lankester, LL.D., F.R.S.

Vice-Presidents

The Duke of Argyll, K.G., K.T.,

F.R.S.

The Duke of Abercorn, K.G., C.B.

The Earl of St. Germans.
The Earl of Morley.
The Earl of DuciE, F.R.S.

Lord Walsingham, F.R.S.

Lord Revelstoke.

The Right Hon. A. J. Balfour, M.P.,

The Right Hon. Joseph Chamber-
lain, M.P.

Prof. G. J. Allman, F.R S.

Sir Edward Birkbeck, Bart., M.P.
Sir Wm. Flower, K.C.B., F.R.S.

The Right Hon. Sir John Lubbock,
Bart., M.P., F.R.S.

Prof. Alfred Newton, F.R.S.

Sir Henry Thompson.
F.R.S.

1

Rev. Canon Norman, D.C.L., F.R.S.

Captain Wharton, R.N., F.R.S.
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Sir John Evans, K.C.B., D.C.L.
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Director's Report.—No. III.

Since the publication of the last number of this Journal six

months have elapsed, and in so short a time no great development

in an institution of the nature of this Laboratory can be expected.

But the Laboratory has not yet reached its teens, and at the present

early age a perceptible amount of growth and improvement should

show itself from year to year.

The number of gentlemen who have carried on researches here

has shown no diminution, but has not sensibly increased. In one

respect the list given below may be regarded as showing an

improvement ;—it is not exclusively formed of zoologists. Mr.

Darnell-Smith, a chemist and naturalist, has been good enough to

take up an investigation I suggested in my last Report, and his

results concerning the action of Alg^ on the sea-water in which they

live are most interesting. They will be published in the next

number of this Journal. It is to be hoped that the study of animal

physiology will soon be undertaken here once more. The number
of marine animals is very great, which, by reason of various degrees

of transparency, allow their internal anatomy and the behaviour of

internal organs in activity or in repose, under normal and abnormal

conditions, to be seen during life. Many of such animals are highly

convenient for microscopic examination, and there is no doubt that

such objects are of great assistance in studying the functions of

living digestive, secretory, excretory, and, in fact, all the cells of

the different systems of organs. Work of this kind has already

been done on fresh-water and marine animals, but the immense

variety of the transparent animals in the sea seems to afford special

advantages. Material of this nature is constantly being brought

into the Laboratory.

For some time past no scientific men from abroad have visited

the Laboratory for any length of time. With all due respect to

the " big brother '^ at Naples, I would like to remind those whose

eye this may meet that there is a time of the year when Naples is

hardly a desirable place of residence, and that Plymouth is just at

this time one of the most attractive spots in England. The
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beautiful counties of Devon and Cornwall are on either hand,

Dartmoor is behind our back, and we look out upon the English

Channel with its mingled northern and southern forms of life.

There are, I am sure, enthusiastic naturalists abroad who would like

to spend their summer holidays at the work which can so comfortably

be done at this Laboratory. They would find, if they will but try the

experiment, that an English summer has charms equal to those of

an Italian winter and spring, and what is not unimportant to most

scientific men, that the advantages of cheap lodging and living are

not confined to the Continent.

Mr. Garstang, who has for some years occupied different posts at

the Laboratory, has kindly consented to give a summary of his notes

on the seasonal variations of the local fauna, and the data in this

number of the Journal will to a certain extent be an indication of

what may be expected to occur during the summer.

Mr. Grarstang left the service of the Association on May 30th.

He has since paid a visit to the Laboratory, and collected fresh

material, and it is to be hoped that he will often be tempted to

revisit the spots he has studied so closely and knows so well.

The specimen trade has since his departure been in my hands.

I am glad to report that it is increasing rapidly ; to such an extent,

in fact, that it is interfering with a higher phase of my duties, the

investigations which have been slowly growing under my hands.

The study of the influence of external physical conditions on the

character and distribution of pelagic life (Plankton) is full of

charms on account of its constant variety, and it is this also which

makes it a particularly time-devouring study. I have found the

complicated conditions of the currents in Plymouth Sound make the

solution of the causes of the movements of Plankton practically

hopeless as regards this locality. But comparative observations on

the character and quantity of Plankton at different distances from

the land, until we reach the Channel current, have given some

striking results. There is at certain times a great difference in the

relative quantity, and correlated with this a proportional difference

in the quantity, of mackerel in the Sound and outside it. This

subject will, I feel sure, yield most interesting results before long.

The boats at our disposal are by no means capable of doing all

that could be done to support the functional activity of the Labo-

ratory. The small steam-tug " Lorna," which we hire, can only

leave the Sound on calm days. Our small sailing boat, the " Auton

Dohon," has done excellent service, but is not capable of covering

long distances within a reasonable time. I have been able to

increase her efficiency materially by the addition of a centre-board

to haul up in shallow water or when running before the wind, and
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to lower when sailing close to the wind. She can now very often

do her day's work with a considerable gain in time, bringing up
material quicker, and hence fresher and earlier in the day.

The export of living animals is proving more and more successful

as experience is gained, and it is increasing in importance. Members
of the Association living inland can generally obtain a supply of sea-

Avater by rail once or twice a year, and with a few simple precautions

it can be used to keep alive marine animals and plants sent from Ply-

mouth, some of which,—sea-anemones, for instance,—will live for

years ; others could be replaced at intervals as they die. Larvee of

Crustacea could be watched as they pass through their metamorphoses,

for Aminifera could be kept alive and their growth observed, and no

doubt many new and interesting facts would be collected by means
of a little application and study of such animals in small aquaria.

I have been able to remedy a serious defect in the arrangements

for supplying sea-water to the Laboratory. During the month of

August it Avas noticed that the water pumped up was not fit to use,

and it was not allowed to pass into the circulation. It had been proved

a short time previously that the water obtained in the same way
was quite as good as water from the Channel for rearing Fora-

minifera. The abnormal condition persisted for a time and then

disappeared and reappeared, until at last a dead fish was pumped,
and then a large piece of fucus, and so on.

Appearances pointed to a defect in the supply pipe which runs

out from the base of the rocks below the Laboratory for a distance

of fifty yards and lies on the sea-bottom. A diver went down to

inspect and soon reported that the iron pipe was broken across near

the outer end, and that the near end was buried in mud. I decided

to repair the pipe at once, and as the weather permitted, it was put

right in three days, the broken length of pipe removed, the lengths

of the detached portion taken off one by one and connected with the

shore end, and on the upturned end of the last length the large rose

was replaced. Still for three weeks the water pumped up had
something unusual about its smell and appearance, and at last the

dead body of an eel, four feet long, which must have been shut in

the pipe by the diver, came up. Since this time (20th September)

the water has come up clear and fresh, and a state of affairs which
may have lasted a couple of years or more, has come to an end.

The probability is that the anchor of some ship caught the pipe

and fractured it ; the difficulty is to explain the presence of a vessel

large enough to do the damage so close to the shore (thirty yards).

Maybe the great storm of March, 1891, is to to blame for this ; the

wind blew off-shore for some time, and a vessel so close to the rocks

would not have been in immediate danger.
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This number of the Journal consists almost entirely of papers on

the results of work done at this Laboratory or at the Cleethorpes

Laboratory by Mr. Holt. I need say nothing of what my colleagues

have done, but I should like to add that the short abstract given by

Mr. Allen gives the main points only of a series of papers published

elsewhere, detailing the outcome of more than a year of laborious

research which Mr. Allen spent at the Laboratory. The original

papers are illustrated with plates containing a number of complicated

figures, showing the course of a large number of the nerves in the

lobster and other histological details.

This Journal has for some time been devoted almost entirely to the

publication of work done by the naturalists of the Association, and

private workers in the Laboratory. It is now proposed to resume

the insertion of articles on the subjects with which we are concerned,

abstracted from foreign publications, or contributed by colonial,

American, or continental workers in the same fields. Many of

H.B.M. Consuls may have useful and interesting information on the

many sides of the subject of sea fishes and sea fisheries, oyster-culture,

fish-hatching, and breeding. I beg to invite the gentlemen abroad,

who are employed on similar work to ours, to send either early copies

of their publications, or to communicate the main results of their work
for the benefit of our members and other readers.

October, 1894.

Edward J. Bles, Director.

E. J. Allen

A. Minchin

0. Sumner •{

J. J. Lister

M. D. Hill .

E. T. Browne
G. P. Darnell-Smith

G. P. Bidder . .

W. Garstang . .

Governors' and Founders'

tables .

Oxford University

Rented a table .

Mercers' Company
Cambridge University

Rented a table

.

British Association

Rented a table

.

1st June, 1893—9th August, 1894.

13th March, 1894—2nd April, 1894.

9th April, 1894— 30th April, 1894.

1st May, 1894—1st June, 1894.

1st June, 1894—30th June, 1894.

1st July, 1894—1st August, 1894.

6th July, 1894—28th July, 1894.

13th July, 1894—21st July, 1894.

31st July, 1894 -27th August, 1894.

15th Sept., 1894—29th Sept., 1894.

27th Sept., 1894—4th Oct., 1894.
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The British Association for the Advancement of Science, 22, Albe-

marle Street, W. £500
The University of Cambridge £500
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The Worshipful Company of Fishmongers, London Bridge £2000
The University of Oxford £500
Bayly, Robert, Torr Grove, Plymouth £1000

Bayly, John (late), Seven Trees, Plymouth £600
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889 The Worshipful Company of Grocers, Poultry, E.C £100

884 The Royal Microscopical Society, 20, Hanover Square, W. £100

884 The Royal Society, Burlington House, Piccadilly, W. £250

884 The Zoological Society, 3, Hanover Square, W. £100

884 Bulteel, Thos., Badford, Plymouth £100
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888 Bury, Henry, B.A., Trinity College, Cambridge £100
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Director's Report.

Impoetakt clianges have taken jDlace in the staff of the Plymouth
Laboratory, owing to the resignation of Mr. E. J. Bles and the

transference of Mr. Cunningham to the North Sea, to continue the

fishery investigations carried on there. It is with great regret that

I have to report that, owing to the unsatisfactory state of his health,

Mr. Holt is unable to continue the valuable work which he has been
doing for the Association.

Two naturalists are at present visiting the Laboratory—Mr. J. C.

Sumner, who has occupied since the beginning of January a British

Association Table, and is engaged in a study of the Echinoderm
fauna of Plymouth, and Mr. Eichard Assheton, M.A., who is studying

the development of Elasmobranchs.

An important alteration is in contemplation in the system of sup-

plying sea-water to the tanks in the Laboratory, which it is hoped
will lead to more satisfactory results than have previously been at-

tained. In addition to this, arrangements are being made to bring

in water from the open sea in sufficient quantity for delicate experi-

ments, and a definite study of the conditions necessary for the

healthy life and development of marine organisms in confinement

will be attempted. In this connection I may draw attention to the

interesting results contained in the paper by Mr. Darnell-Smith,
published in the present number of the Journal. Mr. Darnell-Smith
purposes continuing this work during the summer.

I am glad to be able to announce also that the Council have
authorised the expenditure of a considerably larger sum for boat-

hire during the present year than has been spent in previous years,

and it will now be possible to extend the regular dredging and
trawling work along the coast, and to visit the rich outlying grounds.

It is fully recognised by zoologists that the work of the Association

has been very greatly hampered by the want of a larger boat, and it is,

in part, to make it clear to all that this is the case that the extra money
is to be spent on boat-hire for this year. I would, therefore, make a
special appeal to naturalists for support during the fresent year, as I

am fully convinced that the results which are attained will have an
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important bearing on the question of our having a suitable boat of our

own. A general scheme will be set on foot to map out the fauna and

flora of the neighbourhood, and to arrange types for the museum ; and

the Council has directed that tables be placed at the disposal of natur-

alists who will be willing to assist in this work. I shall be glad to hear

from any workers, either zoologists or botanists, who would render

help in such faunistic work. An exceptionally good opportunity is

thus offered to young men who have recently finished their University

course, and are anxious to gain experience in the outdoor work of

Marine Natural History. At the same time increased advantages in

the supply of material will be afforded to all naturalists who visit the

Laboratory, and it is hoped that an exceptional effort will be made to

do so by all who are interested in the prosperity of Marine Biology in

this country.

Special attention is being paid to the reagents supplied to workers

in the Laboratory, and all stains and more delicate chemicals are

being obtained from Dr. Griibler's Laboratory, Avhich offers the very

best guarantee of their suitability for the purposes for which they are

required.

The unexpected loss of Mr. Holt's services, and the fact that

Mr. Cunningham has taken charge of the work in the North Sea,

render it impossible for me to indicate at the present moment the

definite plan of fishery work which will be adopted at Plymouth for

the year. This will, however, be arranged with as little delay as

possible, and no effort will be spared to carry it to a successful con-

clusion.

E. J. Allen.

February, 1895.
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A List of the Nemertines of Plymouth Sound.

By

T. H. Riches, B.A.,

Caius College, Cambridge.

The present list, the result of observations made at intervals in tlie

course of last year, was undertaken with the view of determining for

embryolog'ical purposes the resources of the Sound with regard to this

group. It includes the species obtained during a great part of the

year 1892.

Of the species recorded by Mcintosh (1) as British, all but seven

are here enumerated.* Of these seven, three, Amphij^orvs hastatus,

Tetrastenima Rohertianse, and VaJencinia lineformis, are northern

forms, occurring in Bressay Sound, Shetland, though one specimen of

the first has been taken by Hubrecht (2) at Naples, and two by Joubin

(4) at Eoscoff. One, Borlasia Elizahethsa, is a southern form, not yet

recorded north of Herm. The fourth, Mechelia asulcata, described by
Mcintosh as having a wide range, has not been met with by any

other writer. The fifth, Nemertes carcinophila, though included among
the British Nemertines, has apparently not been found on the British

shores—at least the only localities mentioned by Mcintosh are Messina

and the coast of Belgium. The last, Amphi'porus jpulcher, is said

" to be generally diffused round the British coasts in water eight

to thirty fathoms deep," and seems to be common on the French

coast and in the Mediterranean. I am inclined to think that a

species which I describe below under the name of Amphiportis

dissimulans, and which much resembles A. pulcher in appearance,

has occasionally been taken for the latter.

Since the publication of the monograph I only know of one addition

to the Nemertine fauna of Britain, the interesting Carinoma Armandi.
This has unfortunately not yet been found here.

The total number of species here recorded is thirty-two. Four

of these are new, Tetrastemma nigrum, T. immutahiJe, T. amhiguum,

and Amphiporus dissimulans; one, Nemertes Candida, is new to

* An eighth, the deep-water Cerehratultis marginatus, should he added to the uuuiher of

the British species which I have not yet obtained.
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Great Britain; two are new to the coast of Britain, Carinella poly-

morpha and Micrura aurantiaca, these not being recorded previously

north of the island of Herni ; while Drejpano'phorus ruhrostriatus, if,

as I believe, identical with Aniphiporus spectabilis, has not been met
with north of Gruernsey.

Of the parasitic forms I have only obtained Malacobdella. I have,

however, examined several specimens of Galathea strigosa for Dieck's

Cephalothrix Galathese, which he describes as parasitic upon the eggs

and on the gills of this crustacean, and which I believe no other writer

has seen. With regard to this species, I may remark in passing that

it has been erroneously referred to the genus Carinella by Joubin

and J. V. Cams (8). With the same want of success I have

examined large numbers of specimens of Phallusia mammillata and

other Ascidians for Joubin^s Amphiporus vittatus and Tetrastemma

Marionis, and an examination of female specimens in berry of Carcinus

mienas has not resulted in finding Nemertes carcinophila.

In spite of the, in many cases, brilliant colours exhibited by
Nemertines, and although many of them are conspicuously marked,

I have been unable to find any very definite relation in this respect

to the surroundings. This want of relation is especially marked among
the Tetrastemmidte, which exhibit a very large amount of colour

variation, and yet varieties the most divergent in this respect live to-

gether under apparently the same conditions. The genus Tetrastemma

exhibits a very high degree of variation among its members, not only

in colour, but also in marking and in general appearance unconnected

with colour. These variations will be described in some detail below.

I will only now remark that varieties have been obtained which in

many respects connect such well-marked species as T. candiduvi , T.

vermiculatum, and T. melanocephalum.

The observations of Keferstein, Claparede, and others on the

existence of otocysts among the Nemertea seem not to be in favour

with most modern writers. Biirger (6), however, in a paper published

in November, 1891, stated that he had observed otocysts of oval

form which were situated one on each half of the brain in some un-

identified enoplous Nemertines, which he found living in sand with

Llneus lacteus and Amphioxus. A week later du Plessis (11)

published a paper on the subject, in which he described a pair of oto-

cysts which he found in a thin orange-red eyeless Nemertine of 15 to 20

mm. in length, obtained under stones between tide-marks at Nice.

These otocysts resembled those described by Burger, and differed in

many points from those observed by Claparede and Keferstein. On
May 14th I found in sand on Drake's Island between tide-marks a few

specimens of an armed Nemertine associated with Linens lacteus.

Each of these specimens exhibited a pair of otocysts of relatively large
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size^ one on eacli ventral brain lobe just posterior to tlie ventral

commissure. In the centre of each capsule was a single refringent

otolith ; no cilia could be detected. Like the two previous writers,

with whose accounts I was not at that time acquainted, I failed to

identify the bearers of these interesting structures. They were

unfortunately lost before I had completed my examination of them.

The following points, however, were made out :—Length from 1 to 2

cm. Two of the specimens were pure white, the third was pinkish

posteriorly ; brain conspicuously red ; head rounded, with oval trans-

parency in dorso-median line
;

generative organs ripe. Proboscis

long, reaching to end of body, with anterior terminal pore, with

median stylet and two accessory capsules, one containing several

reserve stylets, the other only two ; mouth in front of ganglia ; eye-

less. It seems to me very probable that Biirger, du Plessis, and

myself have found the same species, since not only are the otocysts

precisely the same in structure, but the accounts of the worms them-

selves, though meagre, are in agreement, and all of them are found

living under the same conditions. Du Plessis attempts to correlate

the presence of otocysts with the absence of eyes, bvit the latter

condition is not infrequent among Nemertines, while the rarity of

those with otocysts is sufficiently evinced by the general scepticism

with which their existence has been regarded. Joubin, inhis Poliopsis,

describes structures which he at first took for otocysts, but afterwards

found to be the blind ends of the ciliated canals of the side organs.

The otocysts above mentioned cannot, however, be thus explained away.

The classification of the Nemertines has until lately been very

defective. In 1890 Biirger, in his admirable paper on the anatomy

and zoology of the Nemertea (6), very ably criticised Hubrecht's

system, which he showed to be untenable, and proposed temporarily

to return to that of Schultze. In the following year (6) he brought

out a new scheme dealing with the primary subdivisions only. In

his system these are four in number, and are based upon the

situation of the nerve-stems. Last March (7) this system was further

developed and carried into detail as regards three of the subdivisions.

One of them, however, that corresponding to the Enoj^la of Schultze,

was left for a future paper, which as far as I am aware has not yet

appeared.

As this classification will be the one here adopted, it may be well

to state at once its leading characters. According to Biirger'

s

scheme the whole group consists of the four following orders :

I. PROTONEMERTINI [Carinella, Garinina, and Euhrechtia) .—

Lateral nerves outside the circular muscular layer, situated either in

the epidermis or beneath the basement membrane.
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II. MESONEMERTINI {Cefhalothrix and Ca?moma).—Lateral

nerves liave penetrated the circular muscular layer^ and lie embedded

in the longitudinal layer.

III. METANEMERTINI (Hoplonemertini of Hubrecht).—

Lateral nerves have penetrated the longitudinal muscular layer, and

lie in the body parenchyma.

IV. HETERONEMEB.TINI (Schizonemertini of Hubrecht, to-

gether with the genera Etqwlia and Valencinia)

.

—Lateral nerves in

the same position as in Garinella, but between the epidermis and the

circular muscular layer a layer has developed consisting of gland-

cells, connective tissue, and longitudinal muscles, in which the nerve-

stems lie.

Of these divisions, that of the Protonemertini is of course regarded

as the oldest, and Biirger regards it as giving rise to the Mesonemertiiii

through Garinella, and to the Heteronemertini through his new form

Huhrechtia desiderata, for which he has established a new family,

Huhrccldiadw. The Metanemertini he considers to have arisen from

the Mesonemertiiii.

The subordinate changes concern the order Heteronemertini. This

order is divided into two families,—the Eupoliadse, including the

genera Euj)olia and Valencinia ; and the Lineidee. The latter

consists of two sections, the Micrurse and the Amicrnrse, characterised

by the presence or absence of a caudal appendage. To the

Amicrurse belong the genera Micrura, Gerebratnlus, and Langia. Of

these the first two were united by Hubrecht under the name of the

second. They are now again separated, the differentiating characters

being those of general shape and mode of life.

In the above arrangement of the Lineidae there is obviously a

return to the scheme laid down by Mcintosh. Hubrecht objected to

the caudal appendage being regarded as a feature of generic value,

and while thus abolishing the genus Micrnra and including its

species under Gerehratulns, he added to the latter all the shorter and

broader species included by Mcintosh under Linens, with the result

of establishing two genera. Linens and GcrehratvliLS, with absolutely

no point of difference except a very problematical ontogenetic

difference. With oui- present knowledge there are, it appears to

me, only two ways out of this difficulty. Either the genera Linens

and Gerehratulus must be fused into one, with the result of forming

a very large genus—a method of escape suggested by Hubrecht

himself (3) ; or there must be a reversion to the Mclntoshian system,

which, with some alterations in detail, is the method adopted by

Burger. Of the two alternatives there can be no doubt that the last



NEMERTINES OF PLYMOUTH SOUND. 5

is much tlie better, and in spite of the absence of any striking

structural differences between the genera Gerehratulus and Micrura,

and only that of the caudal appendage between these and Linens,

this arrangement is much more convenient and natural.

With regard to the spawning periods of the various species my
observations are not at present very complete. It may, however, be

stated generally, that during the whole year some one or more

species are breeding, and I was considerably astonished to find a

large number of species with ripe generative products from late

summer to the middle of December when I left Plymouth. During

this period my specimens of A. dissimulans laid several batches

of fertilized eggs, and all the species of Tetrastemma and many
Schizonemertines were ripe, as was also the parasite Malacohdella.

The tow-net, too, contained many pilidia of different species, as well

as numbers of Cephalothrix larvae. The presence of the latter was

surprising, as I did not meet with any ripe adults later than

August.

I have nothing to add to the observations of Joubin on the ver-

tical distribution of these forms, with which my own substantially

agree.

I have not attempted to give a list of the synonyms ; a few only

are given in the case of especially interesting species, or where there

have been any recent changes in nomenclature.

The definitions of the different groups are those of Biirger.

Order l.-PROTONEMERTINI, Biirger.

Brain and lateral nerves lie outside the muscular coat of the body-

wall, either in the epidermis or beneath the basement membrane.
Body-wall consists of epidermis and of a circular and longitudinal

muscular layer. Mouth behind brain. Proboscis without a stylet.

Family CARINELLID^ {Mcintosh).

Genus CARINELLA, Johnston.

1. C. POLYMORPHA, Rcnier, Huhrecht.

Valencinia splendida, de Quatr.

TUBULANTJS POLYMOEPHUS, Renier.

Carinella annulata (pars), Mcintosh.

Only one specimen has been obtained. It was dredged in

25 fathoms off Stoke Point on March 22nd, and its occurrence
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was recorded in the Journal of this Association for that month. As
I then pointed out^ it has not before been noticed on the British

coast. I suggested, however, that a worm described by Mcintosh
as a variety of G. annulnta, and obtained by him from the island of

Herm, was probably identical with this form, and I am still inclined

to think that this is the case. In the record to which I have
alluded, I mentioned that upon very close examination under a lens

extremely faint lines could be detected, apparently similar in position

to those of G. annulata, except that the median ventral line was
absent ; these lines not being white, but distinguishable by the red

colour being along their course somewhat paler than elsewhere. In

the absence of the median ventral line this species resembles

C. Mclntvshii. In his specimen from Herm Mcintosh describes a

pale lateral line on each side, and faint transverse bars on the

dorsum. These lines are not mentioned by other writers, neverthe-

less the general ground colour and the shape and size of the head
sufficiently characterise my specimen as belonging to this species.

Distribution : Naples, but not common (Burger) ; fairly common on
French coast (Joubin).

2. C. LINEARIS {Montagu, MS.), Mcintosh.

LiNEUS LINEARIS, Montagu, MS.
Carinella albida, Burger.

The validity of this species has lately been called in question by
Joubin, who is inclined to regard it as identical with Valencivia

longirostris. There is no doubt great external similarity, but sections

clearly reveal that the two specimens which I refer here belong

to the genus Garinella, and not to Valencinia. The position of the

nerve-cords between the basement membrane and the muscular coat

of the body, and the absence of an outer longitudinal muscular layer,

in which in Valencinia the nerve-stems lie, are quite conclusive as

to this.

Both my specimens were dredged at the Duke Rock, the one

on May 17th, the other on September 30th. Both were small,

the second specimen measuring 1 cm. in length and 0"5 mm. in

breadth. The first specimen was too mutilated to allow of measure-
ment, but, judging from the size of the head, was much the same
length as the other. The colour was milk-white in both cases, but

in the first specimen there was a reddish tinge over the head. A
transverse groove was present at the back of the head dorsally, but

was difficult to trace. The head was broader than the body and
somewhat spathulate, though its mobility was such that no very

definite shape could be assigned to it, the snout being at one time
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pointed, at another rounded in outline. Passing from tlie point of

the snout to the posterior region of the head was a median dark

line, due apparently to a central opacity in this position, the rest of

the head being relatively transparent. The mouth was a longi-

tudinal slit in the position characteristic of the genus. The eyes

were absent.

The short description which Biirger gives of his Carinella alhida

is so applicable to my specimens that I am inclined to regard it as

identical with this species.

Distribution : South coast of England, and Lochmaddy in the

Hebrides (Mcintosh) ; Eizomi di Posidonia, Posilipo, not uncommon
(Biirger).

3. C. ANNULATA, Moutagu.

Valencinia oenata, Quatr.

Caeinella annxjlata (pars), Mcintosh.

— — (pars), HuhrecM.

— — Joulin.

In the Carinella annulata of Mcintosh, Biirger distinguishes two

species, differing in colour, marking, size, and in the number and

structure of the side organs.

Of the present species only one specimen has been obtained, and

this was a fragment without head or tail of about 1 cm. in length.

It was, however, readily recognisable by the presence of a median

ventral white line. This specimen was dredged in nearly 40 fathoms,

about six miles S.E. of the Mewstone. The apparent rarity of this

species is, I believe, solely due to its living at depths at present

quite inaccessible to us. While at St. Andrews I obtained a large

number of specimens which were found adhering to the long lines

of the haddock fishermen, and were thus brought up from consider-

able depths.

4. C. McIntoshii, Burger.

Carinella annulata (pars), Mcintosh.

— — (pars), Muhrecht.

— Aeagoi, Joubin.

Not uncommonly dredged in from 5 to 20 fathoms. Readily dis-

tinguishable from the last by its much smaller size, its white snout,

the different relation of the white rings to each other, and the

absence of a median ventral white line.

The chocolate variety, though rarer than the dark red, has been

met with on several occasions. Many specimens obtained during
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the summer months had the white dots on the dorso-lateral regions

of the middle and posterior parts of the body which mark the

external openings of the generative organs. Whether the presence

of these spots indicates sexual activity I do not know. Although

many specimens were kept in captivity they did not spawn.

Order 2.—MESONEMERTINI, Biirger.

The lateral nerves are pushed down into the body musculature.

The body-wall consists of epidermis, a circular and a longitudinal

muscular layer. Mouth behind brain. Proboscis without a stylet.

Family CEPHALOTHRICIDiE, Mcintosh.

To this family, in addition to Cejjhalothrix., Biirger assigns Cari-

noma. He characterises it as follows :—Lateral nerves situated in

the longitudinal muscular layer. Neither cephalic grooves, clefts,

nor side organs present.

The negative characters here assigned, and which are repeated in

the definition of the genus Gephalothrix, can scarcely be accepted in

vicAv of the recent positive statement by Joubin of the existence of

side organs in Cephalothrix linearis, strengthening as it does the

earlier assertion of Barrels (9) to the same effect. In 1877 Barrois

stated, " Les organs lateraux du Cephalothrix linearis sent, en

general, pen accuses ; c'est la, ce qui fait que plusieurs auteurs les

ont laisse passer inaper^us et ont dessine le Nemerte comme en

etant depourvu
;

je me suis assure que c'etait la une erreur : ces

organes existent tres-bien chez le Cephalothrix adulte et y present-

ent, avec le systeme nerveux, une disposition analogue a celle des

Linens."

This statement has been persistently neglected, but now that

these organs have been again described, and this time with figures,

their existence can scarcely be doubtful.

Gemis CEPHALOTHRIX, Oersted.

5. C. LINEARIS, Rathhe, Oersted.

This species appears to be much less common than the next, and
reaches a very much greater size. Though I have never found any
specimens of the gigantic length of 50—60 cm., such as Joubin
describes are obtained on the French coast, I have had several
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varying from 10 to 15 cm. in length. A few individuals have been

obtained by dredging in the deeper water outside the Breakwater^

but the bulk of my specimens have been obtained in the sand

between tide-marks at Rum Bay. They have not yet been found in

a similar situation in any other locality. Joubin states that his

specimens came from black muddy sand, and he contrasts this

species with G. hioculata in this respect, as, according to him, the

latter lives in pure yellow sand. This difference of habitat in the

case of the two species does not appear to hold good for Plymouth

forms. Here both species are found in clean coarse sand, and I

have occasionally found C. hioculata in black mud.

6. C. BiocuLATA, Oarsted.

This common species may be obtained almost everywhere between

tide-marks. As I have already said, a few specimens have been

occasionally found in black mud, but the majority in clean, coarse

sand. Large numbers live among corallines, and may be captured

by collecting the latter. Unless Biirger's G. hymenseus is a variety

of this species, it does not occur at Naples, but the difference

between them is very slight, consisting as regards G. hymenseus in a

reduction of the red pigment on the head to the two red specks, and

the presence of grains of blue pigment in the latter. A difference of

habitat is also mentioned, G. hymenseus never being found in sand,

but associated with Tetrastemma coronatum. At Plymouth Tetra-

stemma coronatumis abundant among the corallines in tide-pools, where

it is associated with the present species.

The breeding period lasts from early spring until the beginning of

autumn. Ripe specimens were first found in April, and none were

found later than August. As I have already mentioned, pelagic larvge

were obtained from the tow-net as late as December. The largest of

these was 3 mm. long, and was provided with an additional pair of

marginal lappets, situated between the pair figured by Mcintosh and

Barrels and the anterior extremity. The eyes were situated at the

margin of the head, and relatively far back. Some days after the

capture of this larva it gave up pelagic life, and sank to the bottom

of the vessel. About this time the eyes began to atrophy, and very

shortly the adult appearance was reached. I have succeeded in

getting this species to breed in captivity, and hope soon to publish an

account of its development.
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Order 3.—METANEMERTINI, Bimjer.

The lateral nerves have completely broken through the muscular

coat of the body-wall, and have come to lie within it in the paren-

chyma. The body-wall consists of epidermis, a circular muscular

layer, and a longitudinal muscular layer. The mouth is situated in

front of the brain. The proboscis, with few exceptions, is provided

with a stylet.

Family AMPHIPOEID^, Huhrecht.

Genus AMPHIPORUS, Ehrenherg.

7. A. LACTIFLOREOS, McLltosh.

Nearly as common as L. ohscurus. Lives between tide-marks

under stones. The arrangement of the eyes in two groups on each

side, the posterior group generally forming a triangle, with one eye-

speck (that most remote from the snout) much larger than the rest,

is very characteristic.

The colour is very variable ; many shades of white and whitish

pink are represented, but the commonest colour is perhaps light

brown. I have never met with a green variety, though this seems

common on the French coast, and has been found at Guernsey.

Ripe specimens and eggs were found in the early spring.

8. A. DISSIMULANS, n. sp.

I have established this species for a very abundant Amphiporus
which I at first took to be AmphijJorus pulcher. It agreed with this

species in the general shape of the body, with its oar-like tail ; in

the broadly spathulate pointed head, so different in appearance from

that of A. lactifioreus, and, in contrast to the latter, sharply separated

from the body ; in the arrangement of the eyes, which are never

divided into groups ; and in habitat occurring only in from 15 to 20

fathoms.

The average length is 5 cm. ; the colour is variable, but most

frequently is a very pale pink, the pink being rather pronounced

anteriorly, but posteriorly passing into a bluish tint. The tip of the

snout has a central papilla, from which an opaque line passes back a

short distance. The eyes are very numerous ; in one specimen I

counted forty on one side. The brain can be seen as a red object shin-

ing through the skin, but it is not so conspicuous as in A. lactijloreus.
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The arrangement of the cephalic grooves is somewhat peculiar,

it is the same as that described by Joubin in A. pulcher.

In the characters just given, the specimens included here do not

seriously differ from A. pulcher, but they differ essentially in the

structure of their proboscis, which resembles that of A. lactijioreus,

while that of A. pulcher, according to the description given by

Mcintosh, is widely different, and in the situation of their side organs,

which is in front of the brain as in A. lactijioreus, and not behind it.

These differences in proboscis structure and in position of the side

organs rendering it impossible to assign these specimens to the species

A. pulcher, it yet remains whether they ought not to be considered

varieties of A. lactijioreus . But against this view are the characters

above given of the shape of the head and of the tail, the number and

arrangement of the eyes, the position of the cephalic grooves, and

the difference of habitat, A. lactijioreus being a shallow water form,

and these specimens being never obtained in less than 15 fathoms.

It seems very probable that this species has been occasionally

described as A. pulcher. Joubin, for instance, in describing the

specimens at Roscoff and Banyuls says nothing of the peculiar

structure of the stylet region of the proboscis, so characteristic of the

latter species, nor does he mention the situation of the side organs.

On the other hand, he says that he has not seen the secondary

cephalic grooves described by Mcintosh ; and his figure of the arrange-

ment of the primary grooves is, as has been said, perfectly applicable

to this species. While, moreover, Mcintosh finds only twenty-three

eyes on each side of the head, Joubin describes as many as thirty-

five or forty-five.

Ripe specimens occur in the spring, but are more common in

October, at a time when A. lactijioreus is not breeding.

The only locality from which this species has hitherto been obtained

is the Millbay Channel, where it occurs in considerable numbers.

9. A. BiocQLATUS, Mclutosh.

Only one specimen of this northern species has been obtained.

It was dredged in Millbay Channel on November 18tli, with

many examples of the last species. Its length was about 1 cm. In

colour it was somewhat different from that of specimens previously

described, being a milky white, while the Shetland specimens were

dull orange, and the two obtained at Roscoff were green. The

description and figure of the head given by Joubin exactly apply to

the present specimen.

This species has not yet been found in the Mediterranean, and this

is the only record from the coast of England.
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Genus DBEPANOPHORUS, Huhrecht.

10. D. RUBROSTRiATOS, Huhrecht.

Amphipobtts spectabilis, Mcintosh.

This species has been the centre of much controversy, and there

is still some confusion regarding it. The controversy concerns the

identity or non-identity of the Naples Drepanophorus ruhrostriatus

with the Atlantic Amphiporus spectabilis of Mcintosh. Huhrecht is

of opinion that they are not identical, and he accuses Mcintosh of

having referred the anatomical points which he obtained from Medi-

terranean forms to Atlantic specimens, thus, according to Hubrecht,
" confounding specimens, species, and even genera." As far as I

understand Hubrecht^ s position, he maintains that there are two

species belonging to distinct genera, the one being an AmphiporiLS,

the other a Drepanophorus, and that these two present great external

similarity, and have hence been confounded ; that the Drejianophorus

is restricted to the Mediterranean ; and that the Atlantic form

described by Mcintosh as Amphiporus spectabilis is distinct from it,

being identical with the Aynphiporus splendidus of Keferstein and
Barrois, and not with the Cerebratulns spectabilis of De Quatrefages,

which he regards as synonymous with his own species.

Joubin, on the other hand, who has had the advantage of working

at both Atlantic and Mediterranean Nemertines, is of opinion that

the two are identical, though he does not appear to have had
anatomical evidence for this.

Apart from the very remarkable curved stylet in the proboscis,

the genus Drepanophorus is characterised by the presence of trans-

verse cgeca belonging to the proboscis sheath, these caeca being

arranged metamerically. And this character alone has been used by

Hubrecht in referring some of his " Challenger " specimens to this

genus. Now the specimens that I have obtained at Plymouth, which

are in complete agreement with the description given by Mcintosh

of Amphiporus spectabilis in his monograph (his views as to the

proboscis—which, however, he afterwards admitted to be erroneous

—

alone excepted), exhibit very clearly in sections these metameric

cgeca, so that no doubt can remain that they belong to the genus

Drepanophorus. This being so, is not the identity of the Amphi-
porus spectabilis of Mcintosh with Hubrecht's Drepanophorus ruhro-

striatus established ?

Five specimens have been found. The first came from weeds

dredged in Cawsand Bay on November lltli. It was 2 cm. in

length, and exhibited the bright red stripes shown in Joubin's
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figure. All the rest were dredged at Stork Point during the same

month, and were found inside the honeycombed stones with which

the bottom is there strewn. These specimens were considerably-

larger than the first, the largest being something over 6 cm. in

length and the smallest between 3 and 4 cm. In all these the

colour was much paler than in the Cawsand Bay specimen, the red

lines being represented by buff-coloured lines, and the intermediate

lines being grey instead of pale pink. In these larger individuals

the generative organs were ripe.

This species has not previously been recorded so far north. It

occurs on the Atlantic shores of France, but is much more common

in the Mediterranean. A single specimen was found at Guernsey by

Mcintosh.

Family TETRASTEMMID^, Huhrecht.

Genus TETRASTEMMA, Ehrenherg.

As has been already remarked, this genus is characterised by the

very high degree of variation which its members exhibit. It is for

this reason in many cases extremely difficult to identify a given

species, or to come to anything like a satisfactory conclusion as to

the amount and kind of difference which justifies specific separation.

Such conclusions as are expressed by the recognition of the following

species are provisional. They are, however, based on a considera-

tion of the kind and degree of variation exhibited in each case.

11. T. FLAViDUM, Ehrenherg.

This species is very different in appearance from the other

members of the genus, and, unlike them, exhibits very little variation.

It is very common, and may be found between tide-marks, but it is

obtained in larger numbers by dredging in from 5 to 20 fathoms.

The Duke Rock and Millbay Channel are favorable localities.

Ripe specimens occur in autumn.

12. T. DORSALE, Ahildgaard.

This very common species seems to inhabit every level from

Joubin's second zone to his fifth. It was especially common in

spring and early summer among the Zostera in Cawsand Bay.

Later in the year, however, it became less common in this locality,

and late in the autumn it was quite the exception to find a single

individual there, when a small Terebellid seemed to have taken its

place.



14 NEMERTINES OF PLYMOUTH SOUND.

Several varieties have been met with, agreeing with those de-

scribed by other writers, but all were marbled. This species agrees

with the two following, and differs from all other Tetrastemmas in

the rounded shape of the body, and in the absence of a well-defined

head region, so characteristic of the remaining species.

The breeding season is the autumn.

13, T. NIGRUM, n. sp.

I describe under this name a species which I at first consddered

as a variety of the last. Like Tetrastemma dorsale it has a rounded

body, and there is no well-marked head ; but though highly variable

in marking, it yet maintains certain characteristics to which no

varieties of T. dorsale that I have met with in any way approach.

The general ground colour, which is a pale yellow, may be entirely

or partially hidden by a strong development of a very dark brown,

almost black pigment, which is in the form of a close network.

This dark pigment either covers the dorsal surface of the animal

entirely, rendering it quite black to the naked eye, or the median

dorsal line is left uncovered, which thus appears as a median

yellow stripe. This stripe passes from the anterior to the posterior

extremity, and is generally interrupted, but quite irregularly, by

bridges of the dark pigment stretching across it. The breadth of

the stripe is very variable, both in different animals and in different

regions of the same animal, and its edges are much frayed. The

cephalic grooves are more apparent than in the case of T. dorsale,

owing to the absence of the dark pigment at their edges ; but the

eyes, which are reddish, have the same position, and are deeply

placed. The stylet region of the proboscis resembles that of

T. dorsale, but there is considerable variability in the shape of the

stylet handle.

This species is most commonly found on Codium, which it in

some degree resembles in colour, enough at least to make it difficult

to find. I have, however, obtained it from weeds of various kinds, in

the Laminarian zone. The average length is 1 cm.

14. T. IMMUTABILE, n. Sp.

The specimens brought together under this name are perhaps

identical with one described by Joubin as a variety of T. dorsale.

From this species, however, they differ at least as much as many
species (which are regarded by every one as distinct) do from each

other. I am, moreover, inclined to regard them as constituting a

distinct species, because in spite of the variability of T. dorsale I

have met with no variations which in any way approach them in
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colour and marking, and they, on the other hand, are singularly

invariable.

The length ranges from 5 mm. to 1 cm. The body is rounded,

and ends abruptly both anteriorly and posteriorly as in T. dorsale ;

the head, however, is more apparent than in the latter, owing to

the slight amount of pigment there distributed. The ground colour

is yellow, with a sprinkling of orange-red granules, which are strongly

concentrated in the median dorsal line, forming a stripe of chocolate

colour, beginning just in front of the anterior pair of eyes, and passing

backward to the posterior end of the body.

The eyes are black, and similarly situated to those of T. dorsale.

Many specimens have been found in the coralline pools at Wembury
Bay, and they are also met with among the weeds in the second and
third zones, and dredged at the Duke Rock. In all these places they

are associated with other species of Tetrastemma, including T. dorsale.

15. T. CANDiDUM, 0. F. Miiller, Oersted.

Agrees with the remaining species of this genus, and differs from
the last three in its more or less flattened body, in marked contrast

to the rounded body of T. dorsale and its allies, and in its sharply

separated spathulate head. The sjjecies now to be considered are

also characterised by their excessive variability. Only one specimen

resembling the ty]3e form of Mcintosh has been obtained ; this was
found by Mr. Garstang in sand between tide-marks at Rum Bay on

the 21st of July.

The reddish and yellow varieties are not uncommon. They are

found, though in small numbers, in Cawsand Bay among the weeds.

Larger specimens are dredged in 5—20 fathoms, and they appear
to be more numerous at the greater depth. Thus specimens have
been dredged at the Duke Rock, and in Millbay Channel, but the

majority have come from Stoke Point, where they seem to live

associated with Lepralia, which they closely resemble in colour. The
positive points characterising this species seem to consist in the

shape of the head, which is more rounded than in the other members
of the genus, in the definiteness of the cephalic grooves, which give

the head a very characteristic appearance, and in the clearness and
distinctness of the eyes, which are round and black. But in these

as in other points there is great variation, and some varieties seem
to form a series bridging the gulf separating this from the succeeding

species. An interesting instance of this variation was exhibited by a

Tetrastemma obtained in October, and which, while agreeing with
the reddish variety of the present species in all other points, differed

with regard to the anterior pair of eyes, which, instead of being
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compact and rounds were broken up into two little masses of minute

specks, invisible except under the microscope. Immediately above

tbese disintegrated eyes on each side was a slight aggregation of

orange pigment granules which passed back towards the posterior

pair, but ended just in front of the anterior grooves. In this and

the following species there is a tendency towards the formation of a

median dorsal white line, passing from the snout to the posterior

extremity. In this specimen the white line was conspicuous, though

somewhat interrupted in its course posteriorly, and on the snout it

was continuous with an oval patch of the same white pigment.

In the slight development of pigment between the anterior and

posterior eyes, the specimen just described exhibited a character

which reappeared in another obtained from weeds collected at

Eedding Point. In this specimen, which was of a green colour and

much resembled the type form, the anterior eyes were normal, and

close behind them on each side was a little patch of orange pigment

which, as in the last case, passed backwards towards the posterior eyes,

becoming imperceptible behind the anterior grooves. A thin median

dorsal white line passed backward from the snout, but came to an

end just behind the posterior eyes.- The shape of the head of this

specimen, and the distinctness of the eyes, as well as the structure

of the stylet region of the proboscis, clearly indicated that it belonged

to this species. In this development of pigment between the

anterior and posterior eyes, however, there is the suggestion of a

transition to T. vermiculatum. This suggestion gathers force with

the finding of varieties in which the characteristics of T. vermiculatum

become more pronounced, and those of the present species less

marked, until it becomes difficult to determine whether a given

specimen shall be considered a variety of this or that species. One

such specimen was obtained on the 21st November ; it was 1 cm. long,

and in colour resembled the yellow variety of this species ; the

anterior eyes were round and distinct ; the posterior, though equally

distinct, were much smaller and closer together ; the anterior and

posterior eyes of each side were connected by a band of bright

orange pigment ; the cephalic grooves were not so distinct as they

usually are in this species, and the head was not so rounded. In this

particular specimen the proboscis stylet resembled neither that of

this nor any other species in particular ; but in another, which

exhibited all the above-mentioned characters, the stylet was like that

of T. vermiculiitnm, the handle being much swollen at its base.

A still nearer approximation to T. vermiculatum was reached by

an individual dredged from Millbay Channel on the 25th of

November, which should perhaps be regarded as a variety of that

species. This specimen, a ripe male 15 mm. long, was of a brighter
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yellow than the last, the colour being intensified by the presence of

scattered granules of orange pigment ; the head was somewhat

narrow and elongated, the eyes very distinct, the posterior being

very slightly smaller than the anterior, and the four forming a

rectangle. The cephalic grooves were very distinct ; the anterior

and posterior eyes on each side were united by a band of dark brown

pigment ; there was a median dorsal white line on the head passing

from the snout to a point just behind the posterior grooves ; the

proboscis stylet resembled that of T. vermiculatum.

According to Mcintosh this species breeds in April and May as

well as in the autumn. I have only found ripe specimens in autumn.

16. T. VERMICULATUM, De Q.uatr., Mcintosh.

This is a fairly common species, living in weeds between tide-

marks, and also in water of 5 to 20 fathoms, being frequently dredged

with stones at the Duke Rock and Millbay Channel. Joubin finds

that the young forms are without the pigment uniting the anterior

and posterior eyes, and observes that the dorsal white line is a pre-

ferable character in distinguishing this species. On this point I

cannot agree with him, as, on the one hand, I have obtained many

specimens which are without the median dorsal white line ; and on

the other, such a line, as I have already said, appears in an erratic

manner on individuals of all these species, sometimes extending from

snout to tail, sometimes limited to the head, and sometimes being a

mere row of white dots. With his other remark, that the oval head
" est assez caracteristique," I quite agree. As in the case of the

other members of this genus, the breeding period is late autumn and

early winter, but, as in the last species, Mcintosh found ripe specimens

in spring and early summer.

17. T. MELANOCEPHALUM, Johnst.

T. MELANOCEPHALUM, HubrecM.

T. COEONATUM, Hubrecht.

I agree with Joubin in regarding Hubrecht' s two species, T,

melanocephalum and T. coronatum, as really forming one, and I shall

be surprised if his T. diadema does not turn out to be a variety of

this species also. I have not found any specimens that perfectly agree

with Hubrecht' s description of the last-mentioned species, but the

description given by Joubin of T. diadema is quite applicable to what

I regard as a variety of T. melanocephalum. That the specimens to

which I refer really belong to this species there can be little doubt,

the variations by which they are connected to the type form being so

numerous.

NEW SEKIES.—VOL. Ill, NO. I. 2



18 NEMERTINES OF PLYMOUTH SOUND.

This species lives under tlie same conditions as tlie other members
of the genus, and is found associated with them among weeds between

tide-marks and on stones dredged in 20 fathoms.

The greater number of specimens are various shades of yellow, but

a bright green variety is found in the coralline pools of Bovisand

Bay. It is this variety which I think Joubin describes as T. diadema.

The green specimens are the longest of this species I have yet met

with, commonly reaching 3 cm. in length. The pigment patch is dark

brown and quadrangular in shape, with a slight tendency to concavity

in front and convexity behind. There are three pronounced patches

of white, two in front of the dark patch, one on each side of the head

and somewhat triangular in outline, and one behind it stretching

across the breadth of the posterior part of the head. I have not

determined whether the white patches are pigment patches, or

whether they are due to the aggregation of fatty particles, as

Hubrecht suggests. The eyes are approximately of the same size,

and are very distinct, the anterior pair being situated just in front

of the dark patch, within which, however, they are in some specimens

included.

Many specimens of the yellow variety are met with agreeing

generally with the above, the majority not reaching more than 15 mm.
in length (though a single specimen was found as long as 4 cm.),

and exhibiting great inconstancy in the amount and distribution of

the white patches, which are sometimes absent altogether, as well as

in the size and intensity of the dark patch.

A common variety is that in which the pigment patch is repre-

sented by a sprinkling of brown granules over a roughly quadri-

lateral area situated between the two pairs of eyes. Before this

pigment are two small white patches, and behind is a transverse

white patch, behind which again the posterior eyes are placed. In this

variety the white granules which exist, distributed irregularly over

the body of most specimens, become regularly arranged along the

median line, forming a series of disconnected transverse bars passing

from the posterior white patch on the head to the fan, composed of

radiating white lines, which is found at the tail of nearly all the

yellow varieties. In one specimen I have met with a still further

stage of this tendency for the white particles to aggregate along the

median line. In this, which had the broad dark patch of the type

form, in front of and behind which some white granules were scattered,

there was a very definite and conspicuous thin white median line

passing from just behind the posterior eyes to the tail.

In many, if not most specimens with a broad, well-defined, dark

pigment patch on the head, those portions of the pigment which are

situated in the line uniting the anterior and posterior eyes are con-
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spicuously darker tlian the median portion. This tendency is

expressed more strongly in some specimens than in others, until a

condition is reached in which the median portion has almost entirely

disappeared, leaving only a thin bridge which joins the posterior

ends of two masses of pigment which extend from the anterior to the

posterior eyes. Behind the pigment bridge there is a band of white

separating it from the posterior eyes, but there is no white on the

anterior portion of the head. A median aggregation of granules is

present on the body, forming a white dotted line passing from the

white head patch to the tail fan.

A specimen which was dredged in the Hamoaze near the '' Royal

Adelaide " on December 14th represents the final term of the series,

and follows the last very closely. In this individual the pigment

bridge has completely broken down, so that in this case the head is

characterised by two dark patches passing from the anterior to the

posterior eyes, one on each side. Between the posterior eyes there

is a patch of white, but this is much smaller than in the last speci-

men. The posterior eyes are slightly smaller than the anterior

(which was the case in the last variety), and are slightly closer

together. This individual undoubtedly belongs to this species, both

on account of the fact that it belongs to an entire series reaching up

to the type form, and also because in the presence of the white patch

between posterior eyes, in the shape of the head and the condition

of the stylet region of the proboscis, it exhibits most characteristic

melanocephalous features. Nevertheless this arrangement of pigment

is certainly suggestive of a transition towards T. vermiculatum, and

especially recalls varieties described as intermediate between T. can-

didum and T. vermiculatum.

Only one case has come under my notice in which any relation

could be detected between the colour of the animal and that of

its surroundings. It was that of a specimen found among red

weeds. The colour of this individual was remarkable, differing

entirely from any other met with. The ground colour was a green-

ish yellow, but this was covered superficially by minute red-brown

pigment granules, the result being the production of a colour remark-

ably similar to that of the weeds in which it was found. The red-

brown granules were concentrated on the head to form the usual

quadrate patch, the edges of which were not sharply defined, and
the patch itself was reddish, not black. This animal, which was 1 cm.

long, was a female containing ova.

18. T. AMBiGUUM, n. sp.

Under this name I include a few specimens found in November
which have many points of agreement with T. Bohertianse, as a
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variety of which species I was at first inclined to regard them. I

am induced to separate them, however, because of the absence of the

peculiar marking which is so characteristic of that species.

The length is about 1 cm. The head, which is very distinct from
the body, is very broad at the level of the entrance to the side

organs, and in shape resembles that of T. melanocephalum. The
ant(?rior eyes are at least twice as large as the posterior. All four

are of a brown colour, of irregular shape and not well defined. The
ground colour is a pale yellow. On the dorsal surface there is a

considerable development of reddish-brown pigment, which covers

the whole of this surface of the body from just behind the posterior

grooves to the tail.

The proboscis stylet handle is of the shape described by Mcintosh
as characteristic of T. Rohertianse.

I also refer here a specimen which I found the same month, which

exhibited some differences from those above described. The length

was 15 mm., the colour a uniform pale yellow. The general shape and
the relation of head and body was the same as in the type form.

The eyes were black and fairly distinct, the anterior being nearly

twice the size of the posterior. The stylet handle resembled that of

T. vermiculatum rather than that of T. Rohertianse.

All these specimens had ripe generative organs.

Genus PR0S0RE0CHMU8, Keferstein.

Mcintosh characterises this genus as follows :
—" Byes four, not

forming a rectangle ; snout dimpled, and furnished with a transverse

superior lobe. Ovo-viviparous.^' Of these three characters the first

is scarcely available, as there is a general tendency towards this con-

dition in the genus Tetrastemma, a tendency so great that in almost

every species there are many individuals with the posterior eyes

closer together than the anterior. Mcintosh himself is not inclined

to attach much value to the third character, as he says '^ it is a con-

dition which further investigation will probably extend to many
genera.^^ The only character which is left is the second, and it

appears to me questionable whether, on account of such a feature, a

single species in all other respects Tetrastemma-like should be raised

to the rank of a separate genus.

19. Pkosorhochmus Claparedii, Keferstein.

Several specimens have been dredged, some from the Millbay

Channel, others from the Duke Rock. None of these specimens
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agreed with the figure given by Mcintosh either in colour or in general

appearance.

The length varied from 8 mm. to 3 cm. The ground colour was

a yellowish brown. This on the dorsal surface was covered by a

thick uniform sprinkling of reddish-brown grains of pigment. The

cephalic grooves were very pronounced. The region included between

the anterior and posterior grooves was rendered conspicuous dorsally

by the strong development of the reddish-brown pigment^ which was

here in the form of thick lines radiating forwards in all direc-

tions from a median and posterior point. The head, which was

broad and conspicuous, in front of the anterior grooves was covered

superficially on each side by large flakes of white pigment, which

reappeared at the posterior end of the body, covering the tail.

The anterior eyes were red, large, and irregularly triangular

;

the posterior were much smaller and rounder, and were generally

closer together than the anterior, though there was sometimes little

difference in this respect. The right and left lobes of the snout

were very conspicuous, but the transverse dorsal lobe was more diffi-

cult to make out.

The stylet region of the proboscis, which is very characteristic,

entirely agreed with the figure given by Mcintosh,

The shape of the body renders this species at once recognisable.

It is constricted behind the posterior grooves, gradually increases in

girth up to the middle of its length, and from thence tapers to

the tail.

Ripe specimens have been met with in the spring, but I have

never seen a female with developing eggs.

Hubrecht did not find this species at Naples, but it was found at

Trieste by Dewoletzky. It is rare at Roscoff (Joubin).

Family NEMERTID^, HuhrecJd.

Gemis NEMERTE8, Cuvier.

20. N, GRACILIS, Johnston.

Not uncommon. Almost restricted to the Breakwater, where it is

found at low tide among the roots of Laminaria and in the cavities

of stones. It has a wide distribution, ranging from the north of

England to Madeira,
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21. N. Neesii, Oersted, Mcintosh.

Like the last, this species abounds on the Breakwater, and is

scarcely found elsewhere.

The generative organs are ripe from March to October. Large

numbers of eggs have been laid in my dishes, but they have always

died without segmenting, though numbers of ripe males were present.

Artificial fertilization has been equally a failure.

Like the last, this species is widely distributed, ranging from

Iceland to the Mediterranean. It is rare at Naples according to

Hubrecht.

Family MALACOBDELLID^, v. Kennel.

Genus MALACOBBELLA, Blainv.

22, M, GRossA, Blainv.

Several specimens of this interesting parasite have been obtained.

In all cases they have been found in the branchial cavity of Cyprina

islandica. In only one case have I examined one of these molluscs

without finding a specimen, and in no case has more than one been

found in a single Cyprina.

This species lives well in captivity in spite of its parasitic habits.

One specimen has lived in a vessel of water svlbmerged in a tank

for more than three months, and is still apparently healthy. It

moves slowly about the sides of the vessel, to which it adheres by its

sucker.

In the autumn many ripe females were found, which subsequently

laid unfertilized eggs, but no ripe males have been seen.

Order 4.—HETERONEMERTINI, Biirger.

The lateral nerves situated, as in the Protonemertini, outside the

circular muscular layer. Their apparent position, however, is

different, owing to the appearance of a new muscular layer (longi-

tudinal) which has inserted itself between the basement membrane
and the circular layer. The lateral nerves are situated between this

layer and the circular layer.

The body-wall consists of epidermis, cutis, outer longitudinal

muscular layer (new), a circular muscular layer, and an inner longi-

tudinal muscular layer.

Mouth situated behind brain.

Proboscis without a stylet.
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Family LINEID^, Mcintosh.

A. AMICRUR^, Burger.

Caudal process absent.

Genus LINE US, Sowerhy.

23. L. LONGissiMUS {Gunn, Sowerhy).

L. MAEINUS, Mcintosh.

Not very abundant. Occasionally dredged at the Yealm among

Phallusia and other Ascidians, and in the deeper water outside the

Breakwater. Sometimes found shore-hunting during very low tides

among the roots of Laminaria. No specimens have been met with

of the size given by Mcintosh, the largest not being more than six

feet long, while the majority are very much less. Apparently a

northern form, as it occurs on the coasts of Norway and Belgium

and the Atlantic coasts of France, but not in the Mediterranean.

24. L. OBSCURUS, Desor.

L. GESSBEENSis, Mchitosh.

L. SANGUINEUS, McIntosh.

L. GESSEBENSis, Joubin.

By far the commonest Nemertine in the Sound. It is to be found

everywhere between tide-marks. Joubin describes five colour

varieties : (a) deep blue and black
; (6) deep olive-green

;
(c) pure

green
;

{d) green and red ; and (e) red. All these varieties, with the

exception perhaps of the third, I have met with in the Sound, but I

have not noticed that any particular habitat is characteristic of any

individual variety. In common with Hubrecht and Joubin, I regard

the L. gesserensis and sanguineus of Mcintosh as varieties of the

same species.

Neither Hubrecht nor Biirger has found this species in the

Mediterranean, but Joubin appears to have obtained it at Porte

Vendres, and Dewoletzky at Trieste. It is, however, like L. longis-

simus, a northern form, though it has a greater southern extension

than the latter.

According to Mcintosh the breeding season lasts from January to

May. Mr. G-arstang tells me that during the present year he has

found eggs and ripe specimens as early as January, and they are still

(March) to be obtained.
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25. L. LACTEUS, Montagu.

This species seems commoner in tlie Mediterranean than on the

Atlantic shores ; at least Joubin states that it is commoner at

Banyuls than at Eoscoff, and Biirger describes it as " tolerably-

common " at Naples, though Hubrecht does not seem to have found

it there. I have not obtained many specimens. The north side of

Drake's Island, between tide-marks, seems the most favorable

locality, though isolated specimens have also been obtained in

Cawsand Bay. All the individuals were small, measuring only from

5 to 10 cm. in length, whereas those described by Mcintosh were one

or two feet. I have not met with either ripe specimens or eggs. At

Banyuls they are said to breed towards the end of May.

26. L. BiLiNEATUs, Reniev.

CeEEBEATULUS BILINEATUS, Hubrecht.

LiNEUS BILINEATUS, McIntosh.

Fairly common in from 5 to 20 fathoms. It is especially abundant

at the Duke Rock among the shells and stones, though numbers of

individuals have been obtained from the west channel and elsewhere.

One small specimen was obtained among corallines in tide-pools on the

east side of Drake's Island. It is the dark-coloured specimen

mentioned below. The greater number of the specimens which I

have seen are small, being only from 3 to 5 cm. long. Only one was

a fair size. This was dredged at the Duke Rock on May 14th.

Its length could not be determined, as its tail was missing, but its

breadth was 0*5 cm., so that its length when complete must have

been at least 12 to 15 cm.

This species is very variable in colour. The majority of individuals

were of a creamy white, inclining to reddishness. In some the

brown-red pigment granules were localised in patches here and

there. As the larger specimens almost invariably showed more

colour than the smaller, I was inclined at first to think that these

differences indicated merely stages in development. The finding,

however, of a very small specimen between 2 and 3 cm. long, which

was of a dark uniform chocolate-brown, seems to point rather to

colour variation as the explanation, and this is strengthened by the

fact that I have found specimens 4 cm. long perfectly white. The

colour of the single large specimen was a beautiful dark purple.

In all the specimens I have seen the dorso-median line is double,

being divided by a thin line of the same colour as that diffused over

the body. Those described by Biirger from Naples are without the

median dividing line, though Hubrecht has found there specimens
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quite typical in this respect. According to Chapuis this is a vivi-

parous species. Dalyell^ however, states that his specimens laid vast

quantities of eggs in June. Unfortunately I have been unable to

make any observations on this point.

B. MICRUB^, Bilrger.

A caudal appendage present.

Genus MICRUBA, Ehrenherg, Burger.

Includes small forms with tapering head not marked off from

body. Progression by crawling, not swimming. Usually knotted in

heaps or strongly contracted. Provided with a caudal appendage.

27. M. PURPUREA {Dalyell), J. Miiller.

Ceeebeatulus puepubeus, Huhrecht.

A common species, dredged in 5 to 20 fathoms. The Duke Rock
appears a specially favorable locality. All specimens so far met

with are rather small, the largest not exceeding 5 cm. I have never

found a specimen with eyes, but Joubin says that a large specimen

which he obtained had a dozen extremely small eyes, which were

situated on the yellow band across the snout. The ground colour is

very variable, all shades of red and brown being represented as well

as purple. A single light green specimen was dredged outside the

Breakwater on November 7th. I have not as yet met with any
ripe specimens, but Joubin records the capture of one containing

eggs in June, and Mcintosh in April. The voracity of this

species is mentioned by Mcintosh ; I met with a striking instance of

it in May last. A specimen of about 3 or 4 cm. was placed in a

dish with a iV^ewierfes Neesii of quite 20 cm. length. Some little time

after I was astonished to find the Micrura busily engaged in swallowing

the Nemertes. The posterior one fifth of the latter had already dis-

appeared into the mouth of the former when I noticed them, and
still the assailant was struggling to gulp down more of its prey. In

the meantime the victim glided round the dish, apparently not

suffering the smallest inconvenience from the attack upon its posterior

extremity. Ultimately both attacker and attacked became quiescent,

the former having become more than twice its previous girth. The
portion of the Nemertes in the gut of the Micrura still remained in

continuity with the rest of the body, though apparently undergoing

digestion.
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28. M. AURANTiACA, Gruhe.

Ceeebeatxtlus atjeantiacus, Subrechf.

One individual only has been obtained. This was found between

tide-marks at Wembury Bay on June 10th. The length was only

from 3 to 4 cm., the colour bright vermilion dorsally, ventrally pale

pink. Dorsally the vermilion was interrupted on each side of the

middle line over a region corresponding to the hinder quarter of the

cephalic slits, in such a way as to cause the appearance of a neck, the

pale unpigmented edges being almost invisible in comparison with

the median strongly pigmented portion. Two white patches were

present, one on each side of the snout, of considerable vertical

depth, as when the worm was examined laterally the white patches

were seen to pass from the dorsal to the ventral lips of the cephalic

slits. In the figure given by Mcintosh of this species there is a

single crescentic white patch, and the region in front of the crescent

is pigmented like the body. In my specimen, however, not only is

the patch double, but there is no pigmented region in front of it, the

snout being anteriorly devoid of pigment. Eyes absent. Cephalic

slits elongate and deep.

No caudal appendage was observed in this individual. This was,

curiously enough, the case in the specimen described by Mcintosh, for

though the caudal appendage was figured by the artist, the writer

states that he did not himself observe it.

Although many colour varieties of this species have been recorded,

none, I believe, have been found with the anterior white patches dis-

tributed in the way above described.

This species is new to the British coast, not having been recorded

further north than the island of Herm.

29. M. FASCiOLATA, Ehreuberg.

Ceeebeatulus fasciolatus, Huhrecht.

This very pretty species is common in the Sound, great numbers

being dredged, especially at the Duke Rock. Many varieties of

different shades of red have been collected, but no green varieties,

which seem to be the most abundant at Naples.

One specimen from the Duke Rock was interesting as an example

of the regenerative power of this species. The whole animal was

twice as long as its own cephalic slits ; one transverse white band

was present in the usual position of the first band, and accurately

marked the middle of the animal. The head was of the size of that

of a specimen of 3 or 4 cm. Just before the posterior termination
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of the body there was a sudden reduction in girth, followed by the

usual caudal appendage.

Ripe individuals are found from October to the end of the year.

30. M. CANDIDA, Burger.

Nbmeetes lactea.

Gbeebeatulus lacteus, Rubrecht.

I refer to this species a Nemertine which was dredged at Stoke

Point on the 10th of November. It was TS cm. long, of an opaque

white colour, and possessed a caudal appendage. Eyes seemed to be

absent. Unfortunately while under observation the animal died, its

body rupturing in an extraordinary manner, and from no ascertain-

able cause, and emitting clouds of spermatozoa.

This species has not previously been recorded in Great Britain
;

it is common at Naples, and occasionally found at Banyuls and

Roscoff, but the absolutely white variety seems to be rare on the

French coast.

Genus CEREBRATULUS, Renier, Burger.

Relatively broad, powerful forms, which roll themselves spirally

and do not tie themselves in knots. They are excellent swimmers,

cutting through the water in an eel-like manner. In transverse

section the body forms a long ellipse. The lateral edges of the body

stand out like longitudinal folds. Head lancet-shaped. All have a

caudal appendage.

31. C. Fuscus, Mcintosh, Eubrecht.

MlCEtTEA FUSCA, Mclntosk.

A few specimens only have been obtained. The first was dredged

in 4 or 5 fathoms in Jennycliff Bay on November 30th, a few

others were dredged between the Mallard and Cobbler Rocks. Of

these specimens the smallest was 2 cm. in length, and the largest 5

cm,, the latter being 3 mm, broad at the tail, and the caudal appendage

reaching the length of 2*5 mm.
There is much variability in the disposition of the brown flakes of

pigment on the yellow ground colour. In some specimens the brown

pigment was limited to the head, in others it was present over the

whole dorsal surface of the body, but in all cases it was very sparsely

if at all distributed on the ventral surface.

The disposition of the eyes is very irregular. In one specimen I

counted eight eyes. Two of these were situated in corresponding
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positions on each side of the snout, and were about four times as large

as the rest. Of the remainder two were placed on the left side and

four on the right, but there was no kind of regularity in their

arrangement.

Joubin's figure (PI. XXX, fig. 3) shows well the peculiar posterior

end so characteristic of this species. The nervous system is con-

spicuously red.

32. C. PANTHERiNus, Huhreclit.

C. MABGINATUS (pars), Jouhin.

I assign to this species a Cerebratulus dredged off Stoke Point on

September 4th.

In colour it agreed with the last species, from which it differed in

the shape of the head, the absence of eyes, and in the posterior

termination of the body. The anterior end was much swollen, and

waves of contraction continually passed along the whole length of

the animal. When it reached me it was extremely sluggish,

exhibiting no other sign of life than these contractions. The snout

was very pointed, and the cephalic slits were deep with closely

opposed lips. Posteriorly the lips were opened, exhibiting deep pits

leading to the side organs. At this point the slits were red. The

animal, which was 4 cm. in length, was a ripe male. The testes

were present in a series from the blunt tail to the anterior fifth of

the body. The mouth was a large corrugated slit just behind the

cephalic slits. The brain, which was situated just in front of the

region where the cephalic slits widen out, showed through the

ventral wall of the body and through the slits, laterally, as a bright

red body.

Joubin regards this species as a variety of C. marginatus, but

Biirger, who has obtained many specimens of both, is convinced of

its validity, stating that all the forms which are pigmented in the

manner characteristic of this species differ from 0, marginatus in the

structure of the brain.

I am not sure whether this species is included by Mcintosh as a

variety of C. angulatus. If not, this is its first record in Great

Britain.

This is another of the deep water species, which are, no doubt,

more common than they seem, but which are at present nearly

inaccessible to us.
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The Turbellaria of Plymouth Sound and the

Neighbourhood.

i^y

F. W. Gamble, B.Sc,
Berkeley Fellow of Owens College, Manchester.

I PROPOSE in this paper to furnish a list of the marine Turbellaria of

Plymouth Sound and the neighbourhood, including all species that

have hitherto been recorded from this locality. That such an

attempt is in some respects premature I am only too well aware,

but I have written it for the convenience of those who are working

at, or are interested in, the fauna of Plymouth, and it may serve as

a starting-point m our knowledge of the Turbellaria of the Sound.

The sjmonymy and descriptions of the species are given by v. Graff,

Lang, Jensen, and recently, together with figures of the new species

and the literature, by myself.*

During August and September of 1892 I occupied a British Asso-

ciation table at the Laboratory, Plymouth, and commenced an inves-

tigation into the Turbellaria of the Sound. This was practically an

unworked field. Montagu had indeed discovered Prosthecerseiis

vlttatus in Kingsbridge Estuary, South Devon, in 1815 : the Channel

Islands have been partially explored with regard to the Turbellaria :

St. Malo and St. Yaaste-la-Hogue have been still more carefully

explored by Quatrefages, Keferstein, and Claparede. These re-

searches, however, deal almost exclusively with the Polycladida.

Hence it is only recently, through the investigations of Professor

Hallez, that the Rhabdocoelida have received due attention at

Wimereux and in the Strait of Dover. Professor Hallez's results

are not yet quite complete, and I much regret my inability to consult

the original papers.

t

The general results of my observations may be here briefly sum-

marised. As one might have expected, a number of Mediterranean

forms were noticed (about 18 per cent.). These, together with

certain Scandinavian and a few new species, form the additions to

* British Marine Turbellaria, Quart. Journ. Micros. Sci., April, 1893.

f Revue biologiquc liu nord de la France, Lille, 1890-2.
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the fauna. I should state that for several reasons my attention was

directed more particularly to the Rhabdocoelida, consequently the

number of Polycladida here recorded will, in all probability^ be

increased by future investigation.

As regards the methods of collecting the Turbellaria, it is neces-

sary to bear in mind that almost all the Rhabdoccelida are so minute

(rarely more than 2 mm. in length) as to render it a matter of the

greatest difficulty to isolate them from the tangled masses of sea-

weed in which they are usually found. My method of working the

area between tide-marks was twofold, I collected the Ulva, Ptilota,

Bryopsis, and other weeds, and placed them in vessels of sea water

in the Laboratory. The Rhabdocoeles emerged in great numbers,

especially towards night, and could be picked out with a pipette.

Stones richly coated with ascidians, polyzoa, sponges, &c., and the

sand- and shell-debris at the base of Corallina, treated in a similar

manner, were very productive. The drawback to this method is

that the real habitat of any particular species cannot thus be deter-

mined ; and although I attempted to isolate the various kinds of sea-

weeds I was not successful in establishing a constant relation

between a Turbellarian and the plant on which it is found.

My second method was that proposed to me by David Robertson,

Esq. It consisted in the use of a hand-net, in the mouth of which

a sieve was placed to prevent the entrance of bulky weeds. Such a

net was used from the dinghy at low water among the Laminaria,

Halydris, &c., which border the creeks in Wembury Bay, the Break-

water, and other places. Tide-pools were also explored by its help.

The dredge brought up a large number of interesting forms. Millbay

Channel, the Hamoaze, the Duke Rock, and the New Grrounds

are especially productive in infra-littoral forms. Examination of

dredge-material at night gives one a vivid idea of the activity and

voracity of this group. Pelagic forms were rare, and chiefly repre-

sented by the larvas of Leptoplana and Miiller's larvae. The latter

were specially abundant in October.

Distribution op Turbellaria in Zones op Depth.

First Zone.—This zone is usually uncovered for one to two

days during neap-tides. Monotiis fuscns is here the characteristic

form, although it ranges throughout the tidal zone. It appears to

derive moisture from Balani into which it creeps during ebb-tide.

Other interesting devices for gaining moisture are recorded by Hallez

and V. Graff. Towards the lower portion of this zone Convoluta

paradoxa occurs.
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Second or Mid-tidal Zone.—This zone, daily covered by the tide,

is characterised by the two species already mentioned, and also the

following :

—

Aphanostoma diversicolor, Byrsophlebs graffi, Provortex

halticus, Macrorhynchtis naegelii, Plagiostoma vittatum, and Vorticeros

auriculatum. Almost all these are provided with adhesive cells

(Haftpapillen) at their posterior end, enabling them to retain their

position during the wash of the tide.

Third Zone.—Exposed during spring-tides. Cylindrostoma qiiad-

rioculatum, Oonvoluta flavibacillum, HyporhyncJtus armatiis, Acro-

rhynchus caledonicus, Leptoplana tremellaris. This zone marks the

lower limit of the Acoela, and of the great majority of Rhabdoccela.

Fourth Zone.—Depths up to 20 fathoms. Promesostoma solea,

Provortex ruhrohacillus, Gylindrostoma inerme, Plagiostoma girardi,

species of Enterostoma, Stylostomum variabile, Oligocladus sanguino-

lentus, Eurylepta cornuta.

This sketch of the zones must be regarded as purely tentative,

since my stay was not sufficiently prolonged to enable me to test

these results. I was led to attempt such a classification from the

striking absence of Acoela and most Rhabdoccela below the Laminarian

zone. On this subject there appears to be very little published work,

and it would be a matter of some interest to ascertain the alterations

in the vertical distribution of Turbellaria according to the difference

of surroundings and tidal conditions at various parts of the coast.

Local Distribution of Turbellaria.

Wemhury Bay.

My work in this bay has been restricted to an examination of the

well-known collecting-ground exposed at low water below Wembury
Church. So far as my experience goes, this appears to be (for

Turbellaria) the richest locality in the neighbourhood of Plymouth.

Nineteen species have occurred between tide-marks excluding four

doubtfully new forms, which were either too rare or too immature for

exact and thorough determination.

It is not easy to define the characteristic Turbellarian features of

Wembury Bay. The abundance of Gylindrostoma quadrioculatuni,

G. inerme, Macrorhynchus naegelii, and Plagiostoma dioicum, together

with five species of the Acoela, and the apparent absence of Mono-

tidae, lend a provisionally distinctive aspect.

The splendid tide-pools abounding in such alg£e as Gystoseira

ericoides, Codium tomentosiim, Bryopsis plumosa, are the best hunting-

grounds. Among sand at the base of Corallina offi.cinalis, curious



TURBELLARIA OP PLYMOUTH SOUND. 33

colour-varieties of Leptoplana tremellaris, specimens of Aphanostoma
diversicolor, Gonvoluta paradoxa, Plagiostoma girardi (at low spring-

tides), and an example of wliat appears to be Fovia affinis (a marine

Triclad) . In the tufts of matted Florideae whicli hang from the under
surface of rocks, Cylindrostoma quadriocidatum occurs in hundreds.

Tow-netting in the narrow creeks that run in between the rocks pro-

duced young specimens of Leptoplana tremellaris, Gonvoluta para-

doxa, Plagiostoma vittatum, and Cylindrostoma inerme. Working the

Laminaria-fronds by a hand-net from the stern of the ^' Anton Dohrn "

did not, however, add anything of interest.

There can be no doubt that many forms have been overlooked, and
that if examined earlier in the year, Turbellaria diifering from those

occurring during the summer might be found. The following is a

list of the species hitherto recorded

:

Folycladida, Leptoplana. tremellaris,

Tricladida, Fovia affinis.

Rhabdoccelida.
AccELA, Proporus venenosus, Monoporus rubropunctatus, Aphano-

stoma diversicolor, Gonvoluta jiaradoxa, G. jiavihacillum.

Rhabdoccela, Promesostoma marmoratum, Acrorhynchus cale-

donicus, Macrorhynchus naegelii, Hyporhynchus armaius,

Provortex balticus.

All(EOC(ELA, Plagiostoma dioicum, PI. elongatam, PI. vittatum,

PI. girardi, Enterostoma fingalianum, Gylindrostoma guadri-

ocnJaium, Gyl. inerme.

Plymouth Breakwater.

Of the two faces of the Breakwater I have naturally paid most
attention to the inner one, the stones and weeds of which afford good
collecting-ground during low spring-tides. Many of the weeds on the

inner face have, during the summei-, an unhealthy, half-decayed ap-

pearance, which is associated with the occurrence of certain Turbellaria.

Psendorhynchus hifidus, however, which occurs typically in such a

habitat in the Isle of Man and the east and west coasts of Scotland, has

not yet occurred at Plymouth. Macrorhynchus naegelii and Plagio-

stoma horeni are the characteristic forms of the Breakwater. The num-
ber of adult examples of the former species diminished from the

beginning of August onwards, and Mr. Garstang sent me the largest

he could find in November, but all, without exception, were quite im-

mature. Stones, the cavities of which were occupied by anemones,
brought from the Breakwater and kept for some time (six weeks to two

NEW SERIES.—VOL. Ill, NO. I. 3
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months) in the Laboratory, produced a number of Plagiostoma

vittatum and PI. Jcoreni. The pyriform stalked egg-capsules of the

former were deposited in numbers in August. These and other

species have the habit of creeping about under a covering of diatom-

deposit which encrusts stones, weeds, &c. Protected in this way

they are extremely difficult to find.

My method of examining the Breakwater was chiefly the use of a

hand-net, which was worked vigorously among the weeds at low

water from the dinghy. By this means the following fauna were

obtained :

Polycladida, Leptoplana tremellaris (adult and young).

Khabdocoelida.

AccELA, Aphanostoma diversicolor.

Rhabdocoela, Macrorhynchus naegelii, Mesostoma (?) neapoli-

tanum.

All(eoc(KLA, Plagiostoma elongatum, PI. koreni, PI. vittatum,

Vorticeros auriculatum and V. luteum, Allostoma pallidum,

Monotus lineatus.

Cawsand Bay.

There are here two distinct collecting-grounds—the rocks and

tide-pools exposed at low water on the north side of the bay towards

Picklecombe Fort, and the beds of Zostera that grow on the sandy

bottom. In the former locality Acrorhynchus caledonicus is the

prevailing species, as Hyporhynchus armatus is the chief feature of

the Zostera bed. It was only toward the end of my visit that I

discovered the tiny Rhabdocoeles among the Crustacea and Nemertea

which occur in great quantity in the Zostera, so that many forms

will probably be added by a re-examination of the dredgings taken

among the rich weedy ground indicated by Prof. Johnson (the

Journal [N. S.], I, iii, pp. 297-8).

In the following list Z refers to species inhabiting the Zostera

beds, N to forms occurring in the rock-pools on the north side of

the bay.

Polycladida, OUgodadus sanguinolentus (Z).

Bhabdocoelida.

Accela, Proporus venenosus (Z), Monoporvs ruhropunctatus (Z),

Gonvoluta saliens (Z), C. paradoxa (N), C. fiavihacillum

(Picklecombe Fort).

Rhabdoccela, Promesostvma solea (Z), P. agile (Z), Proxenetes

fiahellifer (N), Acrorhynchus caledonicus (N), Hyporhynchus
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armatus {7i), E. (?) penicillatus (Z), Provortex affinis (N),

P. ruhrohacilhis (Z).

Allceoccela, Playiostoma vittatnm (N and Z), P. dioicum (N),

P. girardi (N), Monotus albus (N).

New Grounds.

The Turbellaria of this part of the Sound (north of the west

entrance to the Sound), like the flora, is similar to that of the Duke
Rock. There is, however, a characteristic form {Provortex ruhro-

hacillus) that has not occurred elsewhere in the neighbourhood.

Macrorhynchus croceus and M. helgolandicus will probably be found

in other parts of the Sound, although at present this is the only

known locality for them.

Polycladida, Leptoplana tremellaris.

Rhabdoccelida.

Rhabdoccela, Promesostoma solea, Macrorhynchus naegelii, M.
croceus, M. helgolandicus, Provortex ruhrohacillus.

All(EOC(ela, Plagiostoma vittatum, Vorticeros luteum, Cylindro-

stoma inerme.

Diihe RocTc.

The Duke Rock, situated in 7 fathoms at the east entrance of the

Sound, forms one of a number of dredging-grounds inside the Sound,

the Turbellarian fauna of which has a common general facies. The
conditions of life in these localities are different from those in the

tidal zone, and the difference is expressed in the Turbellaria as well

as in other groups of animals and plants. Thus Accela are, so far as

my experience goes, quite unrepresented ; the Alloeocoela, on the

other hand, are abundant.

The Turbellaria of the Duke Rock closely resemble those of the

New Grounds, and this similarity is also borne out in the flora (see

Johnson, ^^ Flora of Plymouth Sound,^' loc. cit., p. 291). The most
interesting form was a single specimen of Monoo'phorum striatum

(Bohmig) (= Enterostoma striatum, v. Grafl^), which has hitherto

only occurred at Trieste. Its carmine colour and the appearance of

the muscles grouped in longitudinal bundles at once attract attention.

Species of the genus Enterostoma (perhaps at present the most

unsatisfactory genus of all Alloeocoela) are abundant here and else-

where in the Sound. As, however, I have not completed my revision

of the genus, the species recorded are only part of those that were
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actually found. The following is a list of tlie Duke Eock Tur-

bellaria :

Polycladida, Leptoplana tremellaris, Eurylepta cornuta, Stylo-

stomum variahile.

Rhabdocoelida.

Rhabdoccela, Promesostoma ovoideum, Pr. solea.

All(eoc(ela, Plagiostoma dioicum, PI. girardi, Enterostoma

austriacum, Gylindrostoma inerme, MonoopJiorunt striatum,

Antomolos unipitnctatus.

DraTce's Island.

The well-known collecting-ground on the north-eastern face of this

locality has furnished the following fauna. The great belt of

Laminaria extending in the direction of the Breakwater did not add

anything of interest.

Polycladida, Leptoplana tremellaris, adult and young (3 mm. long).

Rhabdocoelida.

AccELA, Proporus venenosus, Monoporus ruhropunctatus, Con-

voJuta paradoxa.

Rhabdoc(ELA, Promesostoma m armoratum, Pr. solea, Pr. agile,

Byrsophlehs intermedia, Byr. grajfi, Acrorhynchus caledonicus,

Macrorhynchus naegelii (Claparede's variety with dorsal

yellow streak), Provortex affi.nis.

Allceoccela, Plagiostoma vittatum, Vorticeros auriculatum,

Gylindrostoma quadrioculatmn (also on the S.E. face of the

island).

Redding Point.

By this locality I include the shore from Redding Point to north-

ward under Mount Edgcumbe Park. This area is prolific in littoral

forms, the tide-pools and rocks being covered with a profusion of

animal and vegetable life. Promesostoma marmoratum, Monotus

fuscus, and M. lincatus are the prevalent forms, the two latter

species being particularly abundant among the Ulva that covers the

stones. The use of a hand-net in the tide-pools needs some discretion,

since the crustacean Virhius varians swarms to such an extent as to

exclude almost everything else. To get over this difficulty it is

necessary to employ a fine sieve, as described in the introduction.

A comparison of the Turbellarian fauna with that of other parts



TURBELLARIA OF PLYMOUTH SOUND. 37

of the Sound cannot yet be made justly, as my investigations are

not yet sufficiently complete. The Turbellaria appear to resemble

those of the Breakwater, as a comparison of the accompanying tables

tends to show. Specially interesting forms are Aphanostoma elegans,

hitherto recorded from Bergen, and Plagiostoma sagitta, found by

Uljanin in the Bay of Sebastopol. The occurrence of species from

such widely distant localities shows how much still remains to be

done before we can determine the geographical distribution of the

species of this group.

The following list of species were taken at low water round Redding

Point and northwards :

Polycladida, Stylostomum variahile ("75 mm. long).

Rhabdoccelida.

AccELA, Oonvoluta paradoxa, Aphanostoma elegans.

Rhabdoc(ela, Microstoma grcenlandicum, Promesostoma mar-

moratum., Pr. solea, Acrorhynchus caledonicus, Macrorhynchus

naegelii, Hyporhynchus armatus, Provortex halticus.

Allceoccela, Plagiostoma vittatum, PI. Jcoreni, PI. sagitta, Vor-

ticeros auriculatum, Monotus lineaius, M. fuscus.

East 8ide of the Sound.

Under this heading I include the rocks below the Laboratory, Rum
Bay, Batten Bay, and Bovisand Bay. As regards the Turbellaria of

the first three there is little to be said. The same causes that have

impoverished the flora and fauna probably account for the poor

result in this group. Repeated attempts only resulted in Oonvoluta

paradoxa, Plagiostoma vittatum, Vorticeros auriculatum, and Monotus

fuscus. The last also occurs on the rocks below the ladies^ bathing-

place. In Bovisand Bay the tide-pools yielded Convoluta paradoxa

and G. flavibacillum

.

The Hamoaze.

A portion of this locality was explored by the help of the " Firefly."

The stones and debris that are brought up are covered with the mud-
tubes of Polydora caeca, tenanted, however, by an Amphipod, Coro-

phium Bonellii. The great abundance of this Crustacean possibly in

part accounts for the limited Turbellarian fauna.

Polycladida, Leptoplana tremellaris.

Rhabdoccelida.

Allgegocela, Plagiostoma pseudomaculatum, Cylindrostoma

inerme, Automolos (?) ophiocephalus, Aut. horridus.
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Millhay Channel.

This channel (varying in depth from 18 to 21 fathoms) is a recognised

locality for certain animals^ and I have found some species of

Turbellaria peculiar to it. The alloeocoelous fauna of this channel and
the Hamoaze present an interesting species of the genus Automolos,

apparently connecting the Alloeocoela with the Tricladida. More
observations are however needed, and an examination of these two
localities will probably forward the solution of this problem.

Species of Cylindrostoma and Enterostoma make up the bulk of the

fauna. A specimen of what I take to be Plagiostoma siphonophorum
(if confirmed) will prove to be another Adriatic form added to the

Plymouth fauna.

Folycladida, Leptoplana tremellaris (abundant), Oligocladus san-

guinulentus, Stylostomum variahile (young stages, 'b— 1 mm.,
are not uncommon in September).

Rhabdocoelida.

Rhabdoccela, Promesostoma solea.

All(EOC(ELA, Plagiostoma siphonophorum {?), PI. girardi,

Enterostoma Jingalianum, E. austriacum, Automolos ophioce-

phalus.

SYSTEMATIC LIST OF THE TURBELLARIA.-^

TURBELLARIA.

Sub-order 1.—RHABDOCCELIDA.

A. AGCELA.

Family PROPORID^.

Genus 1.

—

Peopords.

1. pROPORus vENENosus (0. Schmidt)

.

This species is readily distinguished from all other Acoela by its

elongate form, yellow colour, and large eyes. It is not uncommon at

the base of the littoral zone at Wembury Bay and Drake's Island.

* A key for the determiuation of genera and species may be found in my " British

Marine Turbellaria," loc. cit., pp. 514—522.
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Genus 2.

—

Monopords.

2. MoNOPOKUs RUBROPUNCTATDS (0. Schmidt)

.

Found in the same localities as the foregoing. Both are Medi-

terranean species.

Family APHANOSTOMID^.

Genus 3,

—

Aphanostoma.

3. Aphanostoma diversicolor Oersted.

In various localities between tide-marks. Not uncommon in the

diatom-deposit on the sides of the tanks in the aquarium.

4. Aphanostoma elegans Jensen.

A single specimen amongst Ulva at Redding Point.

Genus 4.

—

Convoldta.

5. CoNvoLUTA saliens V. Graff.

This species is apparently rather rare at Plymouth. Among
Zostera from Cawsand Bay is the habitat for it. The curious mode
of progression by sudden leaps, which co-exists along with the usual

method of continuous movement, was first described by v. Graff

in his " Monograph/' and is apparently unique.

6. Convoluta paradoxa Oersted.

Widely distributed in the littoral zone ; nowhere, however, very

abundant, nor do the specimens attain the dimensions of Millport

examples.

7. Convoluta flavibacillum Jensen.

Among sand in the creeks at Picklecombe Fort, Wembury Bay,

and Bovisand Bay.
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B. RHABDOCCELIDA.

Family MICKOSTOMID^.

Genus 5.

—

Microstoma.

8. Microstoma gkcenlandicum Lev.

Among Ulva, Eedding Point.

Family MESOSTOMID^.

Genus 6.

—

Promesostoma.

9. Promesostoma marmoratum (Schultze).

Variable in coloration and in the form and dimensions of the

crosier-like copulatory organ. Not uncommon in tide-pools in

Wembury Bay, Drake's Island, and Redding Point.

10. Promesostoma ovoideum (0. Schmidt).

Occasionally dredged near the Duke Rock.

11. Promesostoma solea (0. Schmidt).

Abundant in dredging taken from almost all localities.

12. Promesostoma agile (Levinsen).

Among Zostera in Cawsand Bay.

Genus 7.

—

Byrsophlebs.

13. Byrsophlebs grafpi Jensen.

Drake's Island, low spring-tide. Amongst algee.

14. Byrsophlebs intermedia v. Graff.

In the same locality as the foregoing.

Genus 8.

—

Proxenetes.

15. Proxenetes plabelltper Jensen.

In tide-pools on the north side of Cawsand Bay.
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Qenus 9.

—

Mesostoma.

16. Mesostoma neapolitanum v. Graff (?).

A single specimen obtained among Fuel bordering the inner side

of the Breakwater. This species hitherto recorded only from the

Mediterranean.

Family PROBOSCID^.

Genus 10.

—

Acrorhynchus.

17. Acrorhynchus caledonicus (Claparede).

Found in abundance among Fucus^ Halydris, &c.^ in tide-pools near

Picklecombe Fort and Redding Point; less commonly in Wembury Bay.

Genus 11.

—

Macrorhynchus.

18. Macrorhynchus naegelii (Kolliker).

On the inner side of the Breakwater at low spring-tides this

species was found plentifully during August.

19. Macrorhynchus croceus (Fabricius).

Dredged on one occasion on the " New Grounds."

20. Macrorhynchus helgolandicus (Metschnikoff)

.

In the same locality as the foregoing. Probably a search in-

stituted earlier in the year would reveal more localities for these two

species. Only a few adults were found^ usually each with a single

egg-capsule.

Genus 12.

—

Hyporhynchus.

21. Hyporhynchus armatus (Jensen).

Abundant among Zostera in Cawsand Bay and in tide-pools at

Redding Point.

22. Hyporhynchus penicillatus (Schmidt).

A single specimen among Zostera, Cawsand Bay.
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Family VORTICID^.

Genus 13.

—

Provortex.

23. Provortex balticus (Schultze).

This species is apparently not common at Plymouth during August
and September. It occurs between tide-marks, most commonly in

Wembury Bay.

24. Provortex apfinis (Jensen).

Among alg£e on the north- and south-eastern faces of Drake's

Island.

25. Provortex rubrobacillus, Gamble.

This form is figured and described in my '^ British Marine Turbel-

laria/' pp. 470-1, pi. xxxix, fig. 8, and pi. xl, fig. 12. The constant

presence of red, rod-like concretions in the intestinal cells and the

form of the copulatory organ are diagnostic features.

C. ALLCEOGCELA.

Family PLAGIOSTOMID^.

Genus 14.

—

Plagiostoma.

26. Plagiostoma dioicum (Metschnikoff)

.

Duke Eock and Wembury Bay.

27. Plagiostoma elongatdm Gamble {'' British Marine Turbellaria,"

p. 473).

A single specimen among sand, Wembury Bay. Mr. Garstang sent

me two from the Breakwater in November.

28. Plagiostoma pseddomacdlatum Gamble (loc. cit., p. 474).

Among the weed-tubes of Polydora cseca in the Hamoaze.

29. Plagiostoma sagitta Uljanin.

Among weeds in a tide-pool. Redding Point.

30. Plagiostoma caudatum Levinsen.

A single specimen dredged in Cawsand Bay among Zostera.
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31. Plagiostoma vittatum (Frey u. Leuckart).

An abundant littoral species in all localities. The variations in

colour are great, and are discussed by v. Graff and myself. Egg-

capsules were obtained from the Breakwater in September.

82. Plagiostoma koeeni Jensen.

Among algas on the Breakwater and at Redding Point, also among
diatom-deposit in the tank-room of the Laboratory.

33. ? Plagiostoma siphonophorum (Schmidt).

A specimen in the Millbay Channel. (See "Brit. Mar. Turbellaria,"

p. 477.)

34. Plagiostoma gtrardi (Schmidt).

At extremely low spring-tide, Wembury Bay, and in tide-pools on

the north side of Cawsand Bay. Not uncommon on the Duke Rock

and in Millbay Channel.

Genus 15.

—

Vorticeros.

35. Vorticeros auriculatum (0. F. Miiller).

Found in the same localities and under the same conditions as

Plagiostoma vittatum.

36. Vorticeros luteum v. Graff.

A single specimen dredged off the New Grounds ; another obtained

on the inner side of the Breakwater.

Genus 16.

—

Enterostoma.

37. Enterostoma adstriacum v. Graff.

Specimens referable to this species occurred commonly in the

Sound at depths below 5 fathoms.

38. Enterostoma pingalianum Claparede.

Among Floridese, Wembury Bay.

Genus 17.

—

Cylindrostoma.

39. Cylindrostoma quadrioculatum (R. Leuckart).

Abundant in the same locality as the preceding.
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40. Cylindrostoma inermb (Hallez).

In dredgings taken from the Duke Rock, Millbay Channel, and

the Hamoaze.

41. Cylindrostoma elongatum Levinsen.

Tide-pools, Wembury Bay.

Genus 18.

—

Monoophorum.

42. Monoophorum striatum (v. Graff).

A single specimen of this characteristic species was dredged off

the Duke Rock.

Family MONOTID^.

Genus 19.

—

Monotus.

43. Monotus lineatus (0. F. Miiller).

Not uncommon amongst Ulva in the neighbourhood of Redding

Point.

44. Monotus fuscus (Oersted).

Abundant among Balani, Ulva, and generally throughout the

littoral zone.

45. Monotus albus Levinsen.

In tide-pools below Picklecombe Fort.

Genus 20.

—

Automolus.

46. Automolus unipunctatus (Oersted).

Rarely amongst algae, Duke Rock.

47. Automolos HORRiDUS Gamble (" British Marine Turbellaria,"

p. 491).

A single specimen in the Hamoaze.

48. (?) Automolos ophiocephalus (Schmidt).

Millbay Channel. For a discussion of the probable relations of this

form see my paper, pp. 492-3.
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Suborder 2.—TRICLADIDA.

Family PLANARIID^.

Genus 21.

—

Fovia.

49. Fovia apfinis Stimpson.

In a sandy creek, Wembury Bay.

Sub-order 3.—POLYCLADIDA.

A. ACOTYLEA.

Family PLANOCERID^.

Genus 22.

—

Leptoplana.

50. Leptoplana trembllaeis (0. F. Miiller).

I have recently ascertained that many examples grouped under
this species, on the ground of their general agreement with the type

in form, colour, and the number and position of the eye-groups, in

reality belong to the next species. The subject requires further

investigation, which, owing to the pressure of other work, I am
unable to undertake at present. The specific characters and syno-

nymy of this form are given fully by Lang in his " Polycladida," and
the previous records on our coast in my " British Marine Turbellaria."

Adult examples occur generally at Plymouth, under stones and
shells from the littoral zone down to 15 fathoms. They are plenti-

ful during July and August, becoming scarcer in September. Mr.
Garstang informs me that the species during February is difficult to

discover even in its summer haunts. It is tolerably certain that, like

the majority of littoral animals, the adults die in the autumn, and the

young probably attain sexual maturity in the following summer.
Copulation in this species has not hitherto been observed. The

eggs are laid in successive batches, surrounded by an albuminous
substance. They adhere to stones, algee, &c., between tide-marks,

and after a period varying from a fortnight (Keferstein) to two
months (Hallez) the larvge hatch out. Specimens 1 to 3 mm. in length,

and having the outline of a spherical triangle, were fairly abundant
in the littoral zone in September. Thus at Wembury Bay and inside

the Breakwater many specimens were obtained with the aid of the
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hand-net among Laminaria, Corallina, &c. A few specimens also

occurred in tow-nettings taken close inshore and also in mid-channel,

outside the Breakwater. At present I am unable to state whether

these young Leptoplana belong to either or both of the species here

recorded. The genital ducts afford the only secure diagnostic

features, and naturally these are wanting in the present instance.

51. Leptoplana Drcebachensis Oersted.

In my paper previously cited I have discussed the possible identity

of this species with the older L. atomata, 0. F. M,
Recently, specimens from Plymouth Sound have reached me which

agree in almost every particular with L. Drcebachensis, Oe., as described

by Jensen, and it appears probable that this species has hitherto been

confused on our coasts with L. tremellaris. The old species, L. ato-

mata, 0. F. M., whose relations with other species of the genus are

totally obscure, might perhaps be dropped altogether.

B. GOTYLEA.

Family EURYLEPTID^.

Genus 23.

—

Prosthecer^ds.

52. Prosthecerj;ds vittatus (Montagu).

This fine species, discovered by Montagu in the estuary of Kings-

bridge, has occurred off Stoke Point on Diazona in 15 fathoms

(Mr. Cunningham), and also in the Sound (Mr. Garstang).

Genus 24.

—

Cycloporus.

53. Cycloporus papillosus Lang.

Infra-littoral specimens have occurred on ascidians and sponges

{e. g. Hymeniacidon sanguinea) dredged in the Cattewater, and also

outside the Sound. The variety Isevigatus occurred along with

Stylostomum variahile (to which it bears no little resemblance) in the

river Yealm in October. The relations which appear to exist between

this species and the substratum in which it lives are discussed by me in

the forthcoming number of the Transactions of the Liverpool Biological

Society. ' •
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Genus 25.

—

Eurylepta.

54. Eurylepta cornuta (0. F. Miiller).

Occasionally dredged on the Duke Rock and in the estuary of the

Yealm.

Genus 26.

—

Oligocladus.

55. Oligocladus sanguinolentus (Quatrefages).

Adult specimens were dredged off the Duke Rock, Millbay Channel,

Cawsand Bay, and Stoke Point.

Genus 27.

—

Stylostomum.

56. Stylostomum variabile Lang.

Estuary of the Yealm, Duke Rock. Young stages were found

between tide-marks at Redding Point and round the Mallard Buoy
in September.
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The Post-larval Stage of Arenicola marina.

By

Win. Blaxland Benliam, D.Sc.L<ou<l.,

Aldrichian Demonstrator of Anatomy in the University of Oxford.

With Plate I.

By " post-larval stage " I wish to indicate tliat stage in the deve-

lopmental history of Arenicola at which the full adult number of somites

has appeared, and the body is already distinguishable into (a) an

anterior chaetigerous region, and (6) a posterior achastous region or

tail, but in which the gills are not yet completely formed or have

not yet even made their appearance.

Such a stage was sent to me early in March, 1893, by Mr. Gar-

stang, with a suggestion, which turned out to be perfectly well

founded, that the worms were the young of Arenicola.

My hearty thanks are herewith accorded to him for his kindness

in giving me the opportunity of studying them.

Two of these small worms were collected, one on February 22nd,

the other on the 23rd of the same month, and he sent them to me
preserved. One was stained and mounted entire, the other was cut

into sections, partly longitudinal, partly transverse. An unfortunate

accident to the longitudinal sections deprived me of investigating

the anterior end of the worm as thoroughly as I could have wished,

and though Mr. G-arstang has been constantly on the look-out for

more specimens, success has not crowned his efforts.

Mr. G-arstang gives me the following information as to these larvce ;

—" Each was inhabiting a perfectly colourless and transparent gelatin-

ous tube, obviously secreted by itself. The body of the Are)ncola larva

was very flexible when alive, enabling it to wriggle actively in an

eel-like manner in the water—generally near the surface—when placed

in a tall clear glass jar.^'
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" The tAvo extremities of the body were in each of the larvse

yellow. This yellow colour was due to a number of yellow bodies

or cells apparently situated in the epidermis. The blood was dis-

tinctly reddish."

" The gelatinous tube seemed to invest the body closely, and was
certainly no impediment to the animal."

These two specimens are practically identical.

The worm is about 6'8 millimetres in length. It consists of a

prostomiunij without eye-spots, but with a light area or depression on

each side in which is lodged the otocyst, followed by a peristomium

and twenty chsetigerous somites forming* the anterior region, with a

tail of a greater number of somites—some thirty or more—terminating

in a small pygidium or anal somite.

These tail somites are difficult to enumerate, as the septa are not

well developed, but each segment is surrounded by a band of gland-

cells, which serve for their demarcation.

The worm is surrounded by a structureless gelatinous-looking enve-

lope or tube (figs. 1,4), probably secreted by these gland-cells, which

are not confined to the tail, but occur in every somite ; in fact, they

are more abundant in the anterior somites, and here occur in two

bands per somite, separated by a narrow non-glandular band (see

fig. 7). This closely investing gelatinous tube seems, when taken in

connection with sundry internal arrangements, such as nephridia,

septa, &c., to point to an affinity with the Chlorhsemidse.

As will be seen from the accompanying figures (fig. 1), the dorsal

bundle contains two long capillary ch^etaB, of which one is longer than

the other.

The peristomium is achaetous ; the first dorsal bundle is represented

by a minute dorsal cliaeta {Gh. 2), scarcely protruding from the body,

in Somite 2. At first sight the entire region between the pro-

stomium and the first long chseta appears to be achaetous, but this

region is divided into two portions by a slight groove ventrally, and
careful observations showed this small cheeta [Gh. 2, fig. 1), demon-
strating the composition of this region. In the adult Arenicola the

achgetous region following the prostomium has been regarded on

other grounds—to wit, the existence of two septa anterior to the

first bundle of chaette—as being composed of two somites.

This small chaeta, then, probably disappears in the adult, as has

been shown to be the case with the anterior chaetae in some other

Polychjetes.

The ventral chastas commence in Somite 3 ; they are much
shorter than the capillary chaetae, being only about twice the length of

the thickness of the body-wall. Each chgeta is a sigmoid hook, with

a small but distinct notch (fig. 2), the lower prong being the larger.

NEW SERIES. VOL. Ill, NO. I. 4
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In tlie first few bundles there are only three chfetae ; the number in-

creases as we pass backwards, till in the hinder somites eight or nine

chgetse constitute a bundle. Both the dorsal and ventral chsetse

differ from those occurring in the adult, in which the dorsal chaetge

present a series of small processes on each side (see Cunningham,

Trans. Ed. Roy. Soc, xxxiii, 1888) ; whilst the ventral ones, as my
fig. 3 shows, are without the smaller prong. Naturally the size of the

chastpe differs, some idea of which difference will be conveyed by a

comparison of figs. 2 and 3.

Of the thirteen pairs of gills in the adult, the present post-larval

stage shows in profile only six pairs, situated on Somites 14—18.

But I believe I can detect other gills on succeeding somites in the

mounted specimen ; however, it is difficult to be certain of the

number. In the adult the first gill, which is quite small, occurs on

the ninth somite (seventh elitetigerous), and the last in the nineteenth

chaetigerous {i. e. the twenty-first somite) . Thus the gills make their

appearance from behind forwards. Each gill is at present merely

a small somewhat conical papilla or eversion of the epidermis, con-

taining a potential cavity entirely occupied by a looped blood-vessel

(see fig. 5). The appearance suggests that these gills of Arenicola

are special structures, and not, as in Eunice and other free-living

Polychtetes, modifications of the dorsal cirrus, as there is no trace of

sensory hairs, which are present even in quite early stages in the

development of cirri—for instance, in Polydora.

The epidermis is at this stage a single layer of cells, and varies, as it

does in the adult, in different parts of the somite. In the non-glandular

band (figs. 4 and 7) the cells whose outlines are not recognisable are

flattened, and the nuclei are oval with their long axes parallel with

the surface of the body. In the glandular band, however, the

epidermis is thicker (fig. 5), and consists of narrow, deeply staining

cells, compressed between large gland-cells. The nuclei of the

former are small and circular, and of the latter compressed against

the side of the cell. Viewed from above, the epidermis presents the

appearance of fig. 7.

Wiren (Kongl. Svensk. Vet. Akad. Handlingar, 22, pi. i, figs.

1—23) has described a similar difference in the epidermis cells

between the ridges and those constituting the ridges in the adult.

Probably these glandular bands of, the post-larval stage become

broken up into the polygonal areas or ridges of the adult.

I would here call attention to the strongly marked grooves, each

followed by a distinct ridge, in the anterior somites ; in this ridge the

chaetae are inserted. This is true of both the post-larval stage and of

the adult, and one would at first sight regard these grooves as

intersegmental grooves, so that the chaetae appear to have the rather
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abnormal position of the anterior margin of the somite. But such is

not in reality the case ; dissections of the adult, as well as observa-

tion of the nephridia of this present stage, indicate that the cheette,

and thus the ridge and groove, are in the middle of the somite, for

in the anterior regions of the adult are certain complete septa, the

last of which is placed midway between the third and fourth bundles

of chaetse, the next anterior midway between the second and third

bundles. The anterior end of the nephridium in the somites con-

taining these organs lies about midway between consecutive bundles

of chsetse—where, in fact, the septum would occur. I am unable to

distinguish the septa in the present mounted specimen.

Of internal structures I will draw attention more particularly to

the vascular system. Wiren (loc. cit., p. 38, et seq.) has shown that

in the adult Arenicola the dorsal and ventral blood-vessels are merely

local enlargements of a continuous perienteric sinus, from which the

axial portions are slightly nipped oif . Noio at this jpost-larval stage

Ifind no sinus. Both the dorsal and the ventral vessels are quite

distinct from the wall of the gut, as the camera drawing (fig. 4) shows.

From these axial vessels branches pass right and left to the wall of

the gut (diagrammatically shown in fig. 8), where they subdivide

to a slight extent, and give rise to a but feebly developed plexus

below the ccelomic epithelium.

I have already, in discussing the perienteric blood-sinus of certain

earthworms,* referred to the improbability of its being a primitive

feature, as is sometimes held. Here in Arenicola, at any rate, we
have a network preceding ontogenetically the sinus of the adult.

Other vessels pass to the gill as shown ; the dorso-branchial vessel

passes straight to the gill, curves round at the apex of the latter,

and after two or three twists passes to the ventral vessel. Another

vessel passes to the nephridium, but I have not traced its origin.

The blood-vessels are covered by coelomic epithelium, which, in the

case of the ventral trunk and the ventro-branchial vessel, consists of

rounded cells with brownish granular contents and a round nucleus
;

they are, in fact, chloragogic cells : elsewhere the coelomic epithelium

is flat.

In the body-wall the circular muscles are already present, and the

epidermis rests directly upon them—the subepidermic tissue

described by Wiren has not yet made its appearance.

The longitudinal muscles are interrupted at three points, ventrally

at the nerve-cord and dorso-laterally at the level of the dorsal

chgetae. The oblique muscles so characteristic of Polychaeta are

attached at these same points (see fig. 4).

* Quart. Journ. Mic. Sci., xxxiv, A New English Genus of Aquatic Oligochseta

(Spargauophilus)

.
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As to the separate existence of a somatic coelomic epithelium I

feel some doubt ; apparently the inner ends of the cells giving rise to

the longitudinal muscles are themselves the lining of the coelom, so

that these cells are viyocnelomic.

The nephridia are confined to Somites 6—10, though there may
be traces of them in other somites. I believe I can distinguish a

small one, for instance, in Somite 5. They have thus the same

position as in the adult, where they occur in the fourth to eighth

chfetigerous somites, i. e. Somites 6— 10.

But though they have the same position, they are very different

in shape. I have previously figured this organ in the adult (Quart.

Journ. Mic. Sci., xxxii, pi. xxv, The Nephridium of Lumhricus, ^c),

and the present fig. 6 may be compared therewith. In place of the

great wide sac there is in the post-larval stage quite a simple narrow

tube, running nearly in a straight line from the nephridial pore,

situated behind the ventral bundle of chaetae, forwards to the

nephrostome, about midway between that bundle and the preceding

one. The tube is, however, divisible into two regions, according to

the presence or absence of concretions. The former (fig. 6, a) forms

rather more than half the whole length of the tube. The organ is

ciliated throughout.

The nephrostome is perfectly simple, so far as I can judge ; is

without lips, so that we cannot speak of a " funnel " in the usual sense

of the word.

With regard to the alimentary tract, it presents exactly the same

regions as in the adult. The narrow oesophagus passes back from

the pharynx (? if this is eversible) into a wide " stomach/' occupying

Somite 7 and part of 8. Into the hinder part of this a pair of

cone-like diverticula open, each diverticulum being longitudinally

ridged internally. Immediately after the stomach the gut presents

a series of pouches on each side, as in the adult. This sacculated

region extends through four or five somites, and is succeeded by

the narrow intestine, which suddenly dilates in the " tail," and here

occupies nearly the whole cavity of the body.
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DESCRIPTION OF PLATE I,

Illustrating Mr. Benllam^s paper on '' The Post-larval Stage of

Arenicoia marina.^'

Pia. 1.—View of the larva mounted whole (from a camera drawing, under Zeiss aa,

occ. 2). X 38. The animal is lying on its right side anteriorly, hut is twisted in Somite

13, so that it presents its dorsal surface upwards. The dorsal chsetaj of the right side are

seen as far forwards as Somite 8. The ventral chsetae are seen anteriorly, but have not

been represented after Somite 13. The rudimentary gills are seen in Somites 14 to 21.

The somites in the "tail" are indistinct except towards the anus. The dark shading

round the animal represents the structureless envelope secreted by it. Ch. 2. Rudimentary

dorsal chseta of Somite 2. div. The diverticulum of stomach of the left side. d. ch. I. The

dorsal chsetaj of the left side. d. ch. r. The dorsal chastae of the right side. int'. Narrow

intestine, int^. Wide intestine, m. Mouth, oes. ffisophagus. oto. Area deprived of

pigment, below which is situated the otocyst. Pros. Prostomium. sac. Sacculated region

of intestine, stom. Stomach.

FiGt. 2.—One of the ventral chaetse from a transverse section. (Camera, Zeiss D. 4.)

X 500.

Fia. 3.—One of the ventral chaetae of an adult Arenicoia. (Camera, Zeiss B. 4.) x 150.

Fig. 4.—Transverse section through middle region of the body, about Somite 16.

(Camera, Zeiss D.2.) x 200. [The intestine has probably shifted a little from its natural

position. The oblique muscles are not cut through in the section drawn, but I have added

them from neighbouring sections.] Bl. ves. Blood-vessels passing to and from the gill

(which is not represented in the section), chlor. Chloragogen cells around the ventral

blood-trunk, circ. muse. Circular muscle of the body-wall. dors. v. Dorsal blood-trunk.

epid. Epidermis, int. Intestine, long. mus. Longitudinal muscles of the body-wall.

n. cells. Nerve-cells, n.fi. Nerve-fibres, mm. circ. Nuclei of circular muscles, nu. long.

Nuclei of longitudinal muscles, obi. mui. The oblique (or transverse) muscle, splanch.

Nuclei of visceral ccelomic epithelium, vent. ves. Ventral blood-trunk.

Via. 5.—A section through a gill. ep. Epidermis, in which is a number of gland-cells

(ffl. c). circ. mus. Circular muscles of the body-wall. £1. ves. Branchial vessels.

Fig. 6.—A portion of Fig. 1 more highly magnified. It represents one of the somites

containing a nephridium. (Camera, Zeiss D. 2.) x 200. The body-wall and the intestine

are represented by the shading. The chaetse of two neighbouring somites are included in

order to show the relative position of the nephridial pore and funnel, a. The excretory

region, b. The " duct."

PiQ., 7.—A portion of the body-wall viewed from the surface; it shows one of the

glandular bands {b) bounded by the narrow non-glandular rings (a, a) which occur in each

somite, gl. Gland-cells.

Fig-. 8.—Diagrammatic transverse sections of the body to show vascular system in the

branchial region on the right side, and the intestinal vessels on the left side. £r. ves.

Branchial vessel. Z>or. we*. The dorsal trunk. Vent. ves. VentrcLl trunk. Both are quite

separate from the wall of the intestine (see Fig. 4). d. int. ves., v. int. ves. Vessels passing

from these trunks to and from the plexus in the wall of the intestine {int. cap.).
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The Immature Fish Question.

By

J. T. Cuimingliaiii, 91.A.,

Naturalist to tlie Association.

I. STATISTICS.

It is only eight years since the Royal Commission on beam trawling

issued its report, and already a Select Committee of Parliament has

been appointed to make a new inquiry into one of the principal sub-

jects investigated by that Commission, namely, the decrease of the

fish supply and the advisability of remedial measures. Among the

conclusions of the Commission was this one :

" That in the absence of a proper system of fishery statistics and

scientific observations, it is impossible to measure the fluctuations of

the fisheries or to discover their causes."

In consequence of this statement the Board of Trade began the

collection and publication of fishery statistics in 1886. Before that

time only a return of the quantity of fish conveyed inland by rail

had been issued ; and although the Scottish Fishery Board had for

many years obtained some statistics of the fish caught and landed in

Scotland, none had been recorded in England, Wales, or Ireland.

The Fishery Statistics are now annually issued in a series continuous

with the old return of rail-borne fish, which is still included among

the tables. The return now gives the total quantity and value of

the different kinds of fish landed, the average price, the quantities

for the different coasts of England and Wales, the quantities for the

different months, and the totals for each port or district.

Within the last few years an agitation has developed among those

engaged in the fishing industry on the east coast of England,

concerning the capture of immature or undersized flat-fish, and the

decrease in the supply of the more valuable kinds of these fish,

namely, soles, turbot, brill, plaice, and lemon soles. The conclusion

of the Commission of 1883—5 on this subject was as follows :

After carefully considering the whole evidence on the question of

the decrease of fish, we are of opinion that

—
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As regards territorial waters :

(1) On many fisliing-grounds, from the Moray Firth to Grimsby^

there has been a falling off in the takes of flat-fish^ both as regards

quantity and quality.

(2) There has also been a decrease in the takes of haddock in

certain places^ chiefly in bays and estuaries.

As regards off-shore waters :

(3) No decrease^ except in the case of soles, has been proved in

the total takes of the North Sea.

Now let us turn to the statistics that have since been collected.

The return for the year 1892 is not yet issued,'^ so that we have only

six years to compare altogether ; and this is a very short period to

draw conclusions from, even if the statistics furnished all the

particulars that were required to show the increase or decrease of the

supply. The table below shows the total quantities in cwts. of the

England and Wales—all Coasts.
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from this table that the total quantity of all fish exclusive of shell-

fish shows fluctuations^ but not steady increase or decrease. It is

true that the quantity for 1891 is the least of the six totals, but the

difi^erence is not great, and the fluctuations in the other five years

show that no definite importance can be attached to it. The

inclusion or exclusion of the item salmon makes no appreciable

diiference in the result, but it is puzzling to find that there is no

separate item for salmon in the year 1891, and no explanation of the

omission is to be found in the memorandum which precedes the tables.

It will be seen that the figures under the item " Prime fish not

separately distinguished " are so irregular that it is quite impossible

to understand them. The cause of the irregularity lies evidently in

changes in the method of classifying and estimating the fish followed

by the returning officers. We cannot believe that certain kinds of

fish constantly included under this item have fallen off to such an

extent. We must conclude that this item has been enormously

diminished by the abstraction from it of increasingly greater quan-

tities which have been included under the special items. For

practical purposes, then, this item is useless. If we look at the item

soles, we find that the quantity for 1891 was greater than for any

year except 1886 and 1887, so that on the whole there has been no

very great decrease. Exactly the same is true of turbot. Assum-
ing the figures to be reliable, however, there is a decrease in these

items since 1886. Plaice has only been separately distinguished

since 1888, and the annual total shows an increase, the figures for

1891 being the maximum. Brill has only been separately distinguished

for two years, and nothing can therefore be said about it. It is a

remarkable fact that there is no mention of lemon soles as a separate

item, although these fish are sold separately at most of the fishing

ports, and form an important proportion of the total catch of the

deep sea trawlers. Moreover the fishing industry includes lemon

soles among the flat fishes for which protection is demanded. We
may note that the total value of the fish landed has increased enor-

mously in the six years, the value in 1891 being three quarters of a

million pounds greater than in 1886.

As it is trawl-fishing which is chiefly concerned in the present

agitation I have added together the quantities under the items

mackerel, herrings, pilchards, and sprats, and given the result sepa-

rately as the total of drift-net fish, and given the remainder of the

whole quantity as the total of bottom fish. The latter item includes

certain other fish which are not bottom fish, such as salmon and

mullet ; but the quantities of these are relatively small, so that the

figures I have obtained as bottom fish probably represent fairly well

the total catch of deep sea trawlers. It will be seen, then, that there
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has been a much greater falling off in drift-net fish than in bottom

fish, considering all the coasts of England and Wales together. The

item bottom fish increased greatly till 1889, but has fallen off in the

following two years.

If we examine the various coasts separately, we find that the

results for the east coast are closely similar to those for all coasts

together. Lx the total quantity of fish landed, there was practically

no decrease until 1889, but a decrease in 1890 and 1891. The total
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greatly increased, with a slight falling off in 1891 ; and plaice, as on

the south coast, has decreased.

South Coast.
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we find that on the east coast the latter item has varied but little.

It was greatest in 1888, and the next highest figure is that for 1891.

On the other hand, the total of drift-net fish has decreased steadily

since 1886. On the sovith coast the annual quantity of drift-net

fish has been pretty steady for four years out of the six, but the

total for 1891 is only half that for 1886. Bottom fish on the south

coast increased greatly to a maximum in 1890, but fell back con-

siderably in 1891. On the west coast both drift-net fish and bottom

fish have enormously increased.

These results are chiefly, perhaps entirely due to the fact that in

recent years a large number of east coast boats of the largest size,

both trawlers and drifters, have annually spent a portion of the year

in fishing on the more distant grounds on the south and west coasts

of England and the south coast of Ireland. Sailing and steam

trawlers have fished on the grounds to the south and west of the

Wolf Rock between the Scilly Isles and Mount's Bay, off the north

coast of Cornwall and in the British Channel. Every spring a large

fleet of mackerel boats from Lowestoft make Plymouth their head-

quarters, and land their fish at that port. The effect of this recent

movement in the fishing industry is plainly indicated by the figures

in the official return of the total quantities of fish landed at the

principal ports on the several coasts (Table below) . Thus we see that

the quantity landed at Grimsby has slightly decreased, at Lowestoft

has varied but little, at Plymouth has steadily increased, and also

at Brixham ; at Tenby there has been a decrease, while Milford

(including Neyland) has sprung from nothing to be as important a

port in relation to landing fish as Lowestoft.
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fish caught in a given time by the same or a similar boat in successive

years. The Fisheries Department of the Board of Trade has not yet

attempted this. Indeed, it has not attempted anything in relation to

this subject beyond the collection of the quantities of fish landed, dis-

tinguishing certain kinds of fish, different coasts, and different ports.

There is absolutely nothing in the statistical tables and memorandum
concerning the number of men and boats or the size and character

of the boats employed in the fisheries, if we except a brief refer-

ence in the memorandum of the first return, that for 1886. In this

memorandum the number of boats and men was quoted from the

Annual Statement of Navigation for 1885, and the value of fish

landed was calculated per boat and per fisherman. In order, then.

Boats registered in England and Wales under 8ea Fisher

1868.

ies Act,
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ment in 1886 to take over all fisheries business, the Act of 1868 is

not administered by tliat department. The first class of fishing-

boats includes those of fifteen tons and upwards ; the second class,

those less than fifteen tons not navigated by oars only ; the third

class, boats navigated by oars only. The table on the preceding

page shows the boats on the register in successive years from 1871

to 1891 . I have also extracted the number of men and boys constantly

employed in fishing, compiled from estimates made by the collectors

of customs, omitting the figures of those occasionally employed, and I

have given the number of men and boys required to work the boats

whose certificates were produced and endorsed. But both these sets of

figures are only approximations, for the production of certificates

every year is not everywhere rigidly enforced. The important

points brought out by these figures concerning boats and men are

the following.

The total number of first-class boats increased steadily from 1871

to 1885—namely, from 2582 in 1871 to 4040 in 1885. Since the

latter year the number has slightly decreased down to 3873 in 1891.

The total number of boats of all classes steadily decreased from

15,615 in 1871 to 8063 in 1891. The total tonnage of all classes

included increased steadily from 131,000 in 1871 to 217,000 in

1887, since when it has slightly decreased to 207,000 in 1891. The

total number of regular fishermen increased from about 25,000 in

1874 to 34,526 in 1887, since when it has decreased to 33,044.

Now, logically to pursue the inquiry into the increase or decrease

of the fish supply, in particular of the supply of various kinds of

trawled fish, and of all kinds together, it would be necessary to be

able to compare the catch obtained by equal catching power in a

series of years. This has recently been attempted by the Fishery

Board for Scotland, which, having adequate powers, has been able for

the past three years to collect statistics of the tonnage and value of

trawlers fishing on the Scottish coast, and the quantities of fish

landed by these trawlers, apart from the fish landed by other boats.

This has not been done for England and Wales, and could not be

done by the present defective organisation of fishery authorities in

this part of the kingdom. The Scottish Board has an efficient

scientific department managed by competent scientific men, who have

devoted their trained powers and scientific methods to the problems

of sea fisheries. They have also the whole coast divided into

districts, each provided with a competent fishery officer who has

complete knowledge and experience of the fisheries, but no pecuniary

interest in them. The scientific authority can thus without

difficulty obtain any information it requires.

The statistics thus obtained by the Scottish Board are discussed
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in detail by Dr. Fulton in the Board's tentli report, 1892. He finds

that the tonnage of Scottish trawl-vessels has increased from 2004 in

1883 to 6484 in 1891. The separate particulars of steam trawlers,

which make up the greater part of this tonnage, have only been

obtained since 1889. The fish landed by trawlers in Scotland has

been separately recorded since 1888, and Dr. Fulton states that the

total quantity has increased from 250,000 cwt. in 1888 to 323,046

cwt. in 1891. But, on the other hand, the quantity of fish per ton

of the vessels' tonnage has decreased from 92*9 cwt. to 49*8 cwt.

He is able further to give the quantity of round-fish and flat-fish

per ton of the vessels' tonnage separately, and also the proportional

quantity of several single kinds of fish. He finds in all except in

skates a great falling off.

However, it must be pointed out that, in the first place, it is not

safe to rely upon conclusions drawn from a series of statistics extend-

ing over so short a period ; and in the second place, that the Scottish

trawlers have been greatly handicapped by the closure of such exten-

sive areas as the Firth of Forth and other territorial waters where

they formerly fished.

In the following table I have indicated all that can be done in the

way of comparing the statistics of fish caught, and boats employed,
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titles of soles landed. But whereas the absolute quantities in 1890

and 1891 are less than in the years 1888 and 1887 respectively, the

quantities per first-class boat in the former years are greater. When
we examine the quantities per ton of first-class boats we find a still

greater difference from the absolute quantities, the proportion for

1891 being higher than for any other year except 1886. Taking

next the turbot, we find that the quantities per boat follow the same

order as the absolute quantities, and so also do the quantities per ton of

first-class boats. The last column of the table shows that the annual

earnings per ton of total tonnage have steadily increased in the six

years, so that although the public are poorer on account of the

increase in the price of fish, it would seem that the men and boats

actually earn more money every year. But this result, again, requires

qualification, for there has been especially on the north-east coast of

England a great increase in the number of steam trawlers, and

everywhere within the last six or seven years steam machinery has

been more and more generally used on sailing vessels as well as

steamers for hauling up the trawl. The steam trawler can make
more hauls than the sailing vessel, and yet her tonnage is registered

as less than that of a sailing vessel of the same size. For instance,

a steam-vessel of fifteen tons gross is registered in the first class, but

the tonnage entered for her is the net registered tonnage, which is

less than fifteen tons. Taking these difficulties into consideration, it

is not worth while to calculate the quantities of fish per boat or per

ton for the several coasts separately.

Summary

.

—To summarise these results, then, the analysis shows

that there has been no continuous decrease in the total quantity of

fish caught, nor in the quantity of total fish per ton of the total

tonnage of all kinds of boats. When we deduct the quantities of

mackerel, herrings, pilchards, and sprats, we find there has been a

considerable decrease in the total quantity of drift-net fish landed,

and a corresponding increase in the total quantity of other kinds of

fish. The total number of fishing-boats has steadily decreased since

1871, but the total tonnage reached a maximum in 1887. There

has been a decrease, but not a continuous decrease in the quantity

of soles and turbot landed, but an increase in the total quantity of

plaice. The decrease in the quantities of soles and turbot has been

confined to the east coast, and there no decrease in plaice has

occurred. On the south and west coasts the quantities of soles and
turbot landed have largely increased, and plaice also on the west

coast ; on the south coast plaice have somewhat decreased.

Postscript.—After this paper was finished the statistical tables

and memorandum for 1892 were published. I have therefore

inserted the figures for this year in the tables, but time is not avail-
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able to recast the paper and incorporate the returns for this year in

it. It will be seen that my general arguments are confirmed by last

year's figures. Soles for all coasts have fallen again, but turbot

have nearly reached the maximum figures of 1887. The total fish

excluding shellfish is greater than in any other year since statistics

were collected, and so is the value. Drift-net fish have increased

again, and the total of bottom fish is higher that in 1891. Similar

remarks apply to the east coast considered separately.

A new feature in this return is Part III—A Statement of the

Boats and Men for the years 1888 to 1891 inclusive. I have given

these years among the whole series of years for which I have

extracted these particulars from the Annual Statement of Navigation,

and what I have said on this head requires no modification.

My hope and expectation that the extraordinary treatment of

lemon soles in the tables would be remedied in this return are

utterly disappointed. No change whatever is made. Lemon soles

are placed in the Scotch tables as prime fish equivalent to soles in

the English tables, while they are not mentioned at all in the latter,

and English soles and Scotch lemon soles are added together to pro-

duce the total of soles for the United Kingdom. The official statis-

tics of fish remind one of the French phrase, " Plus 9a change, plus

c'est la meme chose."

II. SCIENTIFIC INQUIRIES.

1. At Plymouth.

Since last Christmas, in accordance with the Council's special in-

structions, I have been making systematic investigations into the

question of the capture and destruction of immature or undersized

fish at Plymouth. The following is my report on these investiga-

tions as far as they have yet gone. By immature fish in the tables

I mean females in which there is no trace of yolk in the young eggs

in the ovary when examined under the microscope. Immature males

have been distinguished by the extremely undeveloped state of the

testes. All the males registered as mature either contained ripe

spermatozoa or were obviously spent.

Lemon Soles or Merry Soles.

Between January 1st and March lltli I examined 220 specimens

of this species {Pleuronectes microcephalus) procured from the fish

quay as landed for sale. The examination was carried out in the
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Laboratory with tlie utmost minuteness and attention, and the results

are shown in the following table.

Lemon {Met
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for lemon soles was 11 inches in total length. Of the specimens

included in the above table 100 were under that size and 120 over—that

is to say, 45 per cent, of the number were under 11 inches in length.

This, however, may not represent accurately the average proportion

among all the fish of this kind landed. I will give, therefore, the

results of observations which I made during a three days' trip on

board a trawler at the beginning of March. We were trawling off

Dodman Point in Cornwall, a ground where merry soles are usually

abundant. We took 264 of these fish altogether. None of these

were immature, and none were returned to the sea as unsaleable ; the

smallest was 7 inches long, 179 of these were over 11 inches in lengthy

85 were under that length. That is to say, 32 per cent, of the

merry soles caught were under the proposed limit. Merry soles

form a very important part of the total catch of a trawler fishing

out of Plymouth, and they fetch a very good price. There would

be the strongest opposition on the part of Plymouth trawlers to a

proposal that they should be compelled to throw away 32 per cent,

of the merry soles they catch.

The smallest merry sole I have ever obtained at Plymouth was 6*4

inches long, and this was a perfectly ripe male. As far as my expe-

rience goes, smaller specimens than this are never caught either by

deep sea trawlers or any other kind of fishing-boats.

The merry sole or lemon sole is not a large fish. The largest

obtained by Dr. Fulton on the east coast of Scotland was 18 inches

long. I have not yet seen any at Plymouth over 1 7 inches in length,

and no males over 16 inches.

On the south coast merry soles, large or small, are not captured by

any boats, or very exceptionally, other than the deep sea trawlers,

and they are only found in abundance at a considerable distance from

the coast. The inshore waters, which yield often plenty of plaice,

supply very few merry soles. Neither the full-grown nor the young

of this species are taken in any numbers in territorial waters on

British coasts. The evidence available shows that the young lemon

soles when they first go to the bottom, instead of seeking the shore as

young plaice do, travel in the opposite direction, and pass the first

period of their lives at depths greater than those where the adults

abound. Dr. Fulton, in his systematic search on the coast of Scotland,

obtained only four specimens as small as 2 inches, although he

obtained 64 out of a total of 195 under 8 inches. On the west coast

of Ireland, the Irish Survey of 1890—91, obtained three specimens

Ij inches long at depths of fifty-two to sixty fathoms. Mr. Holt

has, however, recently found that young lemon soles 2 to 4 inches

in length are not rare in the estuary of the Humber in autumn. But

these were not in large numbers, the greatest number caught in one
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haul of tlie shrimp trawl being sixteen. We may, therefore, practi-

cally confine our attention to the deep sea trawlers.

Mr. Holt has been investigating the question on the east coast for

the North Sea since January, 1892. He says that the male lemon

sole is sometimes mature at 6 inches, and that no specimen smaller

than this could be procured. He says he has found immature

females from 6 inches to 12 inches in length. But not all females

are immature under 12 inches or under 11 inches. Many were

mature at 10 inches, some at 9 inches, and one female even at 8

inches. Mr. Holt examined 424 specimens, the smallest he could

procure, by far the greater number under 1 1 inches in length ; and of

these, 125 were immature—that is, 29 per cent. If we take only

those under 11 inches examined by him, the numbers are these :

—

Total number examined, 263 ; immature, 101, or 38 per cent. Even

this is not a very large proportion. I do not think it is large enough

to justify any legislative interference with the capture of lemon soles.

Mr. Holt states that young lemon soles are not taken on the eastern

grounds.

It is certain, therefore, from the evidence reviewed that neither

immature nor undersized lemon soles are captured by the deep sea

trawls in excessive proportion on any particular grounds, and the

question with regard to this particular fish is narrowed down to this :

—

Is it necessary or advisable to interfere in any way with the capture

and sale of the smaller lemon soles, which the trawlers at present

take on all ordinary off-shore fishing-grounds ?

In the first place it must be noted that all the lemon soles taken

are saleable and good for food. None are thrown overboard as use-

less, and all find a ready market. If a limiting size is enforced

either the prohibited fish must be thrown overboard, or the fishermen

must find a method by which they can avoid catching them. If

they are forced to throw the small fish overboard, it is certain that

they will not all be returned to the sea alive. It is doubtful if any

or more than a very small proportion would survive if thrown over-

board. According to my experience at Plymouth, it is seldom that

the fish are sorted out and picked up as soon as they are emptied

from the trawl on to the deck. In rough weather, and when the

trawl contains a large quantity of stuff, the fish have been subjected

to a good deal of mechanical violence before they reach the deck.

Then the trawl is frequently torn, and it is mended and shot away
before the fish receive any attention. Again, hauls are frequently

made at night, when it would be troublesome and difficult to distin-

guish the smaller fish. In a great many cases the fish would not be

thrown overboard until they were dead or beyond hope of recovery.

An enlargement of the mesh of the net has often been suggested
;
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but this will be considered in reference to tlie protection of immature

fish generally. It is enough to state here that no enlargement of

the mesh sufficient to allow lemon soles of 7 or 8 inches in length

has yet been proved to be practicable.

It has been shown by my own observations at Plymouth^ and

Mr. Holt's at Grimsby, that practically no lemon soles are taken

which are less than 7 inches in length. Now this length bears the

same proportion to 18 inches, the maximum length of the lemon sole,

as 10| inches does to 28 inches, the maximum length of the plaice.

Therefore, since it is proposed to restrict the capture of plaice to

those above 10 inches, the corresponding restriction with regard to

lemon soles, as actually now enforced by natural conditions, is an

established fact without the aid of law. To put this aspect of the

matter in another light, if it is proposed to set up a limit of

11 inches for lemon soles, then the corresponding limit for plaice

must be 17 inches, for 11 bears to 18 the same proportion as 17 to

28. I do not think the fishing industry would consent to a law

which prohibited the landing or sale of plaice under 17 inches.

The limiting sizes adopted by the conference of 1892 were for

turbot and brill 12 inches, for lemon soles 11 inches, for plaice and

soles 10 inches ; and yet both the plaice and the sole grow to a larger

adult and maximum size than the lemon sole.

My conclusion, then, is that no case has been made out for any

interference with the capture, landing, or sale of lemon soles.

Where it is found that a kind of fishing is practised which is

diminishing or endangering the supply of a particular kind of fish

without producing any great profit either to those engaged in it or

to the community, then it is allowable to restrict or prohibit that

kind of fishing. But the evidence at present available shows that

any restriction of the fishing for lemon soles now carried on would

be a hardship to the fishermen, a loss to the public, and of no certain

benefit to the fishery.

It does not necessarily follow that if the supply of a certain kind

of fish is diminishing, laws must be passed with the object of stopping

the diminution. It may not be possible to improve the supply by
special measures. When that is the case we must wait until the

limit of diminution is reached ; at a certain point the increase of the

appliances for capture will also cease, because profits will be reduced

to a minimum, and so an equilibrium will be established. But it is

necessary to point out that in the case of lemon soles we have no

sufficient evidence that the supply is diminishing or has diminished
;

scarcely any evidence at all on the question. For England and Wales
we have no statistics of any kind with regard to lemon soles ; as far as

this fish is concerned no statistics have yet been collected. Trawlers
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and fish traders at Plymouth unanimously maintain that in that

neighbourhood the supply of merry soles has increased in recent

years. They say that formerly, ten years ago, merry soles were not

abundant enough to be sold separately ; they were sold mixed with

plaice as flat-fish. Now they are sold separately, and form an im-

portant item in the trade. The fishermen say that this is not due to

an increase in the number of boats or an increase in the price of the

fish, nor to the working of new grounds. They say that they get

many more merry soles now on the same fishing-grounds than they

did from five to ten years ago. What is the case in the North Sea

I cannot say, but for the east coast of Scotland we have statistics.

The gross quantity of lemon soles landed in Scotland is still increasing,

while the total quantity of turbot, and of flounders, plaice, and brill

together, appear to have reached a maximum about 1888 or 1889.

Between 1888 and 1891 the quantity of lemon soles has increased

from 12,667 hundredweight to 17,739 hundredweight. But, on the

other hand, Dr. Fulton finds that the quantity of lemon soles caught

by beam trawlers per ton of the vessels' tonnage decreased in the

years 1889 to 1891. As I have mentioned before, no important con-

clusions can be drawn from statistics limited to three years. Thus

it is shown that, on the one hand, there is no evidence at present of

a statistical nature of a decrease in the supply of lemon soles, nor, on

the other hand, any evidence from the natural history of the fish, or

an examination of the fishery, that benefit could be obtained by im-

posing regulations or restrictions, or interfering in any way whatever.

Plaice.

The following table gives the results of examination of all the

plaice examined in the period mentioned. It simply serves to show

the relation of sexual maturity to size in this species at Plymouth.

The largest immature female was 14^ inches long, the smallest

mature female 9 inches, so that from 9 inches to 14| inches is the

borderland within which some females are mature and others imma-

ture. The smallest mature male was also 9 inches long and the

largest immature 12 inches.

Mr. Holt's results from observations on the east coast, as de-

scribed in the preceding number of this Journal, are somewhat

different. It is true he had examined a larger number of speci-

mens. He once found a ripe male only 6 inches long, but this he

rightly regards as quite exceptional. Apart from this, his smallest

mature male was 9 inches long, and his largest immature 15 inches.

Of females, his smallest mature was 13 inches long, and his largest

immature 17 inches. These differences correspond closely with the
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difference in maximum size of plaice on the east and south-west

coasts of Britain. Dr. Fulton states (8th Eeport of Scottish Fishery-

Board) that the largest plaice found on the east coast of Scotland

was 28 inches long. Mr. Holt tells me that he has never seen a

North Sea plaice more than 27 inches long, although possibly one of

28 inches may occur occasionally. The maximum observed by me
at Plymouth is 25 inches. There can be no doubt that the average
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captured by small ground seines in tlie estuaries near Plymouth^

chiefly in the estuary of tlie Tamar, called the Hamoaze. It is very

instructive to exhibit the details concerning these two classes of fish

separately, as I have done in the tables on this and the next page.

Plaice: January 1st to March llth, 1893.

From Traivlers.
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estuaries and in shallow water. In consequence of this fact we see

that at Plymouth the principal destruction of small fish is caused by-

inshore fishing, such as the seines in the Hamoaze. Inshore trawl-

ing and large ground seines used at Teignmouth and Dawlish doubt-

less are equally destructive. It must be remembered that this

Plaice : January 1st to March 11th, 1893.

From Seines in Hamoaze, 8fc.

Length.
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(2) Prohibition of fishing on certain grounds.

(3) Prohibition of capture in certain seasons.

(4) Mesh regulations.

The proposal to establish a size limit offers many difficulties. If

the limit of 10 inches proposed by the National Sea Fisheries

Protection Association were applied rigorously to all coasts of the

kingdom, it would not bear very hardly on deep sea trawlers in the

south-west. It would mean throwing overboard about 8 per cent, of

the plaice caught, and as these are the smallest fish, it would not be

a very great loss of earnings. Still it would be some loss, and would
be strongly opposed by the fishermen. Then, again, the fish thrown
overboard would not all be alive. Trawling in winter-time in strong

winds is such rough work, and so much attention has to be given to

mending and shooting the trawl and navigating the vessel, that the

fish often cannot be picked out from the mass of stuff brought up by
the trawl until it has been on deck some time. It is making a

great demand on the crews of trawlers to expect them to carry a

measure and measure their fish ; and if they were forced to do it, they

would think more of the importance of not throwing overboard any
fish which they could legally keep than of returning the fish to the

sea alive and in good condition. Fishermen, as a rule, do not

understand the conditions necessary to the life of a fish. They
almost always fail to bring fish alive when requested and paid to do

so, because they do not handle them with enough care, or supply

them with water properly.

On the other hand, Mr. Holt has proved that the Conference limit

of 10 inches would not prevent fishing in the eastern grounds of the

North Sea, the destruction of small plaice on which gave rise to the

present agitation. No higher limit would be tolerated by the south

coast trawlers. It must be remembered that it is not practicable to

enforce the biological limit. On the south-west coast the limit is

15 inches, but a large proportion of the fish under this size are

mature, and they are certainly marketable. To enforce this limit

would deprive the trawlers of about 50 per cent, of the total number
of their plaice, and probably dislocate the industry. Mr. Holt
believes that a limit of 14 or 15 inches would be enough to prevent
fishing on the eastern grounds of the North Sea, but he tells me
that in winter a good many fish of this size are taken on other

grounds, and suggests enforcing the restriction only in summer. It

is of course true that the imposition of a size limit would prevent to

a great extent the capture of small plaice by shrimping and seining

in inshore waters. But there is a great deal of destruction carried

on in shrimping and seining of plaice which are so small as to be
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unmarketable^ and this would not be affected by the establishment

of a legal size limit.

It seems to me that^ apart from the question of the extra-terri-

torial eastern grounds of the North Sea, if the capture of plaice

could be prevented altogether in territorial waters in this country

the fish would be protected to a most important extent, and the

difficulty of interfering with the operations of deep sea trawlers

would be avoided. At the same time beam trawling, except for

shrimps, should not be allowed in territorial waters. There would

be no greater difficulty in this than in preventing the capture of

salmon by illegal nets, which has been done for years. Plaice taken

by shrimp-net and seines can be returned to the water alive ; those

taken by deep sea trawls, speaking broadly, cannot. The wanton

destruction of plaice by shrimpers and seiners can be easily punished

by the local committees.

This proposal could not be carried out on the west coast of

Ireland, where nearly all the available trawling-ground is inside the

territorial limit. But there is no need for protection on that coast

at present.

I need not consider the question of the enlargement of the mesh,

because on the south-west coast the deep sea trawlers refuse to con-

sent to it, for the reason that with a larger mesh they would not

catch thickbacks [Solea variegata), queens [Pecten o^ercularis) , or

squid {Loligo), which make part of the men's earnings.

In order to prevent destruction on the eastern grounds of the

North Sea it would be necessary, without a size limit, to close the

grounds wholly or partially by means of an international convention.

It must be remembered that, as I have shown in the first portion

of this paper, we have as yet no statistical evidence of a diminution

in the supply of plaice, except a decrease in the total quantity

landed on the south coast. Even Dr. Fulton's figures do not include

separate figures for plaice.

Soles.

The soles of which the particulars are contained in the following

table (p. 75) were all taken by trawlers and purchased on the landing

quay. All of them were selected on account of their small size. The

number is small, but the results are not likely to be greatly altered

by examination of a larger number. There are no immature males

among them. The smallest mature female is 12 inches long, the

largest immature is 13 inches. Mr, Holt found in the North Sea

no immature females above 12 inches, while his smallest mature

female was only 10 inches long. Perhaps the soles on the south-west



THE IMMATURE FISH QUESTION. 75

coast are a little larger in average adult size than in the North
Sea. On the other hand^ Mr. Holt found some males immature at

11 inches, and I have seen no immature males ; but since the testes

are so small it is difficult to be certain that a male is immature.

The difference is in any case slight : according to Mr. Holt the
" biological limit " of immaturity is 12 inches^ according to my
result 13 inches ; but to exclude all immature fish it would have to be
13 and 14 inches respectively.

Soles : January 1st to March llth, 1893.

Length.
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and the number is not very great. I have heard that larger numbers

are taken by the ground seines on the coast of Devon^ but have not

yet made personal investigation of this mode of fishing.

Curiously enough on the eastern grounds, which are so often re-

ferred to, small or immature soles are not taken in any important

numbers, according to the observations of Mr. Holt. The destruc-

tion of soles too small for the market by inshore fishing in the

Humber has been shown to be insignificant by Mr. Holt in the pre-

ceding number of this Journal, as they are returned to the sea alive.

A considerable number, however, from 6 to 10 inches long are taken

and sent to market by shrimp trawlers in the Humber. On the

Lancashire coast Mr. Dawson finds similar facts with regard to

soles. Large numbers of soles are taken in the district much under

the size which should be taken, but few under 4 inches have been

observed. In trials with the shrimp trawl Mr. Dawson constantly

took small soles and plaice in such proportions as 4 to 900, 136 to

520, 8 to 720, and so on. The whiting were even more numerous

than the plaice. On the west coast of Ireland Mr. Holt found only

three soles under 10 inches out of a total of 529. The history of

the early stages of the sole is by no means cleared up. The probable

conclusion is that the young are not principally aggregated at parti-

cular depths or in particular regions, and few have been taken in

deep water because small-meshed trawls have been little worked

there. It is desirable, however, to protect the young which do occur

in shallow water, and I think the best way would be not to allow

them to be taken in territorial waters. As in the case of the plaice,

it would be possible to compel the men to return all soles caught by

inshore fishing alive to the water. It has been urged that it would

not be practically easy to discriminate between fish caught in terri-

torial waters and others. But it would be sufficient to inflict penalties

for taking certain fish in territorial waters, without interfering with

market, landing, or sale. In places where the fish were exceedingly

abundant all kinds of fishing could be prohibited.

Turbot.

Hitherto I have only examined seven turbot, and these were the

smallest I could obtain ; none were under 12 inches, and all were

landed by deep sea trawlers. Three were mature males, the smallest

13 inches long ; there were no immature males. Three were imma-

ture females, the largest 1 7 inches long. The smallest mature female

was 19 inches long. These results, so far as they go, indicate that

there is no difference between the south-west coast and the North

Sea with regard to this fish. Mr. Holt says the prohibition of turbot
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under 12 inches would not prevent tlie fishing in the eastern grounds

in the North Sea, where a large number of immature turbot are taken

and brought to market. There is no great destruction of turbot

under 12 inches, saleable or unsaleable, anywhere ; but some are

taken in inshore waters, &c., and it would be advisable to compel

the men to return these to the sea alive. What has been said of

the distribution of soles and measures for their protection applies

also to turbot.

Brill.

I have examined eight brill, none under 12 inches, and all from

deep sea trawlers, the smallest I could procure. There were no

immature males and no immature females. The smallest mature

female was 16 inches long. Immature brill are not taken, according

to Mr. Holt, on the eastern grounds in the North Sea.
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Inteoductory.

1 HAVE again so many acknowledgments to make for help

received that it would be invidious to select names, whilst to

enumerate all would unduly trespass on the space allotted to me.

The work, as before, has been carried on at the Marine Fisheries

Society^s Laboratory at Cleethorpes.

I. On the Eelation op Size to Sexual Maturity in Eound
Fish.

Since the flat fishes appeared to be of more immediate importance,

and time did not suffice for the thorough examination of both forms,

I have deferred to deal with the round fishes until the present

spawning season. Up to the time of writing only cod and haddock

have been spawning, and neither species has ceased to do so. My
records are therefore incomplete, even for these two forms, and
especially for the last named, owing to the difficulty which has been

experienced in procuring specimens from which the viscera have not

been removed. Sufficient information, however, has been gained to

justify the proposition of provisional size-limits, which will be useful

in considering the statistics given below (p. 81) as to the destruc-
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tion of undersized fish. For this purpose the observations of

Dr. Fulton, who has now (Rep. S. F. B., 1892) enhanced the

vakie of his former records by adding particulars as to sex, are of

great assistance, since the conditions of the area from which his

information was derived are, in great measure, identical with

those of the parts of the North Sea with which I am here dealing.

The standards of maturity which I have proposed below are

founded on the same basis as those put forward in the case of flat-

fish. It seems preferable to deal with the methods of distinguishing

the different conditions when the inquiry is more complete, but, of

course, it may be taken that, exceptis excipiendis, what is true of one

group of Teleosteans applies, in great measure, to others.

Cod {Gadus morrh^ia).

Provisional size-limit, 25 inches.

Examined during the spawning season.

Length.
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though in this respect the species before us is less particular than

some others, are known not to take a bait very readily. Moreover

a good part of them are inshore fish, and on this coast the cod

appears to spawn chiefly off shore. Hence it may be that the

percentage of immature indicated by the table is somewhat too

high to be applicable to the whole species. My inquiries are not

yet complete, and I have therefore chosen a provisional limit which

is very unlikely to have to be lowered.

It appears from Fulton's observations (Rep. S. F. B., 1892, Tab. v,

p. 239a) that on the east coast of Scotland the female may be

nearly mature at 2 1 inches, and this, no doubt, occurs in exceptional

cases in other parts of the North Sea. My own results show very

little difference between males and females in the size at which

maturity is reached, which is the less remarkable since the two sexes

do not greatly differ in size ; indeed, according to Fulton (op. cit.,

1890, p. 247), the male is the larger fish of the two. The same

authority, however, found the females to be the most numerous, and

such is my own experience as regards specimens of all sizes. It is,

therefore, rather singular that my table, which includes all the fish

of the given sizes which I could procure here, shows an almost exact

equality of number. The manner in which they were caught,

which has a tendency, as I have mentioned, to be less efficacious in

the case of gravid females, may partly explain the phenomenon so

far as it is apparent in the case of the larger sizes in the table.

Haddock {Gadus segleiinus).

Provisional size-limit, 13 inches.

It appears from the limited number which I have as yet examined

that the average size at which the female begins to spawn is about

13 or 14 inches. The largest immature and the smallest nearly

mature examples of this sex measured 16 and 11 inches respectively,

and the smallest fully mature specimen 15 inches. The male seems

to mature at a somewhat smaller size, viz. about 11 inches; all

males of less than 10 inches were immature, and in fish of less than

9 inches it was very difficult to find the testes at all. All of more

than 12 inches were mature or nearly so. Fulton's table (loc. cit.)

appears to indicate a very similar experience as to facts, and it is

evident that the pre-eminence in size which this authority ascribes

to the male is no bar to the latter attaining maturity at a smaller

size than the female. If we assume that rate of growth is propor-

tional to size, it would seem to follow that the duration of repro-

ductive life must in this case be greatest in the male. That the

same difference in attaining maturity is less apparent in the cod is
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probably explained by tbe greater advantage in size whicli Fulton's

figures indicate for the male in that species : tlie male haddock

being only very slightly larger than its mate, and having a longer

reproductive life_, the difference in the size at which the sexes spawn
is more marked than in the cod, in which species the male, also

fertile for the longer period, has a more noticeable advantage in size

over the female.

II. On the Destruction op Immature Fish in the North Sea.

I propose to resume this subject at the point at which I left it in

the last number of the Journal, and to arrange my remarks under

the same headings.

Beam-trawling by Large Vessels.

That the destruction of small fish in this area is far greater in the

summer than in the winter months is a fact which is probably suffi-

ciently familiar to most readers of this Journal ; the explanation being

that it is only at the former time that young flat-fish congregate on

certain grounds, alluded to in the last number of the Journal, in

sufiicient numbers to attract many boats to the grounds. Neverthe-

less a certain amount of small flat-fish appeared to be destroyed at

all seasons of the year, whilst the destruction of young round-fish by
trawlers is, as I shall endeavour to show, greatest in the winter

months. The diiferent species will be dealt with separately.

Plaice.—We have seen that the number of boxes containing only

small fish landed here from the beginning of April to the end of

August reached a total of 10,119. If we examine the figures for the

different months we find the destruction at its maximum in June,

each succeeding month showing a sensible diminution. I was given
to understand, by those who should be well qualified to impart
information on this point, that very little fishing would be done on
the eastern grounds after the end of June ; but, as the event proved,

this was far from being the case. My informants, I have no
doubt, spoke from their experience in former years, so that it would
appear that the grounds in question remained productive, or were
fished, to a later period than usual. If, as I suppose, the latter

solution is in part correct, it does not appear that we have much to

hope from the effect of public opinion on the fishing community in

general, though, as I have already said, there are honorable ex-

ceptions.

In September the diminution continued, the total number of boxes
landed during that month being 1184, as against 1924 in August.
To this number the small fleet on the Terschelling ground contributed

new series. VOL. Ill, NO. I. 6
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tlie largest number. I understand that the vessels ceased '' fleeting
"

some time during this month, but some of them continued to work

the same ground while " single boating.^' Only one steam trawler

brought in small plaice—viz. 295 boxes in three trips.

In October the total falls suddenly to 295 boxes, of which 133

were contributed by a Hamburg steam trawler, fishing to and from

G-rimsby on account of the cholera at home. Before this the German

steam-vessels do not seem to have molested the small plaice much. I

do not know whence the bulk of the small fish caught this month was

derived, except that part, and I believe a large part, came from the

Terschelling ground, where the very minute fish are not found.

Examination of the catches brought in from this ground during the

whole of the season failed to reveal any noticeable increase in size,

and since we know that individual fish grow rather rapidly, the

inference is that there is a constant succession, the fish passing from

shallow to deeper water as they grow larger.

October is the last month (for 1892) of the small plaice fishery,

and, indeed, it may be said that the season was practically over in

September. In November and December no boxes containing only

small fish were observed in the market.

About October a migration of fine plaice to the grounds lying off

the " Holman " (Hantsholm) lighthouse is always expected, and

occurred in 1892 as usual. In the same neighbourhood in the

summer only small fish can now be obtained, and these rather

closer inshore than the fine autumn fish ; but, as I have been

told by many old fishermen, all the grounds north of the Horn

Reef formerly yielded fine fish in the summer, without any

very small ones ; thus forming a contrast to the more southern

grounds along the east coast, where small fish seem always to have

abounded, though plenty of fine examples are said to have been also

obtainable. In fact, my information goes to the effect that the

wholesale destruction of small fish on these grounds had been going

on every summer for many years (ever since about 1830, when
British trawling vessels seem first to have taken to fishing the

Dutch grounds) before it attracted public attention. It escaped

notice for this reason,—that as long as the supply of fine fish held

out, the small ones, which were at least as numerous as they are now,

were shovelled overboard, and thus never made their appearance in

the market. The same thing is going on at the present day, only

the items of the catch which are too small for the present market

are indeed minute.

In January, 1893, twenty-one boxes, and in February forty-seven

boxes of small plaice were observed in the market, but of these a

considerable proportion were not derived from Grimsby boats. The
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fish had been culled out from large consignments of plaice sent by-

rail from Lowestoftj but I could not discover what were the propor-

tions of large and small in the whole consignment, nor was it possible

to trace their origin any further than the port at which they were

landed. The trawlers from Yarmouth, Lowestoft, Barking, &c,,

usually fish to the westward of the Terschelling ground during the

winter, but I have no knowledge as to the quality of the fish caught

there. Early in March a Grimsby steam trawler visited the Dutch
and German coasts, but brought in no small plaice. About the

middle of the same month two vessels visited the same or adjacent

grounds and landed moderate catches of plaice, mostly answering to

the market description of " half-fish," i. e. short of the biological

standard of maturity, but too large to be classified in this connection

as small. Thus it would appear that the " body " of small fish is

not yet on the eastern trawling-grounds, but, if last yearns experi-

ence be repeated, they may be expected to make their appearance

there early in April.

Whilst enumerating the quantities of small plaice landed during

the different months of the year it may be as well to give the

quantities of larger fish landed at the same time. This cannot be

done with absolute accuracy, as the only possible way of recovering

the total quantity is by accepting the returns furnished by the Board
of Trade statisticians. I found it impossible last year to take account

of all fish, even of any one important species, landed at the pontoon
;

and the method adopted by the statistician, who bases his estimate

mainly on information furnished by the railway company as to the

amount despatched on their line, depends for its accuracy on the

correctness of the deductions made for weight of packing mate-
rial, additions for difference in condition of fish, home consumption,

&c.

Now the fish arrives at the pontoon either whole (" live ") or with

the viscera removed. It may leave Grimsby in almost any condition.

It may be sent off in statu quo, or may be cleaned, beheaded, boned

;

only a small part of it may be worth transmission. It may be wet
or dried, pickled or smoked ; it may come in as a codling, and go out

as a " Finnon " haddock !—be caught as the head of Anarrhiclias and
tail of Lophius, and go out as the masseter muscles of Eaia ! The
last instance, however, would not affect the correctness of the return,

as these three kinds are not thought by the Board of Trade authori-

ties to be worthy of discrimination, bvit go, in companywith lemon soles,

witches, conger-eels, dabs, &c., to swell the column for '' All other

except shellfish."

It will be admitted that the circumstances noticed above furnish

rich opportunities of error, and in my opinion the statisticians deserve
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the greatest credit for the large degree of accuracy whicli I believe

to exist in tlieir returns.

These returns deal with values and weights only^ but the latter

can easily be converted into boxes, the term of which I have hitherto

made use in these reports. Nine stone may be taken as the average

weight of fish in a box packed in the ordinary manner for sale in

the market, that is with the fish piled to some height above the top

of the box. A box which is only filled up to the top is spoken of

as a '' level." No other measures are now in use in the Grimsby

market, turbot, brill, and halibut, and large round-fish being sold

either separately, or in the rows in which they are laid out when

first landed. Inferior fish, such as gurnards, are generally sold in

heaps.

The subjoined table gives the figures arrived at by accepting the

Board of Trade totals expressed in the first column. They are

intended here to comprise only North Sea fish.

1892.

Month.
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In fact, it is my experience tliat, taking one box witli another, at

least a third of the fish contained in the boxes enumerated in column

4 fail to reach the proposed biological standard of maturity, and,

indeed, we should still be in no danger of exaggeration if we were

to assume that that proportion is actually sexually immature. I am
here speaking of a proportion of numbers, which is a very different

matter from one of weight or bulk, such as is given in the case of

boxes of " small " in column 5.

We might certainly arrive approximately at the proportional

number of small fish derived from all sources by converting boxes

into numbers contained therein, but I have to confess that my
confidence in the accuracy of column 1 is not such as to tempt me
to elaborate further on that basis. Certain items of work, which

during last season engrossed a great deal of time, having now been

dealt with, it is my intention during the forthcoming small-fish

season to take steps for obtaining statistical information which shall

not be dependent for its accuracy on the correctness of any estimate

whatsoever.

Turhot.—So long as boats continued to work the eastern grounds

for small plaice last year, they continued to bring in with them a

large proportion of immature turbot, not essentially differing from

that noticed for the earlier months in the last number of the Journal

(p. 383). As soon as the eastern grounds were abandoned imma-
ture turbot ceased to be a conspicuous feature in the market. It is

not, however, clear that the small turbot leave the eastern grounds

at the same time as the plaice, or, if they do so, it would appear

that they may return earlier. Thus a smack returned on the 3rd

March, 1893, from the Dutch and German grounds, bringing fifty-

five turbot, of which thirty-five were immature, but no plaice. On
the other hand, another smack, also from " across," brought in a

good lot of small plaice, but no considerable number of small turbot.

It may be not uninteresting to compare the price of turbot now
with that which could be obtained some twenty-five years ago.

From an account belonging to my friend Mr. G. L, Alward I find

that in April, 1867, two boxes of turbot were sold in Billingsgate Market
for £2. On one day in March of the present year the price in

Grimsby Market rose as high as 2s. per lb. We may reckon about

9 st. of fish to a box, which at 25. per lb. would make the price

£25 4s, for the two boxes. The comparison is not altogether a fair

one, as Mr. Alward tells me that prices were extraordinarily low on

the occasion mentioned even for that period ;'^ whereas 2s. per lb. is

the highest price, at first hand, of which I have heard even in Lent in

recent years. To what extent the difference is explicable by decrease

* Nevertheless large turbot were often sold for only 1*. each.
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of fisli and increase of demand respectively it is hard to say^ but

surely the former factor is not the least significant in the case.

Soles.—Immature soles have not been a conspicuous feature

amongst the catch of large trawling vessels belonging to this port at

any time since I have been at Grimsby, but on the 21st February of

the present year a consignment of soles from Lowestoft included

about 200 pairs, measuring from 6f to 7f inches. On the following

day a similar consignment was also received in the market. I have

no actual knowledge as to where or how these fish were caught, but

am informed that they were most probably taken by Lowestoft boats

off the Hook of Holland, which appears to be the earliest ground for

soles on that coast, or near the English coast.

Cod,—Local custom divides the individuals of this species into

four sizes. Up to about 20 inches they are " codling," thereafter

they rank as " sprags," until at about 30 inches the dignity of

" half-cod " is attained. Larger fish are spoken of simply as cod.

A sprag is therefore on the borderland of sexual maturity, a condition

of which all codling fall short.

My own experience on the North Sea grounds, and the records of

a great number of hauls kept for me by my friends amongst the

trawling fraternity, point to the fact that rather more immature than

mature fish are caught by trawling, but that the number during

most months of the year and on most grounds is not such as to call

for special attention. On occasions, when a shoal of herring or some

less patent cause has attracted large cod to a particular ground, good

takes are often made ; but, as a general rule, the species appears to be,

in point of numbers, rather an insignificant product of the fishery.

Nevertheless, having regard to the high price commanded by fish of

fair size, and their relative and, as is asserted, increasing scarcity,

it is obvious that the destruction of young and comparatively worth-

less examples is a matter to be exceedingly regretted, though it may
not be easy to suggest a remedy. The most notable instance of their

destruction which has come under my own observation occurred on

the Great Fisher Bank in July. A great part of this important

ground is covered by a very dense growth of Flustra foliacea (locally

termed ''scented" or ''lemon weed"), and the net often brought up

a cart-load or more of it. Very few large or even fair-sized codling

were taken, but whenever the net came near the surface any number

of minute examples, 2 to 4 inches long, would float out from among
the Flustra, dead or dying, marking the wake of the ship with the

gleam of their silvery abdomens. Others would be found when the

net was got in, and though it was of course a difficult matter to

count them, I should say that some hundreds must have perished

with each haul on the " weed "-covered part of the ground. It is
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evident that a number of vessels working in tliis locality must effect

a serious injury to the species, the smallest members of which appear

to suffer sufficient persecution from a natural enemy, the long rough

dab.

Observations of fish brought to market up to the end of the

autumn of 1892 supported the conclusion derived from consideration

of records kept at sea, viz. that no very considerable number of

codling (apart from the very small examples which suffered in the

way I have just indicated) were destroyed. A boat would bring in

one or two boxes, or there would be a certain number of codling

mixed up with the haddock, but I never noticed any large quantity.

In the winter, however, there was a marked change, and codling

began to be quite a conspicuous feature in the market. A number
of experienced men have drawn my attention to this as something

quite unprecedented, though I understand it is not unusual for fish

of this sort to be rather more abundant in winter than at other times

of the year.

The number of boxes landed, from the time at which they first

became noticeable, is as follows :

f November (last week only) .... 180 boxes.
^^^^

I December . . . . . . 825 „

(January ...... 1605 „

February . . . . . . 1763 „

March 1st to 20th . . . . . 896 „

Total .... 4469 „

There are about 100 fish in a box, so that the above figures re-

present over 400,000 fish. They are from 12 to 20 inches in length,

but an odd fish amongst several boxes may reach a length of 25

inches or a little more. Thus all but an utterly insignificant pro-

portion are sexually immature. A box fetches about 5s. 6d., more

or less, according to the state of the market, and is therefore worth

not very much more than one full-grown fish in good condition.

By far the greater number of these fish were caught by a firm of

steam trawlers, which, from their habit of making short trips and

never going very far off port, are locally termed " inshore " boats,

though it must not be imagined that the grounds they fish are

within the three-mile limit or anywhere near it. Such vessels are

also known as " Cleethorpers,^' the name conveying, as I gather, a

delicate insinuation on the part of more adventurous spirits that they

never get beyond the mouth of the Humber. Fish of all sorts

having become very scarce during the winter, it appears that these

vessels, finding a fair supply of codling at and near a ground known
as the " Yorkshire Hole," continued to fish there regularly in default
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of prospects of more legitimate success elsewhere. Tlie pecuniary

results seem to have been sufficient to attract other vessels, steam

and sailing, to the same grounds, which thus furnished by far the

greater part of the codling landed up to the last week of February.

The greatest number landed by any vessel in a single trip was 122

boxes. A " voyage " of 23 boxes from the Great Fisher Bank at the

end of January, one of 48 from " Botney Gut," and two of 78 and

104 from the '^N. N. E. Hole" in February, assisted to swell the

total, but the two last grounds are not far from the Yorkshire Hole.

Of course the contributions from all other grounds, however in-

significant individually, form collectively a sensible quantity.

Towards the end of February the chief agents in this matter shifted

to the (Flamborougli) '' Head ground," attracted by good catches of

plaice which were being made there, A diminution in the number
landed has therefore been noticed, though at first codling were rather

abundant on that ground also, one vessel bringing in a " voyage " of

40 boxes. They have since become less abundant, 13 boxes being

the average catch of six steam trawlers at the end of the period

with which my records deal. There is also, I think, a steady

diminution on other grounds, though a good number still continue to

be brought in. The fish appear to be scattering, though the decrease

may be due in part to an involuntary migration to Grimsby. At
any rate, there can be no doubt that the injury inflicted this winter

on the cod fishery in general is out of all proportion to the profit

derived.

Haddock.—North Sea haddock are divided by Grimsby fishermen

into large and small, the limit between the two lying at about twelve

inches. They are always cleaned at sea, and the larger fish become

either " kits," i. e. suitable for packing in tubs of the same name, or

" gibbers," according to the method in which the offal is removed.

In " gibbing " the viscera are withdrawn thi'ough an incision along

the abdomen, which does not extend as far forward as the isthmus,

and therefore spoils the external appearance less than the ordinary

process to which " kit " and small fish are subjected. Whilst the

larger fish are mostly cured, the ultimate destiny of the small is the

fried-fish shop. Consequently, whilst boxes of the former may
contain a considerable admixture of sizes, the latter are always

packed separately. On this account I have found it convenient to

adopt the local standard of size in recording the quantity of under-

sized fish landed. Of course a certain number of immature fish,

mixed up with others in boxes of ^^kit," are excluded, but I do not

see that it is possible to recover the exact or even approximate

numbers. It must therefore be remembered that while all the fish

included in the figures given below are short of the provisional
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biological standard, in point of fact less than 13 inches in length,

the figures are not intended to be inclusive of all sexually immature

fish.

Being occupied with other matters, I made no attempt to record

the quantity landed during the earlier part of 1 892, but noticed that

the quantity decreased towards the summer and began to increase

again in the autumn. My statistical inquiries were commenced

towards the end of September.

The figures are as follows :
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than the cod, though our information as to its earlier life-history

remains singularly meagre. Speaking generally, we may say that

the shoals containing large fish—in fact, the only shoals of which

we have definite knowledge—contain also fish of all sizes that are

marketable, and some which are usually considered too small to be

included in this definition ; but the very small fish live apart. The

explanation seems to be that young fish do not join the shoals until

they have attained such a size as enables them to prey on similar

organisms, and to keep up with the frequent and very rapid migra-

tions of their larger brethren. Such size or condition appears to be

reached at about 8 to 10 inches. Now, if the young haddock attains

a length of about 6 to 9 inches in the first year of its life, it is evi-

dent that, as this fish is an early spawner, there will be a consider-

able accession of young fish to the shoals in the winter months. The

period during which such increase would be noticeable might be

expected to be somewhat more extended than that during which the

species spawns, since it must be some time before these recruits

attain a size which places them outside the category of " small
"

haddock. It remains to be seen whether a continuation of statis-

tical inquiries will confirm the general impression, and my own, that

small fish are more plentiful in the winter and early spring than at

other times of the year ; but if such prove to be the case, the above

speculations as to the cause may be not devoid of interest.

Shrimp-traw ling .

It will be remembered that in my last report I alluded to a bye-

law of the North-eastern Sea Fisheries District Committee which

prohibited the use of shrimp-trawls in the Humber, and in certain

other inshore waters with which I have no acquaintance, between

the beginning of April and the end of September, and altogether

prohibited the use of fish-trawls in the same waters. I also found

it necessary, owing to the very general disregard of such part of the

regulation as referred to fish-trawls, and the difficulty of discrimi-

nating in the market between Humber fish taken by the different

kinds of trawl, to include all such fish in one category.

Since the report was published I have had an opportunity of

obtaining a more intimate acquaintance with the conditions of the

industry. Complaints were numerous on the part of those depend-

ent, wholly or in part, on the Humber fisheries, that the season

closed by the bye-law was too long, and a petition was presented to

the Committee, praying that shrimp-trawling might be allowed from

the beginning of March to the end of October ; in other Avords, that

the open season might be extended by a month at each end.
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With a view to satisfy themselves as to the wisdom of granting

such concession, the Committee asked me to carry out a series of in-

vestigations on the subject, for which purpose Mr. J, W. Woodall, a

member of the Committee, and one whose interest in the welfare of

our fisheries as well as in marine biology for its own sake is too

widely known to need more than a passing reference here, offered

the use of his steam yacht, the " Vallota," R.Y.Y.C., for a month.

The Council of this Association accorded the necessary permission,

and I propose here to give a brief account of the work done and the

conclusions arrived at.

The " Vallota '' draws only 4 feet of water, and is therefore

eminently suited for work in a shallow estuary, such as the Humber.
The gear we used consisted of a professional shrimp- or prawn-
trawl, beam 13 feet, mesh |- inch '^from knot to knot,^' or -J-^ inch

square, in cod end. No pockets. Hemp ground-rope 9| inches in

circumference. False bellies of leather, cork, and coarse netting.

We also carried a small fish-trawl of ordinary pattern, 11 \ feet

beam, and a naturalist's trawl, 9 feet beam, of sprat-mesh lined with

mosquito net, and fitted with a heavily chained ground-rope.

The services of a professional shrimp- and prawn-trawler were
secured to pilot the yacht, point out the different grounds, and work
the gear.

The chief object of the investigations was to arrive at a know-
ledge of the amount of destruction of young fish of valuable kinds

which would be likely to ensue from the regular working of the

grounds by shrimp- and prawn-trawlers during the season then
closed by the Committee's bye-law, or during such part of it as was
included in the time when the investigations were carried on, viz.

from October 19th to November 17th. For this purpose a number
of hauls were made on all the grounds with the professional gear,

and the results accurately recorded, the modus operandi being as

far as possible assimilated to that of the small sailing-boats engaged
in the industry. The fish-trawl was used on the grounds affected by
sole-trawlers, so as to ascertain the quantity and sizes of fish present
during the current season, and also in various parts of the river not
usually accessible to sailing-boats, partly with a view to obtaining
all possible information as to the distribution of fish in the river, and
partly, in conjunction with cod ends of different mesh, to test the
relation between size and pattern of mesh and size of fish caught.
As these operations do not intimately concern the subject under
discussion, I shall not refer to them further in this place. The
naturalist's trawl was used at the same time as the fish- and shrimp-
trawls, in order to find out what fish or other organisms passed
through the meshes or beneath the ground-rope of those engines.
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Fishing-grounds.—The same boats and gear are employed for tlie

capture of botli shrimps [Crangon vulgaris) and prawns {Pandalus

annulicornis) , but as the latter are the more valuable, they receive by

far the greatest share of attention.

Subjoined is a list of the grounds, with local names, and soundings

at low water.

Prawn Grounds.

" Inside the Middle Sand "
.

" Outside the Trinity Sand "
.

(Glee) " Ness Channel "

" Back of the (Clee) Ness ''
.

'^Tetney'' ....

23 to 50 feet.

30 to 70 ,,

13 to 40 „

15 to 30 „

24 to 30 „

Shrimp Grounds.

" Paull Middle " (Sand) . . . 8 to 16 feet.

" Sand Haile " 8 to 16 „

Shrimps are represented to some extent on all the grounds, but

very few large prawns are present on the shrimp grounds.

Owing to the prevalence of wrecks and other obstructions, such as

clay banks and accumulations of " ross " (Sabellaria), the grounds are

very sharply defined, so that a sailing boat is absolutely dependent

on favorable conditions of weather to allow her to work at all.

Except at slack water, it is only possible for her to trawl with the

tide, and it will be readily understood that it is not every day that

the wind allows a sailing boat to keep her course drifting along a

very narrow strip of ground. In the " Vallota,^' owing to her large

size and comparatively high freeboard, it was difficult to go slow

enough when wind and tide happened to be in the same direction.

As a rule, however, we were fortunate in being able to work at the

required speed, and, when the wind was abeam, an occasional use of

the engines enabled us to keep our course in a manner impossible to

a sailing vessel, while at slack water we could, of course, choose our

own direction.

Method of working gear.—To avoid damage to the net professional

shrimp-trawlers attach one buoy by a long line to the cod end, and

another to the end of the warp, which is made fast to the boat by a

stop of small cord. Thus, if any obstruction is met with, the stop

will break before much damage is done to the net, which can after-

wards be lifted by whichever end is most convenient.

Capture of fish.—In dealing with the results it will be necessary

to consider the shrimping and prawning grounds separately, since,

as might be expected from the difference in soundings, they differ
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considerably from each otlier in relation to the capture of small fish.

Further, the different prawning grounds are not all alike in this

respect.

The fish of any known value which we met with consisted of sole

{8olea vulgaris), plaice, common dab, lemon sole, flounder, cod, whiting,

whiting-pout, sprats, thornback, and spotted ray {Rata maculata).

Besides these we took a number of unmarketable kinds, viz. '' hard-

heads ^' {Cottus scorpius), "bull-routs" {Agonus cataphractus)

,

'^gobblers" {Liparis Montagiii), gunnels {Gentronotus gunnellus),

viviparous blennies [Zoarces viviparus) ,
" eel-pouts " {Motella mus-

lela), " Williams " or " sweet fish " {Gohius minutns), a few Raninus

raniceps, and one long rough dab : the vernacular names in inverted

commas are those in local use ; some species have no local designation.

I have never come across a solenette {8olea lutea) in the Humber,

and am pretty certain that the species does not exist there. Hence

the confusion which is so abundantly evident in the mind of the

fisherman and amateur fishery expert wherever solenettes and young

common soles are found together does not exist in this locality.

" Trinity " ground,—As this is the most important ground, espe-

cially at the season during which our operations were carried on, we

devoted especial attention to it. In eleven hauls with the pro-

fessional gear we always obtained a fair catch of prawns, consider-

ing the lateness of the season.

Only nine soles were taken, four hauls being blank so far as this

species was concerned. The largest number taken in any one haul

was two. The fish measured as follows : two less than 2 inches, two

small, exact size not recorded, two at 5| inches, one at 9^ inches,

and one at 13| inches.

Early in October I had made the discovery that young lemon soles

occur in the Humber in autumn, all previous information having

induced a general belief amongst those interested in the matter that

the early life of this form was passed in comparatively deep water,

and consequently at some distance from land on most coasts. Only

a few were taken on the occasion referred to, and it was therefore

with the greatest interest that we found fresh specimens yielded by

almost every haul on the ground now under consideration. The

number was in no case large, sixteen being the most in one haul.

Another yielded eleven, but no other more than seven. The smallest

fish measured 2 inches in total length, and the usual size was from

2 1 to 3^ inches ; a few were taken at sizes ranging from that last

mentioned up to 8| inches, and there was one specimen of 11 inches.

Plaice were very scarce ; in the eleven hauls we only got eight

fish, viz. five in one haul, one each in other three, and none in the

remainder. Six of these fish measured from 5| to 9-|- inches, and
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the others 14^ and 17^^ inches respectively. I may add that this

last is the only instance of the capture of a fair-sized plaice in the

Humber that has come under my notice.

Common dabs were more numerous. They occurred in October

in the first eight hauls, but were absent from the remaining three,

which were made in November, but I do not know that we are

justified in attaching much importance to this circumstance. The

largest number taken in a haul was twenty, no other haul yielding-

more than seven. With the exception of one translucent metamor-

phosing example of ^ an inch, the smallest size taken was 1-|- inches,

the largest being 10|^ inches. Taking 7 inches as a convenient

limit for dividing large and small of this species, about two thirds of

the fish caught must be included in the last category.

Small cod and whiting were always taken. The average of eight

hauls (the exact number taken in the remainder was not recorded)

was 79 of the former and 78 of the latter, but the two kinds did not

occur with equal regularity. Thus the extreme numbers taken in

single hauls were for cod, 15 and 179; and for whiting, 36 and

156. All sizes of cod from 2^ to 7 inches were present, but the

majority were under 5 inches. A solitary example measured 21

inches. Whiting were from 3 to 7| inches, but mostly less than 6

inches.

Except a small ray, and an inconsiderable number of sprats, no

other fish of known value occurred on this ground.

All the kinds of unmarketable fish which I have mentioned above

were represented, but Liparis predominated. SmpJl Cotti and half-

grown Agoni and Gobies were also abundant.

Besides the prawns, which exhibited a very deep red colour when-

ever we dropped into the 9-fathom hole near the lower end of the

ground, a few shrimps were always taken. Other Invertebrates

included a few sun-stars {S. papposa) and common star-fish, a few

shore-crabs and common hermits, a good many swimmer-crabs

(P. holsatiis), masses of '^ ross ^^ [Sabellaria alveolata), and a few

whelks. A good many mussels would occur when we kept rather

too close to the Trinity Sand. A little Delesseria was the only

algoid noticed.

It appears from the above that, save for a sprinkling of lemon

soles and an occasional irruption of common dabs, this ground is very

little affected by flat-fish, small or large, at the time when our

investigations were made. On the other hand, it is evident that

young cod and whiting must be extensively trawled by prawners at

that season, should the conditions of their distribution be alike in all

years.
'' Mic^dle Sand " ground.—This is an important ground earlier in
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the season, but, at the time we visited it, yielded very few prawns.

Only three hauls were made there.

With the exception of lemon soles, which were not represented, the

supply of flat-fish was much the same as on the last ground. Soles

were only taken in one haul, viz, three from 2| to 6g inches. Plaice

occurred also in only one haul, viz. four at from 2j to 4j inches.

Common dabs were absent from one haul ; in another twenty-seven

were taken, the sizes ranging from 1| to 8| inches, but all but four

were less than 7 inches. The number taken in the remaining haul is

not recorded ; it was not considerable.

Small cod and whiting were about as numerous as on the last

ground. Of unmarketable fish, Liparis were less numerous, as might

be expected from the comparative scarcity of their prey, the prawns.

Other conditions were much the same as on the Trinity ground.
" Ness Channel " ground.—This ground seems to rank next to the

two foregoing in importance, but yielded only very moderate catches

of prawns when worked by the " Vallota." Five hauls were made,

but of these one resulted in a foul net, and in two others we came
fast. The ground is very intricate, and can only be worked in

security in clear weather, as the marks are not easily seen if it is at all

hazy.

Flat-fish were poorly represented. No very small soles were taken,

the only two captured measuring 9^ and 10 inches respectively.

Plaice were not more numerous than on the Trinity ground, and

ranged in size from 5 to 9| inches. Dabs were scarcer than on any

other ground, only five from 2 to 7^ inches being taken. Lemon soles

occurred in three hauls, five being the largest number taken, the sizes

ranging from 2\ to 7|- inches.

Round-fish, viz. young cod and whiting, were numerous in two
hauls, but very scarce on the occasions when the net came fast.

Probably some escaped, though little else seemed to have been lost.

Of unmarketable fish Cottus, Agonus, and Liparis were the most
abundant. A few edible crabs and a good many shrimps were taken.

" Bach of the Ness " ground.—This is worked by professional

trawlers either in one haul or two. We tried it in both ways, making
in all six hauls with the professional gear. A moderate catch of

prawns was always obtained, and shrimps were more plentiful than

on the grounds that have already been discussed. It appeared that

most prawns were yielded by the upper half, the converse holding

good with regard to shrimps.

There were very few soles on any part of the ground, four being

the largest number taken in any haul. The sizes were from 2| to

8| inches. Lemon soles were present in only three hauls, one of

which, however, yielded 12 fish, of the usual size. I could not
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find that they specially affected any particular part of the ground.

Plaice and dabs, on the contrary, appeared to be much more abundant

on the lower half. Of the former, 35 was the largest number taken in

a haul on the whole ground ; on the upper half 5, and on the lower

half 27 were taken in two consecutive hauls. The same hauls

yielded 6 and 38 dabs respectively, whilst 80 were taken in one haul

over the whole ground. The sizes of the plaice were from 1^ to lOf

inches, most being less than 6 inches, whilst the dabs measured

from 1 to 8^ inches, the great majority being less than 7 inches.

Small cod and whiting were as plentiful as on other grounds, but

the bulk of them appeared to be derived from the lower half. Two
whiting-pout, 8 inches in length, were taken on this ground.

Unmarketable fish, including Cottus, Agonus, Liparis, Centronotus,

and Gobius, occurred in variable numbers, but it was not noted that

they were more plentiful on one part of the ground than another.

A good many sun-stars, hermits, shore and swimmer crabs were

taken. Sabellaria was very abundant towards the upper end of the

ground. Hydroids were represented by Thuiaria thuia, Antennu-

laria ramosa, Halecium sp., &c.

" Tetney " ground.—During the period of our investigations this

ground was very effectively closed to trawling by the prevalence of

whelkers' gear, the buoys on which are so arranged as to watch only

at certain states of tide. Consequently we were unable to use the

professional shrimp-trawl there. Early in October, however, Mr.

Woodall having kindly lent his yacht for some work in connection

with this Society's mesh investigations, several hauls were made on

the prawn ground with the naturalist's trawl used to check the

results obtained with the fish-trawls.

The take of prawns varied, but was never very large ; but of course

it is not possible to judge from such a net the results likely to be

yielded by one specially designed for the capture of this species.

Small soles were rather abundant, as many as eleven being taken

in one haul, though usually the number was less. A few large fish

were also present on the ground, but were caught only in the fish-

trawl. Very few lemon soles were taken, this form apparently pre-

ferring the deeper part of the river, or it may be that the immigra-

tion was only just commencing. There were a great many small

dabs, over 300 being taken in an hour's haul on one occasion.

Twenty-eight small plaice were caught at the same time, but once,

when we went rather too close inshore to catch many prawns, we
took over 200 small plaice. Grenerally there were a few small flounders,

and once we got a "chicken" turbot, 13 inches in length. Small

whiting were as numerous as on the other grounds later in the season,

but cod were comparatively scarce, as, indeed, at the end of
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September and beginning of October, tliey proved to be in all parts

of tlie river wliich we visited.

We sometimes took enormous numbers of half-grown Agonus and

Centronotus, while Cottus, Liparis, and Gobius were always fairly

plentiful. Gallionymus Ujra (" dragon "), a species not observed on

other grounds, occurred pretty often, Trachinus vipera less frequently.

The ground includes the site of the old Tetney native oyster bed,

but whilst we always got a lot of shells we only once obtained

a living native, probably well-nigh the last survivor of its race.

Edible crabs were caught now and then, and there was always a large

assortment of shore, hermit, and swimmer crabs, and sometimes a few

Hyas aranetis. Solaster papposa was rather abundant.
" Paull Middle " ground.—Of the shrimping grounds this appears

to be the most important, as the Paull boats often take a haul over

it whilst dropping down with the ebb to the lower reaches of the

river. The " Vallota " was only able to make two hauls there. The

most productive yielded a quart of shrimps, the rest of the catch con-

sisting of 35 plaice at 1| to 11 inches, 18 dabs at 3 to 8 inches, 250

small whiting, 8 small cod, and a few flounders, besides a few fish of

less importance.
'' Sand Haile " ground.—Here we made one haul of an hour's

duration, and caught a quart of shrimps and a pint of prawns, some

unmarketable fish, and the following :

One sole at 13 inches, and 12 at 3^ to 8| inches ; 1 lemon sole at

6 inches ; 554 dabs at 1 ^ to 4 inches, and 17 at 4j to 1\ inches ; 6

plaice at 2 to 2^ inches, 4 at 5 inches, and 59 at 7 to 13 inches

;

115 small cod ; 410 small whiting.

Summary of capture of fish.—It will be seen from the detailed

statements given above that very few flat-fish are liable to be caught

at the season under discussion on the " Trinity,'' '' Middle Sand,"

and " Ness Channel " prawning grounds ; that the upper part of the

" Back of the Ness " ground is also comparatively free from flat-fish,

but that some quantity may occur on the lower half. It also appears

that the most abundant species is the comparatively worthless common
dab.

•The " Tetney " prawning ground, however, yielded a good many
flat-fish, though here again dabs were the chief sufferers ; but it

must be remembered that this ground was worked with a. trawl

furnished with a narrow chained ground-rope, specially designed to

pick up very small flat-fish, and, so far as I could judge, rather more
efficacious for this purpose than the thick hemp rope of the profes-

sional shrimp-trawl.

It is, however, evident that great numbers of small cod and

whiting are liable to be caught on all the prawning grounds.
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Turning to the shrimping grounds, we find a moderate quantity of

small flat-fish on Paull Middle, less than on Tetney, but considerably

more than on the other prawn grounds ; whilst of round-fish, cod are

but poorly represented. On the Sand Haile we find a great quantity

of flat-fish, very much reduced if we eliminate the dabs.

Destruction of fish.—Having thus dealt with the capture of fish on

different grounds, it behoves us next to consider how many of them
are thereby destroyed.

In the ordinary course of the industry, when the trawl comes on

board the catch is shot into a box, or on to the deck, and as many
as possible of the unsaleable products are picked out by hand and

pitched overboard. In this way the Cottus, Liparis, Agonus, crabs,

&c., are at once returned to the water, and being all hardy forms,

are none the worse. I question very much whether it would not be

wiser to destroy the Cottus and Liparis, as their appetite for prawns
is inordinate, and they do not appear to subserve any function use-

ful to the fisherman. Swimmer crabs, also, I am inclined to regard

as deserving scant consideration. By the same process the whiting

and cod, having no value at such a small size, are returned to the

sea—to be out of the way, if for no more provident intent. Such
flat-fish as are saleable are put aside, the remainder being thrown

overboard, at least such as are large enough to attract attention.

The catch of prawns or shrimps, having thus been roughly cleared,

is placed on the sieve and riddled over the side of the boat. In this

way the smaller prawns and shrimps find their way back to the sea

uninjured, and any flat-fish which have previously escaped detection

also pass through the wires. The fisherman's object being to get

the prawns ready for cooking as soon as possible, it is evident that

no time will be lost in getting the unsaleable items of the catch out of

the way. It remains to be seen whether the small fish of valuable

kinds are in any way the worse for their temporary sojourn in the

net and on deck.

No doubt the most delicate forms are the young whiting and cod,

but I have found occasion to modify an opinion expressed in the last

number of this Journal, that the former would not survive even if

immediately returned. Both species are always full of life when they

come on board (except such as may have been nipped by a shore or

swimmer crab in the net, or gorged by a Cottus), but, if allowed to

lie on the deck for any time, very soon become sickly and die. If,

however, they are at once thrown overboard they swim away appa-

rently little the worse. With a view to ascertaining the degree of

vitality as far as possible, on several occasions the small whiting and
cod were thrown into a tub of water instead of overboard, and exa-

mined at the end of an hour. The conditions might have been more
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favorable, as the tub was small, and the water stagnant or only occa-

sionally renewed. The percentage of dead at the end of the hour

varied. On one occasion 24 cod and 34 whiting, l^eing the total

catch of these species, were placed in the tub. At the end of

an hour 21 cod and all the whiting were alive and vigorous, two

cod were sickly, and one was dead. The haul on this occasion

yielded the usual quantity of prawns, crabs, and lumps of Sabellaria,

&c., and I believe the favorable result of the experiment was simply

due to the small number of fish, the capacity of the tub being in-

sufficient for the respiration of larger numbers.

Another time the catch included 111 cod and 99 whiting, which

were placed in the tub. At the end of an hour (an hour and a half

before all were counted) the number of living was 99 cod and 63

whiting. There was some delay in getting the fish into the tub, in

which, moreover, they were very much crowded. I do not think

that, when fish are returned to the river in the ordinary way, the

mortality is ever greater than in this last experiment, and probably

it is much less. Other experiments support the conclusion that

the cod are more hardy than the whiting, and it was noticed that

fish of both species, which appeared moribund when first placed

in the water, gradually recovered and ultimately seemed none the

worse.

Of course the survival of a fish for an hour cannot be said to

prove its absolute recovery, and I had no further means of testing it.

The two miles' jolting in a cart involved in conveying fish from the

dock to the Cleethorpes tanks proved very fatal to the young cod

and whiting, and few of the latter survived it for any length of time.

They seemed to suffer much more than the cod from any injury to

the skin, such as must necessarily occur from the rostra of the

prawns in the net, as well as from handling. Nevertheless, my own
opinion, based on the facts which I have recapitulated, is that a large

proportion of these returned at once to their natural surroundings

escape any serious injury.

Soles and lemon soles, of whatever size, are seldom injured by
capture in the shrimp-trawl. Lemon soles are especially hardy. A
large number of those which were caught by the '' Vallota '' were
placed in the Cleethorpes tanks. There was slight mortality

amongst them for the first few days, probably more due to the

journey than to any other cause, but the bulk of them, five months
later, are still alive and apparently in excellent health. Soles which
had been chafed, either in the net or in handling, ultimately died

in the tanks, as at Plymouth [teste Mr. J. T. Cunningham, The
Common Sole) ; but I do not think it follows that they die if returned

to the sea, as soles which have evidently recovered from rather serious
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injuries are sometimes trawled. Moreover the very small mesh of

the shrimp-net appears to lessen the percentage of chafed fish, since

it is in struggling to get through larger meshes that injuries to this

species usually occur.

Plaice of all sizes suffer no injury from being caught in the

shrimp-trawl, and may even be allowed to lie on the deck a consider-

able time without being any the worse. There has been very little

mortality amongst a great many of all sizes which were placed in the

Cleethorpes aquarium, whereas I have always experienced a difficulty

in getting similar specimens, taken in the shove-net, to live. This

may be due to the amount of mud and sand in svispension in the

only water available for conveying shove-net specimens to the

aquarium, or it may be that the buoy of the shrimp-trawl is bene-

ficial in slightly lifting the cod end off the ground.

Flounders are about as hardy as plaice under similar circum-

stances.

Dabs, unlike plaice, will not survive a long exposure on deck, the

very small specimens being particularly delicate. The mortality

amongst those sent to Cleethorpes was at first considerable, though

a good many survived. Still, if they are returned to the sea at

once, they dart away apparently uninjured. This species appears

even more susceptible to injuries arising from chafing than the sole.

Conclusions.—It appears to me that the facts I have set forth

show that capture in a shrimp-trawl in the ordinary course of the

industry is not essentially injurious to any considerable proportion of

young fish of marketable species. If shrimp-trawlers bring to

market some small plaice and soles which ought really to be

returned to the sea, it is not easy to blame them as long as the

same practice, as far as plaice are concerned, is carried on with

perfect impunity on an infinitely larger scale by the larger boats

which visit the eastern grounds. The remedy for this evil lies so

evidently in the imposition of a size-limit applicable to all North

Sea fisheries alike that the subject needs no discussion here. More-

over it is apparent that the bulk of the small flat-fish, which, for

reasons explained at the time, I found it necessary to class as

caught by shrimp-trawling, were in reality derived from the illegal

use of fish-trawls.

I have made it, I hope, sufficiently evident that, except off

Tetney, flat-fish are so exceedingly scarce on the prawning grounds

that there is not even the risk of them being injured thereon.

I am not prepared to say that, in the case of so large a catch of

small fish as has been enumerated from the Sand Haile shrimp-

ground, some considerable number of small dabs and, to a less

extent, plaice, might not have suffered^ since to sort them out would
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take a good time ; but as a matter of fact the take on this occasion

was so worthless that the fishermen^ after picking out the few sale-

able fish, would, no doubt, have shot the remainder straight over-

board. Indeed, both shrimping grounds might be said to be

effectually closed, at the time we visited them, by their very

unproductiveness.

It must be remembered, also, that whenever any number of

small flat-fish occurred, the majority of them were always common
dabs, and I would call attention to the opinion expressed by Fulton

(Eep. S, F, B., 1890) that it is questionable whether any benefit

is to be derived from protecting the young of this species, since it is

never of great value, and is a most severe competitor with fish

of greater value, e. g. soles and plaice, in the matter of food.

In any case it appeared to me that by confining the operation of

the closure to the shrimp grounds and the Tetney prawn ground,

enough would be done at that season of the year to practically

eliminate the risk of destruction of immature flat-fish, whilst the

legitimate conduct of the industry would be hardly at all affected

thereby.

My recommendations to the Fisheries Committee, in reporting the

results of the operations under their auspices, were accordingly made
on the above lines, though it was expressly stated that they could

only claim to hold good for the period during which the investiga-

tions were made. The Committee subsequently repealed their former

bye-law, and substituted one which granted the extension of the open

season prayed for in the petition to which I have alluded. The use

of the shrimp-trawl is therefore now lawful in the waters with which

the bye-law deals from the 1 st March to the end of October. Though
it has not appeared, from the results obtained during last March

(1893), that either prawns or shrimps are to be had in suflficient

numbers to make their pursuit profitable so early in the season, I

have little doubt that the measure will be found on the whole satis-

factory, once the enforcement of the existing prohibition against fish

trawling shall have removed the imputation which the conduct of a

few individuals now allows to rest on the whole fraternity.

For my own part, I have always advocated legislation which deals

Avith the size of fish landed, so far as flat-fish are concerned, rather

than with the kind of trawl in which they are caught. Since I am
satisfied, from the whole of my experience of the Humber fisheries,

that the absolute lack of mature fish in the river would preclude the

existence of a legitimate plaice fishery, whilst flounders and dabs

are neither sufficiently numerous nor valuable to attract pursuit by
themselves, the imposition of a size limit would in effect limit the

use of fish-trawls to a short period in the summer when there are some
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mature soles in the riverj if it did not abolish, it altogether. This may
seem, as it were, an academic discussion, since it is allowed that the

same or nearly the same end is attained by either means ; but the

method I favour would be an effectual safeguard against the abuse

of shrimp-trawls for catching small plaice on grounds where neither

prawns nor shrimps are to be had. 1 have found such a practice to

be quite feasible, and have no doubt it might be occasionally re-

munerative, but I must confess that I have no knowledge that the

possessors of shrimp-trawls ever divert them from their legitimate prey.

Migrations and sjpawnings of shrimps and praw7is.—Shrimps and

prawns seem to arrive at about the same time, viz. the beginning of

April, on those grounds in the Humber which they respectively

frequent, but the time of arrival, as of departure, is said to vary

according to the weather. My own experience is too short to enable

me to offer any comments on this point.

The shrimp season for shove-nets usually closes about November,

though in very open winters it is said to last longer. The quantity

present on the sandy margin, so far as this can be gauged by the

takes, is at all times subject to rather sudden variation, and becomes,

I believe, especially variable after the end of September. Any
diminution in the normal turbidity of the water, more readily per-

ceived by those engaged in the industry than others, is regarded as

prejudicial to good catches. The variation of the trawling grounds

appears to be even greater than on the margin. Some few shrimps

are found in all parts of the river throughout the year, but I do not

know what becomes of the remainder in the winter. In digging for

lugworms, in February, near high water mark I have found a shrimp,

living but very torpid, some few inches below the surface of the

sand, at a time when none were obtainable in the shove-net ; but it

would be unwarrantable to conjecture from this single instance that

any considerable number take refuge in this manner during the

winter months.

I have made no effort to ascertain the chief spawning period
;

here, as elsewhere, some shrimps are found carrying ova at all

seasons.

Prawns are certainly most abundant in the Humber in summer.

It is commonly asserted that a north-westerly gale in autumn has the

effect of driving large numbers of them out of the river, and I had

the opportunity of observing last year that the number obtainable

certainly decreases after such weather. It is also said that once

their bellies turn green they begin to leave the river. The green

colour is that of the ova attached to the abdominal appendages.

We found only a few with spawn at the beginning of October, but

later in the same month and in the early part of November the
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proportion in tliat condition increased rapidly, wliilst there was a

considerable decrease in the total number as compared with that

obtainable on the same grounds earlier in the season. Our operations

were not carried on late enough to show the final disappearance of

the species, but I am given to understand that none, or hardly any,

are to be found in the Humber in December. I am told, on authority

which I have found reliable in other matters, that the prawns, on

leaving the Humber, pass to the deeper grounds along the Yorkshire

coast, and I know that the species is to be found there in the winter.

It has a very wide vertical range, extending well beyond the 100-

fathom line on our western coasts.

Recent literature.—The very interesting report of Professor

Herdman " On the Lancashire Sea Fisheries Laboratory " (Liverpool,

1893) deals with shrimp-trawling in some detail. From certain

statistics collected by Mr. Dawson it is evident that the number of

small fish captured in that district by shrimp-trawlers is infinitely

greater than anything we have to deal with here. Both shrimps and
" shanks " (the local name for our prawn, Pandalus annulicornis)

appear to be taken by trawlers, but it is not remarked whether there

is any difference, as here, in the amount of fish taken in company

with these two crustaceans. Mention is made of a prawn-net, pre-

sumably a trawl, devised by Mr. Dawson, in which a horizontal bar,

3 inches above the ground, is substituted for the ordinary ground-

rope. This is an adaptation, probably an unconscious one, of a

principle which has been employed for some years in the bottom

tow-nets used at the St. Andrews Marine Laboratory.* The object

is to catch prawns and pass over small flat-fish, and, according to

Mr. Dawson, this object is achieved. It is also claimed that such a

net picks up less debris than one of the ordinary pattern, and there-

fore fishes better on dirty ground. This is of some importance, as,

although a very thick ground-rope is used by Humber fishermen to

avoid the capture of '' ross," they often catch a good deal, especially

early in the season, before the winter's accumulations of the Sabel-

laria have been to some extent trawled flat. Still it is open to

doubt whether a rigid bar would not be an additional difficulty in

case of contact with a clay bank, and it would perhaps be better to

replace this by a taut rope. In any case I do not see how such a

contrivance would lessen the capture of young cod and whiting,

which are the only important fish caught in any numbers on our

prawn grounds.

* I understand that a similar contrivance has long been used for fishing rough grounds

at Yarmouth.
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Shore Fisheries.

Stake-netting

.

—This industry lias again proved a failure at the

Cleethorpes station. Nets were first set up there in January, but

proved so unproductive that they were soon taken down again.

Another trial in February was not more successful. At Humberstone,

however, the nets did much better. They were first erected in the

early part of January, and by the end of that month tolerable catches

were obtained, 10 stone for one day being the largest amount of

which I have a note. This was on the 28th of the month. Two
days earlier only 5^ stone were found in the nets, after they had

been fishing for nine days ; there were also, according to my estimate,

about two stone of young whiting, from 4 to 6 inches long, besides a

few codling about 2>\ inches long, and a certain number of plaice from

6 to 8 inches. As after this date the catch of sprats improved so

much that it was worth while to lift the nets every day, or sometimes

every tide, the number of young whiting became much less noticeable,

though the total number destroyed in the same number of days may
not have been any less. A few very small plaice, about 1 to 3 inches,

were always to be found. The sprats at first comprised a good many
that had hardly got beyond the whitebait stage, but towards the end

of January and in February the size as well as the numbers

increased. More nets were added to the Humberstone station, as

many as 30 being down altogether. Thirty-five stone is the largest

catch for one tide which 1 observed. The industry continued to be

remunerative up to about the middle of March.

Shove -net and " seine " shrimping.—These industries closed for

last year about the end of September, and up to the end of March
of the present year shrimps have not been found in sufficient numbers

to encourage the fishermen to make a regular start. A few small

plaice, however, and a brill of 9 inches were taken in a shrimp-seine

on the 10th March. It is worthy of remark that regulations

affecting the vise of shrimp-trawls apply equally to the shrimp-seine,

which is undoubtedly a trawl in spite of its name.

Flat-fish netting.—This is a shore fishery to which I omitted to

allude in my last report. The net resembles an ordinary ground

seine. It consists of a piece of netting, mesh about the same as in

a herring-net, about 20 yards long by a yard high, corked and

leaded. The ends are kept open by pieces of wood. The net is

worked by two men, each having a rope attached to one end of it,

who wade about 10 yards apart along the shallow water near the

margin and haul the net behind them. In the summer a considerable

number of small plaice and some soles are said to be procurable in this
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way, but the nets are not very often used. On the only occasion, in

February, when I saw one worked, the only thing in the catch worth

having was a smelt. As the nets are preferably hauled when the

tide is rising no injury is done to the fish which are not saleable.

III. Eemedial Measures.

Whatever success may attend the enforcement of a size-limit for

flat-fish, there can be no doubt that this remedy will not be efficacious

in the case of all round-fish, since (1) there is no area (such as the

eastern grounds for small plaice and turbot) exclusively, or almost

exclusively, inhabited by immature members ; and (2) round-fish are

liable to absolute destruction by the mere fact of being caught in the

big beam-trawl as at present worked.

I have shown elsewhere that the shrimp-trawl worked in short

hauls in shallow water is not in this district (and need not be, I

suppose, in any district) particularly injurious to the small round-

fish which frequent the areas where such engines are used, but the

case in the deep sea is very different.

The approach of the trawl to the surface, even in such very

moderate depths as 20 to 30 fathoms, is always marked by the

appearance of a number of haddock, which float up with distended

air-bladder through the mouth of the net or larger meshes of the

" square,^' and drift helplessly about, a prey to the sea-gulls. When
the net is boarded, a number of the smaller haddock are found

meshed by the gills and perfectly dead, and very few are particularly

lively. I have made efforts to keep those which appeared the

healthiest alive in a tub of water, frequently changed, but never

with success. I have, however, known a haddock, caught in the

deep sea, to be brought into the Cleethorpes aquarium alive, but it

died very soon. The skin is very delicate and easily inflamed, but

I think the pressure of the weight in the trawl is more fatal, since

line-caught haddock, which must get more or less handled, live well

enough in the ship's well. Liners find it necessary, unless the fish

are from very shallow water, to let the air out of the bladder if they

wish the fish to live ; and this they do, as also with cod, by a prick

with a needle above the pectoral fin, care being taken to avoid the

liver. Cod treated in this way live for months in the floating boxes

in Grimsby Docks, and I suppose haddock would as well, I am told

that even ling, in which the stomach has been everted by the

pressure of the air-bladder, can be kept alive by the same means,

though in this case the puncture is usually made above the anus.

Now this process is well enough for the liner, who finds it tend,

moreover, to his immediate profit, but I do not think it is feasible to
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any very great extent on board a trawler. Though cod are some-

what hardier, haddock, especially small ones, succumb very rapidly

if kept out of water ; and it is certain that, even if they were attended

to before the second trawl (where two are carried) was shot away,

many out of a large catch would be beyond surgical aid before it

arrived. Flat-fish, on the other harid, are better fitted, by the

structure of their gill-covers, to stand exposure to the air, and, in

general conformation, to resist pressure, whilst they are, of course,

subject to no difficulty arising from an air-bladder. Hence, since

only moderate hauls are now to be obtained on any grounds other

than the eastern, a large proportion of the undersized members of

the hardier kinds would probably survive if returned. Of the less

robust species, two, the common and long rough dabs, are of small

account, and undersized specimens of the third, the witch, appear to

be seldom taken by our trawlers.

To return to round-fish. If, as I hold, no great number of those

taken in our large trawls would survive if returned, it would serve

no useful purpose to throw them back. Hence the only possible

remedy lies in some scheme of mesh restriction, as to which I am not

prepared to make suggestions. Though, thanks to much assistance

from Mr. Woodall, my inquiries as to relation between size and

pattern of mesh and size of fish caught have made considerable

progress, I do not consider them as yet complete or conclusive.

It may be pointed out, however, that while it may be hoped that

all immature whiting and at least a great proportion of immature

haddock may be afforded a reasonable degree of protection by a

successful adjustment of the mesh difficulty, there can be no hope by

this method of protecting cod beyond a size which is far short of

that at which sexual maturity is attained, and of course no net can

be devised which will not be liable to get choked by weeds or other

rubbish. Every one, I suppose, admits that a fish should have a

chance of spawning before it is killed, but I really cannot say how
this advantage is to be secured for the codfish. If it were possible

to persuade those trawlers who, as I have shown, have been responsible

for most of the destruction of codling during the past winter, that it

would tend to their ultimate advantage to avoid the grounds most

frequented by these fish, one might hope for a sensible mitigation of

the evil. It is, however, sufficiently difficult to persuade a man of

what is absolutely true, whereas, since adult cod are the prey of the

liner rather than the trawler, the proposition perhaps hardly falls

into such category.
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Monthly Reports on the Pishing in the Neighbourhood

of Plymouth.

Bj

W. li. Calderwood, F.R.iS.E.

III.

The four charts produced in this number, showing as nearly as

possible the positions of the various fishing boats in the neighbour-

hood of Plymouth, are a continuation of the series of charts already intro-

duced in Nos. 3 and 4 of vol. ii. They represent the conditions found

during last September, October, November, and December, and

complete the year's observations.

September.—The Plymouth area is in this chart shown to be

densely covered with fishing craft.

A great line of mackerel boats is noticeable stretching along to the

east side of the Eddystone. This refers, however, only to the latter

part of the month, being most noticeable on the 26th day. The
mackerel fishing of the early part of the month was carried on twenty

to thirty miles south of the Eddystone, and is therefore not indicated.

The small patch of mackerel boats shown five or six miles south of the

Eddystone occurred on the 18th night. It is the first indication of

the breaking up of the large massed shoals, which is shown more

clearly in October and November.

The whiting boats were very much scattered throughout the month
and difficult to follow.

The long lining or bolter fishing shown, took place only in the early

part of the month, that shown south of the Eddystone during the first

week, that all round the Eddystone on the 12th day. The boats

then went along the coast of Cornwall, and at the end of the month
were fishing off the Lizard.

October.—The mackerel fishing during October was carried on, for

the most part, fifteen, twenty, and by some boats thirty miles south of

the Eddystone. Towards the end of the month, however, instead of

travelling out of all reach as was feared, some shoals struck inshore

again. The fishing round the Eddystone shown in the chart for this
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month occurred on tlie 25th night. The trawling shown to the south

of the Eddystone on the '^lome ground" occurred on the 10th day. A
curious patch of crabbers is noticeable two to three miles south of the

Mewstone.

November.—The mackerel marked in last chart are now shown to have

been joined by other shoals. Fishing continued a few miles south of

Eddystone during most of the month, but on the 19th the position

shown just south of the Mewstone was discovered.

On the 5th the trawlers worked over the same ground as the

mackerel men, and considerable damage to the drift-nets resulted.

A little long lining, which occurred in the early part of the

month, is noticeable inside of the Eddystone, the boats having

returned from the west. Towards the end of the month, however,

the takes being poor, the lines were transferred to Bolt Head.

Only six crabbing boats were at work during this month.

December.—It will be noticed that the waclierel have now dis-

appeared from the inshore waters. The boats followed them to the

eastward, however, as they receded. On the 10th good takes were

obtained twenty miles off Salcombe, and also off Start Point.

In coming to the end of the inshore mackerel fishing for another

year, it may be well to glance for a moment at the paper I published

in a previous number of this Journal on The Mackerel Fishing of

1889—90 (vol. ii, No. 1, p. 4). In looking first at the whole season

the same general systematic movements can be observed, viz. the

appearance of the shoals away off-shore to the eastward of Plymouth,

the gradual travelling westward and approach to the shore, the

appearance of very large shoals during the height of summer,

followed by their division into smaller shoals, which gradually recede

during the autumn in the direction from which they came.

That considerable variation takes place as to the exact time when
mackerel are found in a definite locality is, of course, to be expected.

The causes which influence the natural instinct of the fishes are, no

doubt, many. Unfavorable climatic conditions or powerful artificial

influences, such as target practice seawards or torpedo and mine firing,

may have a direct action on the movements of the fish themselves, or

may affect their food so as to cause a similar result.

A continued low or high temperature may retard or accelerate the

breeding season, and hence the coming of the fish.

With regard to the fishing seasons of the two years under com-

parison there seems to be a slight difference in time. In July, 1890,

the mackerel began to come close inshore, and during the month of

August were taken in considerable quantities in Pljanouth Sound.

On the 1st of September we read, p. 13, "Mackerel going off into

open water. Shoals breaking up."
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In July and August of last year (1892)^ on the other hand, the

shoals did not approach the shore, but rather appeared to be leaving

the land, so that many fishermen considered the fishing over for the

season and took in their drift-nets. In September, however, the

usual condition asserted itself, and although the shoals never actually

entered Plymouth Sound, yet they were found going through the same

general movements in September, October, and November as charac-

terised the fish in August and September of 1890.

To make suggestions as to the causes which produced this result

would, in the present state of our knowledge, be mere idle speculation.

I desire simply to point out that while the movements of these shoaling

fish can be relied upon with tolerable accuracy, one season may be

found to be as much as two or three months behind or in advance of

another.

With regard to fish which do not move in shoals, it is well-nigh

impossible to draw up certain courses, which may be relied upon as

indicating their probable movements at any particular period of

the year.

The present system of tabulating as nearly as possible the average

positions of the boats during each month of the year was commenced
by me in January of 1892. By continuing the process during the

first few months of this year, it has been possible to compare the con-

ditions found during these months and the early months of last year.

This comparison shows that in studying the movements of the

fishes which do not form themselves into shoals, an extreme amount

of variation may be present. So much does this appear to be the

case that, without observations from a great number of years, it will

be impossible to arrive at an accurate mean condition. I do not think

it likely, therefore, that a comparison of charts for certain months in

diiferent years will be found of any benefit in trying to arrive at a

knowledge of the probable movements of fish which do not shoal.

At the same time it seems to me to be advisable that, in all localities

where target practice seawards is carried on, or where other opera-

tions which interfere with fishing may be engaged in, information

should continually be collected, so that at any date the positions of

the fishing boats, and more specially the small line and crab and lobster

boats, could be reported.

In support of this view I gave evidence before the Commission

appointed to inquire into Target Practice Seawards, and am pleased

to be able to state that in the official return of this Commission, pub-

lished a short time ago, the suggestion has been advocated, and one

of my charts issued as an example.

It seems also possible that a great additional benefit would be

obtained, not only to the fishermen but to those firing, if when the
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order for practice either from a fort or a gunboat was given, some

signal or official notice was displayed in the fishing quarter of the

adjoining port or fishing village or villages.

It seems certain that if some notification of this kind were given,

fewer fishing boats would be found to interrupt operations by appear-

ing in the line of fire.

With reference to the collection of particulars as to the positions

of the boats, the method adopted has been first of all to form a

committee of fishermen representing the various branches of the

industry, viz. trawlers, drift-net men, &c., and to obtain regular

information from them as to where they themselves and the majority

of their neighbours were working. Latterly, the collection of this

information has been augmented by the efforts of Roach, the fisher-

man of the Association.

The great advantages to be derived from telegraphic communica-

tion with isolated lighthouses and lightships, so ably advocated by a

prominent member of the Marine Biological Association, comes most

forcibly into view in this connection. Not only could the indica-

tions of the movements of shoals of fish be communicated to the

fishermen, but the positions of the fishing boats at work on the

grounds within a radius of many miles could most readily be ascer-

tained, and communicated to officers of either service controlling

gunnery practice in the locality.

The key to the symbols used in the charts is again repeated. In

the last numbers the symbol used to represent long-lining was

omitted by mistake. Comparatively few boats are now engaged in

this industry at Plymouth. The symbol will be found below.

Key to Symbols used in Monthly Fishery Charts.

////Ill/ = position of herring boats.

:'/////// = ,, of mackerel boats.
//.•/.•.••'.•'/

\\\\\\\\ = „ of pilchard boats.

y/'\.y/^\/'^\ — » of trawlers.

0000= ,, of whiting boats.

+ + + + = „ of crab and lobster boats.

of long line fishing.
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Researches on the Coloration of the Skins of Flat-

fishes.

By

J. T. Cunningham, M.A.,

Naturalist to the Association.

In the year 1890 I tried an experiment upon young flounders, with

the object of discovering what would be the effect upon the lower

sides of the fish if these sides were continually exposed to daylight.

Under ordinary conditions the upper side of the fish is dark-coloured,

the lower side white ; and the upper side is exposed to light, while

the lower side being usually in contact with the ground, and always

turned away from the sky, is protected from the light. A connection

between the difference of the two sides in relation to light and in

coloration naturally suggests itself. If the difference in coloration

is due to the difference in the exposure of the sides to light, when

the lower side of the fish is kept exposed to the light it ought to

become coloured.

When the flounder or other flat-flsh is first hatched it has chroma-

tophores on both sides equally, and these chromatophores disappear

from the lower side during the metamorphosis. It seemed more

likely that illumination of the lower side would prevent to some

extent this disappearance, than that it would cause the reappearance

of chromatophores on the lower sides of older specimens. My first

experiment (described in the Zool. Anzeiger, 1891) consisted, there-

fore, in taking a few young flounders which had not completed their

metamorphosis and rearing them in a glass bottle supported on a

plate of glass, underneath which was placed an inclined mirror

reflecting the light from a window vertically upwards. I covered

the sides and top of the bottle with an opaque cover made first of

brown paper, afterwards of cloth, so that the light was to a great

extent prevented from entering the bottle in any direction except

from the mirror. The rearing of flounders from this stage

to maturity, although requiring minute and constant attention,

presents no great difficulty. The methods of feeding them and main-

taining a circulation of the water containing them were described
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in this Journal, vol. i, No. 4, 1890. A circulation was kept up in

the bottle over the mirror in the experiment by connecting it with

another bottle by means of a siphon outflow tube, the aperture of the

tube being protected by silk bolting cloth, so that the little fish could

not escape.

I was absent from Plymouth in July and the early part of August

in 1890. When I returned I noticed that the little flounders

continually clung with their lower sides to the darkened sides of the

bottle, so that the object for which the apparatus was arranged was

to a great extent defeated. I tried to prevent this by confining the

fish beneath a horizontal partition of coarse cloth fitted into a

cylindrical glass vessel substituted for the bottle, but the cloth did

not allow of sufficient renewal of the water beneath it, and the fish

were found all dead one morning, having been killed by suffocation.

There were thirteen of these fish, and all except one had some

pigment on the lower side. The greatest extent of the pigmenta-

tion was over the region along the edges of the lower side, from the

base of the dorsal and ventral fins inwards, the region correspond-

ing to the muscles of the fins. As far as could be observed in the

course of the experiment (it was not possible to make a minute

examination without risking the life of the fish), the pigmentation

present at the end of the experiment was not due to a retention of

the pigment present on the lower side before the transformation of

the larval fish was complete, but the original chromatophores had

disappeared from the lower side as usual, and had been redeveloped

under the action of light.

In my next experiment I took four flounders belonging to the same

brood as those of the first experiment. These were some of a number
which had been reared under ordinary conditions, which had long

passed their transformation and had no pigment on their lower sides.

They were about five or six months old, and between 2 and 3 inches

long. I removed the covering from the sides of the vessel, and left

oif using any partition inside it, keeping only an opaque cover on the

top. In consequence of this the fish could not protect their lower

sides from the light by clinging to the sides of the vessel, and their

upper sides were illuminated by light passing through the sides, as

well as their lower sides by the light from the mirror. At the

beginning of 1891 I had made a wooden tank with a plate-glass

bottom, which is still in use, and is shown in the figure illustrating

this article. It is 3| feet long, 2 feet 3 inches broad, and 11 inches

deep, and I procured large mirrors to place beneath it. In this

tank the four flounders lived and grew. A recurrence of the old

difficulty of the fish clinging to the opaque sides took place, and I

met this as far as possible by keeping the water in the tank very
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shallow. After this experiment had lasted six months I observed a

commencement of pigmentation on one of the four fish. At the end

of June, 1891, one of the four died. I had placed bricks in the

tank to keep the fish in the centre of the glass bottom, and this

specimen had got fixed between a brick and the side of the tank.

In September one of the three survivors had developed pigment

all over the external regions of the lower side ; in the other two

pigment could not be detected with certainty. In this month another

specimen, fortunately not the pigmented one, died. The remaining

two lived on till July, 1892, when another died. This one was 23 cm.

(about 9 inches) long, and had a large number of separate spots

of pigment on the lower side. These spots were of considerable size

and dark. Under the microscope they were found to consist of

chromatophores exactly similar to those which constitute the

pigmentation of the upper side. The fourth specimen is still alive at

the present time. It is now three years old, and has lived in the

apparatus since September, 1891. It is now deeply pigmented all

over the lower side with the exception of a very small area.

There can be no doubt that the pigmentation in this experiment

was due to the exposure of the lower sides of the fish to light.

There were only four fish used, and two of them which lived long

enough developed pigment which continually increased in extent.

This is 50 per cent., and although pigment occurs on the lower sides

of flounders living under natural conditions as an occasional abnor-

mality, the percentage of such specimens is nothing like 50 per cent.

It is important to point out that these four specimens were taken

from a number reared in the aquarium in tanks with sand at the

bottom, and subjected to no artificial conditions except captivity.

In this Journal, vol. ii. No. 3, I have given the result of the

examination of all such specimens reared from the brood of 1890.

There were ninety specimens altogether, and one of these had a few

small patches of pigment on the lower side. These were two years

old when examined, and a more rigid control experiment could

scarcely be required.

In another experiment I took one of this same brood (not one of

the ninety just mentioned, but one taken before the examination

referred to) which had one small spot of pigment close to the

pectoral fin, and placed it in the apparatus, where its lower side was
exposed to the light. In a few months the pigmentation of the

lower side had extended over the greater part of that side.

Other similar experiments are described in greater detail in the

full memoir by Dr. MacMunn and myself recently communicated to

the Royal Society. Other experiments are now in progress, and a

figure of the apparatus in use, prepared from a photograph, is here

NEW SERIES. VOL. Ill, NO. I. 8
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given. Besides the wooden tank already described and seen in the

figure, there is also a large bell-jar. Both vessels are supported on

trestles, and the large mirrors are placed beneath, upon the floor of

the Laboratory. The vessels are placed in front of the tanks on the

south side of the Laboratory and opposite the south windows, the

supply of water being conveyed into the vessels by siphons from the

Laboratory tanks. The fish are seen by reflection in the mirrors.

At present the entrance of light is absolutely prevented by coverings

of black cloth, or wooden covers lined with black cloth, except

through the bottoms of the two vessels. The smaller fish are some
reared from the brood of 1892, and the results exhibited by these

are not yet published anywhere ; the two larger fish are sole

survivors from two separate experiments, and each of these is almost

completely pigmented on the lower side.

During the period of time over which these experiments have

extended, I have been studying, in collaboration with Dr. MacMunn,
the anatomy and the physical and chemical properties of the elements

to which the coloration is due. The results of these studies are fully

described and illustrated in the memoir communicated to the Royal

Society. A general account is all that can be given here. In the

skins of flat-fishes the chromatophores have been described by Pouchet

and other zoologists. They are of two kinds. Those of one kind are

black or dark brown, have very definite outlines, and are contractile.

They are stellate in form, having, when expanded, branching pro-

cesses stretching out from the centre in all directions ; but these pro-

cesses can be partially or entirely retracted, and when completely

contracted the chromatophore has a circular outline, being really

nearly spherical in shape. The chromatophores of the other kind

are yellow in colour. In the flounder the yellow deepens to orange

at the centre. Usually the outlines of the coloured chromatophores

are much less distinct and definite than those of the black, and it

generally looks as though the pigment had diffused to some distance

into the surrounding tissue. Nevertheless, contraction and dilata-

tion of these yellow chromatophores takes place.

The chromatophores are of considerable size, easily seen with a low

power of the microscope when a slice of the fresh skin is examined.

But there are present much smaller elements which affect the colora-

tion. These are angular plates of opaque substance of fixed form,

having no colour, but reflecting light strongly. They are called

iridocytes.

In the flounder, in the skin of the upper side a layer of chromato-

phores and iridocytes occurs close beneath the epidermis outside the

scales, which are small and rudimentary. In the deeper part of the

skin there are scarcely any chromatophores and no iridocytes, but



COLORATION OF THE SKINS OF FLAT-FISHES. 115

on the inner surface of the skin there occurs another layer of chroma-

tophores^ bhick and yellow as in the superficial layer. Associated

with the chromatophores here there are no iridocytes, but the place

of the latter is taken by a continuous layer of opaque reflecting

substance similar to that of which the iridocytes are composed. On
the lower side of the fish chromatophores are entirely absent, but the

iridocytes of the superficial layer are well developed. It is not these,

however, which cause the opaque whiteness of the lower side of the

flounder, for the layer containing these can be removed with a razor,

and the whiteness of the skin remains. This characteristic of the

lower skin is due to a thick, dense, continuous layer of reflecting

substance on the inner surface of the skin, corresponding to the layer

mentioned above in similar position on the upper side. This layer is

much thicker on the lower side than on the upper.

The character and location of the elements of coloration are quite

similar in other flat-fishes, but they are not always developed to the

same degree. The chief variation is in the subcutaneous reflecting

layer, which is in some species, e. g. the Megrim [Arnoglossus

niegastoma), almost entirely absent, represented only, whether on the

upper or lower side, by separate small plates quite similar to iridocytes,

but not so regularly arranged. In fact, comparative observations

of dilferent species, and the history of the development in the

flounder, prove that the internal reflecting layer is actually derived

from a layer of separate iridocytes which enlarge until they become

continuous. This explains why the lower skin in the young flounder
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is not opaque white, but bluish and translucent. The chromatophores,

both black and coloured, are the first elements of coloration to

develop, appearing in the skin of the embryo even before it is

hatched. The external iridocytes appear next, and are found in the

flounder during its transformation when it is 4- to j of an inch in

length. The internal reflecting layer of the lower side develops late

and very gradually. It first appears in streaks along the lines of

the intermuscular septa, when the flounder is about 1| inches long

and extends gradually. When the flounder is 3 to 4 inches long,

the white opacity is usually fully developed. The peritoneum contains

the same elements of coloration as the skin, namely, chromatophores

and reflecting substance, and it is an important and significant fact

that in the normal flat-fish the chromatophores are present only in the

peritoneum of the upper side, while in that of the lower side they are

absent or very scarce, and on this side the reflecting tissue is more

largely developed. In the flounder the reflecting substance appears

in the peritoneum of the lower side earlier than in the skin, and as

it is visible through the walls of the body the abdominal region in

the young flounder is marked out as a white area, while the rest of

the lower side is bluish and translucent.

As might be expected, the elements of coloration in other fishes

are not essentially different from those of flat-fishes. But it is a

striking peculiarity in the flat-fishes that they are destitute of the

silveriness and iridescence which is so characteristic of many fishes,

especially those like the mackerel and herring which are migratory

or pelagic. Investigation shows that the silveriness of such fishes

depends almost entirely on a thick subcutaneous or internal layer of

reflecting substance corresponding to that of the flat-fish. These

layers, in fact, are homologous, the difference in appearance being

due to a difference in the structure of the reflecting layer, which in

the flat-fish is granular, in the silvery fish is composed of minute

parallel rods or needles. Both layers may be conveniently called

the argenteum. In other fishes as in flat-fishes, chromatophores,

black and coloured, occur in an external layer and an internal,

and where the chromatophores are most developed the argen-

teum is evanescent, and vice versa. In other fishes there are

also bodies corresponding to iridocytes, but they vary in form and

arrangement. In fishes whose skins are iridescent, as the herring,

this quality is due to a layer of parallel rods or prisms of reflecting

substance, which in the herring line the inner surface of each scale,

or more accurately are present between those parts of the scales

which overlap one another. The scales themselves are never irides-

cent. This iridescent substance is obtained from the scales of

certain fishes^ especially the fresh-water bleak [Alhunus lucidus), and
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placed in the interior of thin glass beads to make artificial pearls.

The coloured chromatophores of fishes are always of some shade of

yellow or orange, deepening to red ; in some the colour is a distinct

red, as in the gurnards and red mullet. Green fishes occur, e. g. the

green pipe-fish {Siphonostoma typhle) and the mackerel, but in such

cases the colour is not due to green chromatophores. The coloured

chromatophores in such fish are of a lemon-yellow colour by trans-

mitted light, though it approximates to green when viewed at certain

angles by reflected light. The green colour exhibited by the fish is

due to the mixture of this yellow colour with the black of the black

chromatophores, just as a mixture of gamboge and black among artists'

pigments produces a green. No blue pigment either occurs in any
fishes that I have examined, blue colours being due to the reflections

of iridocytes, modified by black chromatophores.

As to the histological nature of these elements, it has generally

been held that they are modified connective-tissue cells. This may
be true of the chromatophores, but probably is not true of the irido-

cytes and reflecting tissue.

From a chemical point of view the reflecting substance is composed
of a definite organic compound in an almost pure state, and the

opacity and reflecting properties of the reflecting tissues or elements

are those of this compound, varying according to the state of aggre-

gation in which it exists. This substance, whose formula is C^HgNgO,
is connected with the uric acid series, but its chemical relations are

not well understood. It is found in small quantities in the excretions

of the excretory organs of certain Invertebrates, but has never been
found associated with the kidneys of Vertebrates. It was first

recognised as an abundant constituent of guano, derived in that

substance from the skins of the fish devoured by the sea-birds, whose
excrement formed the guano. The pigment of the black chroma-
tophores is known as melanin, an organic compound which is

extremely insoluble and indestructible, and, with slight variations,

occurring almost universally in the animal kingdom. The pigments
of the coloured chromatophores all belong to a well-characterised

class of pigments known as lipochromes or fat-pigments, being of an
oily nature, soluble in alcohol, ether, and other fat solvents, giving

absorption bands in the spectroscope, and easily bleached under the

action of light when removed from the living body.

To return finally to the effect of the action of light on the lower

side of the flounder. Analysis shows that the result is a development
of black and yellow chromatophores exactly similar to those of the

upper side. At the same time there is a gradual diminution in the

amount of the reflecting substance in the argenteum, while a change
in the superficial iridocytes has not been observed. Whence do
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these cliromatopliores come ? Do they migrate along the skin or

through the tissues of the body from the skin of the upper side ? or

are they formed in situ, and, if so, how ? We are not prepared at

present to answer these questions definitely. We believe, however,

that their presence is not due to migration, but that the pigment is

formed from the elements supplied by the blood at or immediately

near the place where they appear. That they do not come round

the edge of the body along the tissues of the skin is proved by the

fact that spots and patches of pigment may appear in any position,

and quite isolated, on the lower vside.

It is important to mention that, although chromatophores are

present on both sides of the fish in the intermediate stages of meta-

morphosis at which most of these experiments have commenced, the

action of light on the lower side never results in the retention of

these chromatophores. The latter disappear from the lower side

completely, and after prolonged action of the light they reappear.

It is certain, therefore, that the disappearance of the pigment from

the lower side in the normal flat-fish is an hereditary character, and

not due to the withdrawal of the action of light in the individual.

If the latter were the case, of course the pigment would be retained

permanently from the larval stage as soon as the light was allowed

permanently to act upon the lower side of the fish. The disappear-

ance of the pigment is, therefore, an hereditary family character in

the PleuronectidoB, On the other hand, the fact that in these ex-

periments the pigment, after prolonged action of the light, actually

reappears is strong evidence (to my own mind a proof) that originally,

in the beginning of the evolution, the pigment disappeared in conise-

quence of the withdrawal of the lower sides from the action of light.

If this be granted, it follows, of course, that a character originally

acquired has become hereditary.

Pigment occurs as an occasional variation on the lower sides of

flounders living free under natural conditions. That this does not

invalidate the significance of these experiments is shown by the fact

that in a number reared under normal conditions in the aquarium,

only 1 in 90 showed a spot of pigment on the lower side, while of

94 specimens obtained from the estuary of Hamoaze only one

showed a coloured spot on the lower side. Moreover, in the experi-

ments the extent of the pigmentation, and the number of specimens

exhibiting it, steadily increase from month to month, while in nature

pigment on the lower sides is not any more common in large specimens

than in small.

The above is a mere brief summary of general results and conclu-

sions. The full description of the investigations, with illustrations,

is contained only in the memoir communicated to the Koyal Society.
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NOTES AND MEMOEANDA.

The Distribution of ITnciola crenatipalma, Bate.—In my Notes on the

Marine Invertebrate Fauna of Plymouth for 1892, in the last number
of this Journal, I stated (p. 337) that although this interesting

Amphipod is plentiful at Plymouth, its distribution seems to be very

restricted, and that it is absent, among other catalogues, from

my friend Mr. A. 0. Walker's lists of the L. M. B. C. Amphipoda.
Mr. Walker has, however, kindly called my attention to the fact that

he has recorded the capture of several specimens of Unciola irrorata,

Say, on the coast of Anglesey (Proc. Liv. Biol. Soc, iv, 1890,

p. 243), and that he had little doubt that this name should really

be U. crenatipalma, Bate. Upon comparison with some specimens

of U. crenatipalma from Plymouth, Mr. Walker has been able to

confirm the identity of the forms from the two localities, so that his

record of U. irrorata in reality extends considerably the northern

range of U. crenatipalma. The true U. irrorata of Say, he tells

me, maybe at once distinguished from U. crenatipalma, Bate, by the

lower angles of the last two pleon segments, which in the former

are produced into curved points, a distinction mentioned neither by
Stebbing (Chall. Amphipoda) nor Bonnier (Bull. Sci. France, &c.,

1889, t. XX, pp. 373—398). The known distribution of U. crenati-

palma, from north to south, is now, therefore, as follows :—England :

Anglesey (A. O. Walker) ; Weymouth (Gosse) ; Plymouth (Garstang)

.

France : Dunkirk (de Guerne and Chevreux) ; Boulonnais (Betencourt

and Bonnier) ; Luc-sur-Mer, Belle-Ile and Croisic (Chevreux) ; Gulf

of Gascony and north coast of Spain (Chevreux).—W. Garstang.

Raniceps raninus, Linn.—On the 23rd June, 1892, 1 received a spe-

cimen, 3^ inches in length, which had been taken in a shove-net on
the shore opposite New Clee Railway Station. No other examples
were forthcoming until October, when, on the 25th and 26th, we
took three on the Trinity, and four on the Middle Sand prawning
ground in the shrimp-trawl. Of these, one measured 4| inches, and
the others were about the same size. Two of them were placed in

the Cleethorpes Aquarium, where they lived for some days, choosing,

in the daytime, the darkest corner of the tank. One died, apparently

from the effects of chafing ; and the other, which seemed healthy,
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contrived to get down the escape-pipe, and was killed. The resem-

blance borne by these lesser forkbeards to the dark variety of Liparis

Montagui, which is the most common on the grounds where they

were caught, is very striking when the fish are viewed from above.

Even the dermal papillee of Montagu's sucker are represented, though

much less closely set, on the head of the gadvid.

Examples have been recorded from most of the British coasts, and

the species has been taken in estuarine waters before, but I do

not know that there is a distinct record of its occurrence at the

extreme margin, as in the case of our first specimen. I imagine

it must occur pretty regularly in the Humber, though I have found

no one here who recollects to have met with it before. The

resemblance to Montagu's sucker would probably account for its being

overlooked by shrimp-trawlers.—E. W. L. H.

Chimaera monstrosa, Linn.—A male and a female of this species

were taken in the second week of May by a Grimsby smack trawling

from 70 into 135 fathoms, at the edge of the deep water to the

north of the Great Fisher Bank, 320 miles from the Spurn. The

abdominal viscera had been removed before they came under my
observation. The male measures 27^ inches in total length, the

caudal filament being nearly perfect, whilst the pre-anal region

measures 9| inches. All the accessory sexual organs are well

developed ; it is the smallest mature male that I have seen. The

female was about the same size.—E. W. L. H.

Lumpenus lampetrsBformis, Walbaum.—I have received a specimen

taken, in company with another, by Mr. F. Klotz, s.s. '' Dominican,"

at 23 to 25 fathoms, 240 miles E. | N, of the Spurn Light-vessel

during the last week of July, 1892. The species was first added to

the British list by the occurrence of an example on the east coast of

Scotland [vide Day, Rep. S. F. B., 1884, p. 78), and has since been

recorded by Dr. Giinther from the west coast (P. R. S. E,, vol. xv,

1888, p. 211). The locality from which mine was derived lies

outside the British area, but I was under the impression that it was

rather further south than any that had been recorded. Dr. Giinther,

however, informs me that he has seen a specimen said to have been

taken on the coast of Norfolk.—E. W. L. H.

Gastrosteus pungitius, Linn.—The ten-spined stickleback is com-
mon in some brick-field ponds at Beaconthorpe, though not so

numerous as the three-spined species. Both kinds have been used

at the Cleethorpes Aquarium for some time for feeding anemones,

especially Urticina felina, and I had never noticed that one species
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seemed less tolerant of sea-water than the other, I was therefore

rather astonished to find an assertion^ attributed, I suppose correctly,

by Day to Couch, that G. pimgithis " will not exist when confined in

salt water, however diluted such may he." To test the truth of this,

five examples were transferred from fresh to salt water. Three of

them showed very little apparent irritation, but the two others

gasped a good deal for some time, but finally, as far as the salinity

of the water was concerned, the discomfort appeared to cease. These

examples have failed, however, to adjust their air-bladders to the

greater density of the salt water, and remained, in consequence, at

the surface when at rest, though able to descend when inclined to

do so. One has died, at the end of a week. Two appear perfectly

contented with their new surroundings, and in no way inconvenienced

by the density of the water, which is about 1"020°.—E. W. L. H.

Pleuronectes microcephalus, Donov.—I have alluded elsewhere to the

occurrence of young lemon soles in the Humber in autumn. I have

since received three, measuring 2|, 4, and 5 inches respectively,

which were taken on the Tetney ground on the 7tli of April. It

seems, therefore, probable that some of these fish remain in the river

throughout the winter. Whilst reserving a more detailed descrip-

tion, it may be remarked that these small examples exhibit all the

markings shown by the adult when taken on a bright-coloured

ground. In both cases the markings disappear very rapidly after

death, but the dark pigment can be fixed by alcohol.—E. W. L. H.

Scorpsena dactyloptera, De la Roche.—A specimen, 4| inches in total

length, was taken in a shrimp-trawl on the Tetney ground on the

night of the 17th April. It has the colours of the adult, but the

lower rays of the pectoral fins are still connected by membrane, as in

other young examples that have come under my notice.

The species is known to occur all along the European and North

Atlantic slope, at depths between 54 and 527 fathoms, but there is

no record of its occurrence on the English coast. As the Tetney

ground is nowhere deeper than five fathoms, I would call attention to

the extension of the vertical rather than to that of the horizontal

range. From the accounts of prawn fishermen I believe that several

other small examples have been taken in the Humber this spring.

E. W. L. H.
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I. On the Destruction of Immature Fish in the North Sea.

Introductory.—Owing, to enforced idleness during the period

wliicli would otherwise have been devoted to preparing my reports

for publication, I am under the necessity of reserving much of the

information collected during the last four months for a future

occasion, and of treating only in the briefest possible manner the

few subjects selected for present discussion. I have again to

express my obligations for much courtesy and assistance received

from members of the Grimsby fishing community, and to the Marine

Fisheries Society of the same town for cordial co-operation in the

work carried on at their laboratory and aquarium at Cleethorpes.

The subjoined remarks are continued from those which appeared

in the last number of this Journal, and the subject is treated in the

same manner.

As I explained when endeavouring to compute the proportion to

the total borne by the undersized fish recorded in the reports of last

year, the method adopted by the Board of Trade statisticians in

collecting their figures is not such as to inspire the most implicit

confidence in the accitracy of their results. Accordingly, since

during the present season more time was available for statistical

investigations, I have relied for my totals on the method previously

adopted only in the case of small fish, viz. on observations based on

the number of boxes landed on the Grimsby pontoon. In this work

new series.—VOL. Ill, NO. II. 10
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I have received the most valuable assistance from Mr. W. Clark,

tlie laboratory attendant.

It is to be regretted that it was not possible to extend the

statistics thus collected so as to comprise all members of the various

species under discussion, but so little time elapses before the fish

landed from the boats are sold and scattered that a considerable

staff would be necessary for this purpose. I have therefore

confined my efforts to obtaining an accurate account of all the

plaice landed, since there is no doubt that, in view of the objects of

these investigations, the plaice is the most important species. The
haddock, no doubt, is equally or even more important in a general

sense ; but since it is a species which in no way lends itself to pro-

tection by means of a size limit, and which, on the whole, appears

to have suffered less from over-fishing than any other, I have

postponed for the present any attem^Dt to collect full statistics.

That my statistics are absolutely accurate is more than I can claim,

but I believe that the method adopted presents less opportunities of

error than any other feasible under existing circumstances. It will

be noticed that in some months one or more days are omitted. I have

purposely abstained from completing them by the deduction of an

average, since the variation of the supply from day to day is so

great that such an average is quite unreliable. In the case of large

plaice, home consumption (by fishermen) is a not inconsiderable

item. For this I have allowed, with, as I believe, approximate

accuracy, by counting the level boxes landed from the only fleet

fishing the grounds frequented by large fish as full boxes. So

far as I know, no allowance is necessary in the case of the small

plaice.

Plaice.—In my last report I enumerated the number of boxes

containing only small fish landed up to the 20th March.

The figures for the whole month are as follows :

From the Eastern grounds . . 439 boxes.

From the Lincolnshire coast . . 40 „

During the following months the statistics deal with the whole

quantity of fish landed. Boxes containing only small fish are

recorded as ''small," other boxes figuring as "large." Boxes from

Iceland contain only large fish, and are enumerated separately.
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In April 145^ and in May 85 cases of small fisli were sent to

Grimsby market from tlie Continent by cargo boat.

Comparison with the figures for last year (N. S., vol. ii, p. 381)

shows a very considerable increase in the quantity of '' small "

landed in the early part of the season, which commenced this year

as early as March. This is due very largely to the early summer of

the present year, which brought the fish, and, in their train, the

boats, on to the eastern grounds sooner than usual. Moreover,

instead of only sending one fleet to the Terschelling ground, during

the present season Grimsby has furnished no less than four small

fleets to assist in the work of destruction, whilst, in addition to steam

trawlers hailing from our own and other British ports, we have been

favoured with frequent visits from foreign vessels bringing small

plaice from the same grounds. Thus in May 22 ^Woyages " of

" small " were landed by British steam trawlers, whilst foreign

vessels from Hamburg, Bremen, Gelstemiinde, and Rostock contri-

buted seven " voyages." The destruction was apportioned as

follows :—by British steam trawlers, 3917 boxes; by foreign steam

trawlers, 1642 boxes; by smacks, 2085 boxes. The latter were

much hampered throughout the season by want of wind. Besides

Grimsby boats, fleets from other east coast ports also visited the

Terschelling and neighbouring grounds, including boats from

Lowestoft. In view of the fact that our own boats brought practi-

cally none but small plaice from these grounds, it is somewhat

surprising to learn from evidence given before the Parliamentary

Committee that Lowestoft fishermen are so fortunate as never to

catch any small fish at all.

Since the method of collecting statistics has during the present

year been the same in the case of "large" and "small," we may
venture to compute the comparative numbers of each with more
accuracy than could be hoped for before. Taking the month of

May as before, I found that 100 fish was the average contents of a

box of " large," and that of these about 40 per cent, failed to reach

what I consider to be the biological standard of maturity. There

would therefore be in the boxes of " large " landed during May
some 753,200 fish, of which 451,920 would be mature and 301,280

immature; whilst in the boxes of "small," containing each about

250 fish, practically the whole 1,911,000 fish would be immature.

Thus of the total of 2,664,200 no less than 2,212,280 would be below

the biological limit. This may be of some interest, but is of perhaps

little practical importance, since, as I have endeavoured to show in

former reports, we may hope to afi^ord the necessary protection to

the species without having recourse to the biological standard for

legislative purposes. Indeed, from the experience of two seasons, I
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now believe that a limit of only 13 inches, but not an inch less,

would serve the required purpose. Now in the boxes of "large "

only about 7 per cent, are less than 13 inches in length, whilst in

the boxes of " small " 10 per cent, is a very generous estimate of

the proportion of fish above 13 inches. Hence we find that of the

total given above 1,772,624 fish fail to reach the limit of 13 inches.

Figures for every month might be computed on the same basis,

allowing for some variation in the number of fish in a box of large.

This depends largely on the grounds worked. In May, as it

happened, no boats were at work on the Great Fisher Bank, where
the proportion of large fish is the highest for the North Sea. During
June and the following months a certain amount of trawling was
done on that ground; later in the season the "Holman^' catches

would materially lessen the average number in a box, which would

reach its minimum in the winter months, when comparatively few

small plaice are brought ashore from any ground. It appeared to

be a general idea amongst experienced men that the average number
of fish in a box of large was about fifty, but I have been able to con-

vince any who were willing to put the matter to the test that

nowadays this estimate is far under the mark.

As to the Iceland fish, judged by North Sea standards, those from

the open grounds are all large, and a box of 10 stone contains only

some thirty fish. As those landed in May were all from such

grounds the total number would be about 140,490. As the number
of Iceland boxes during that month nearly equals a third of the

North Sea total, the great difference of the total numbers of fish from

each district is not uninstructive. From all accounts it appears to

be much as though we were comparing the condition of the Dogger
when first trawled with that to which we "have now reduced it.

With regard to the " large " plaice landed, it may be mentioned

with some satisfaction that the only Grimsby fleets which have during

this year refrained from persecuting the small fish appear to have

met with tolerable success. Of these the largest always lands its

fish in London ; and beyond that it was fishing the north-west corner

of the Dogger during the summer I have no information as to its

movements. The smaller fleet at first fished the same ground, and
after refitting visited the " off grounds " of Scarborough, i. e. the

ground lying about thirty-five miles off that port.

With regard to the Humber " flat-fish,^' they have this year

formed an even more insignificant item in the market than was the

case last year, and the District Fisheries Committee having now
taken steps to enforce their bye-laws, it may be supposed that the

appearance of small fish from our own territorial waters will in future

years be extremely rare.
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Probably the Humber plaice, which I found to be unusually

abundant this summer, owed their comparative immunity in great

part to the abundance of the prawns, which was such as to restrict

the energies of the river trawlers to the legitimate objects of their

industry. On the other hand, the general abundance of shrimps at

the margin, by attracting unusual attention from the shore fishers,

no doubt caused some increase in the destruction of very small

plaice by the shove-nets and shrimp '' seines." By substituting a

cheese-cloth bag for that usually employed in the construction of a

shove-net I succeeded in obtaining examples smaller than any which
came under my notice last year. The first of these, measuring

15 mm., occurred on the 20th April, and probably represents the

minimum size at which the species enters the river.

Tiirhot, brill, and soles.—On the whole the amount and propor-

tion of small turbot landed during this season did not appear to

differ greatly from the conditions recorded for last year. Amongst
brill, however, I noticed that the proportion of immature fish landed

from the eastern grounds was considerably higher than before, but

still not such as to afford, from market observations alone, any
evidence of very great destruction of the young of this species. A
very marked improvement in the Terschelling sole fishery, attributed

by fishermen to the warm summer, was the principal reason why
so many of our smacks worked that ground during the present

season ; and it is to be regretted that the pursuit of this species

entails so much destruction of small plaice, since the soles landed

from Terschelling comprised only a small proportion of immature
fish. Humber soles first made their appearance in the market on
the 31st March ; the fish, consisting, as last year, chiefly of

immature specimens, remained abundant in the river throughout the

season, but no very great catches were landed by the shrimp-

trawlers. Very small examples, so far as I could ascertain, were
taken by the shore shrimpers less frequently than last year; and on
no occasion, when using the shove-net, did I catch any myself.

The 8th August was the earliest date on which I obtained fish

which appeared to be undoubtedly of this season's hatching. They
were taken in a fine-mesh trawl, and measured If inches (o5 mm. ca.)

in total length, and others only slightly larger were taken during

the few succeeding days. All other soles taken at the same time

measured from 5 inches upwards.

Lemon soles.—No very large numbers of immature fish were
observed in the market during the present year. From continuous

observations of the catches of several shrimp-trawlers, who were
kind enough to reserve for my examination all unmarketable fish

obtained by them from time to time, I find that very small examples,
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such as those taken last year iu the " Vallota/^ were present in the

river from the beginning of April, and I have little doubt that some

remain there throughout the whole year.

Haddock.—The appended figures show the total number of boxes

of ''small " landed during the months specified.

March, less six days

April .

May, less one day

Jnue .

July, less one day

August, less five days

1,107 boxes.

2,424

2,890

3,596

3,841

5,761

Cod.—The appended figures relate to the boxes of small codling,

as explained in the previous number of this Journal, landed by

trawlers only, during the months specified.

March, less six days
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sea boatSj to arrive at a conclusion as to the average size at wliich

tlie fish reaches maturity. This appears to be about 9 inches, and
fish of a less size are seldom brought to market. Considerable

numbers are sometimes caught, but I have no doubt that a great

proportion of immature whiting escape through the meshes of the

ordinary deep-sea trawl.

II. On the Iceland Teawl Fishery, with some Remarks on the
History op North Sea Trawling Grounds.

A result of the ever increasing scarcity of trawl fish in the North
Sea has been that the more enterprising members of the fishing

community are constantly seeking new grounds.

Thus in past years boats have been pushed out from Hull and
Grimsby to the west of England, the west of Ireland, and during
last year as far south as the Bay of Biscay ; but though I am con-

vinced that there is a great future for trawling on some of the

off-shore grounds of the west of Ireland, I am not aware that up to

the present time the results have been sufficiently remunerative to

warrant any great influx of boats in any of the directions mentioned.
On the other hand, the boats which have pushed to the northward

have been infinitely more successful. In this direction the line-

fishers have always been the pioneers of the trade.

Thus the Great Fisher Bank, long known as a fine lining ground,
was accidentally discovered to be suitable for trawling some twenty
years ago, and it is only within about the last fourteen years that it

seems to have been regularly trawled.

It has chiefly been fished in the winter, since it seems to be most
productive at that season, whilst the east coast grounds have afforded

occupation to the fleets in the summer.

Nowadays, however, the eastern grounds have so deteriorated,

and public opinion has been so strongly directed against the destruc-

tion of undersized fish on these grounds, that the discovery of new
grounds for the summer has been a matter of the highest import-
ance.

The discovery of the splendid lining grounds (for halibut, &c.), com-
monly known as the Faroe " banks," was followed some years later by
the opening up of the southern coasts of Iceland for similar operations,

and for some years past Iceland has been the chief source of our
supply of halibut during the summer months.

Trawling vessels which have been sent from time to time as far

north as the Orkneys do not seem to have encountered much luck,

though it appears that Scotch vessels have been more successful in

this direction. Trawling has also been carried on, but as yet with
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only moderate success, to the east of tlie Shetlands, but the enter-

prise of one of our firms has at last opened up a trawling ground,

the resources of which, if properly husbanded, can hardly be esti-

mated.

In the summer of 1891 the s.s. ''Aquarius" (Grimsby Steam

Trawling Co., Mr. T. Cutton, master) shot a trawl off IngoFs

Hofde Huk (" Ingol's Hoof" according to Grimsby pronunciation)

,

on the south coast of Iceland^ and returned with a fine catch of

plaice and haddock. In the winter the Iceland grounds are closed,

partly by ice, but more by the prevalence of foggy weather ; but in

the summer of 1892 about nine steam trawlers renewed the

experiment.

Nature of Catch.

Large catches of plaice and haddock were made, the quantity

varying from about 100 to 400 boxes of each per trip. Other items

of the catch included witches (P. cynoglossus) , common dabs,

whiting, and Norway " haddock " {Sehastes norvegicus) , all abundant
;

cod, ling, cat-fish {A. luptcs), and skate, fairly plentiful; megrims

[Rh. megastoma) common in certain parts of the ground ; halibut

moderately plentiful, but local. Lemon soles were very scarce, and

no turbot, brill, or true soles were taken.

Of unmarketable species one specimen of Molva abyssorum and of

GadiiH saida respectively have reached my hands from Iceland

trawlers. Long rough dabs and prickly rays [R. radiata) I have

ascertained to be common, but my inquiries have failed to elicit

evidence of the presence of any other species of food-fish.

Fishing Grounds.

The ground principally worked is known to our fishermen by the

name of " Ingol's Hoof," and is described to me as lying off a fairly

even stretch of coast which extends about S.W, from Ingol's Hofde

Hvik. The shore consists of low cliffs or banks, awash with the tide

and pierced by the mouths of numerous streams draining the gradual

incline of cindery volcanic soil which stretches seaward from a line

of hills parallel to the shore. The bottom consists of very dark

mud, the colour being due to its volcanic origin. Trawling is

carried on at between 6 and 7 fathoms, close inshore, and about 40

fathoms in the offing, but a large part of the fishing took place in

1892, within three miles of the land. Another ground, more to the

westward, is known as " Madam Piper's Bay," and trawling has also

been carried on, with good results, off the West Horn at some

distance off shore. In addition to these grounds, some of the fjords
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were also explored in 1892 ; and during the present year, in spite of

a prohibition on the part of the Danish Grovernment against fishing

in territorial water, the practice has been continued by British boats.

Several of these have had reason to regret it, having encountered

rocks ; whilst I am informed that one Danish steam trawler has

become a total wreck. There can be no doubt, however, that there

will be found ample room for the development of a large trawling

industry without encroaching on the territorial waters ; and we may
here recall that when the Faroe banks were first found suitable for

line-fishing, boats used to go there in twos and threes, it being

supposed that the productive area was so limited that a single boat

might miss it, whereas it has since proved to extend for hundreds

of miles.

The plaice are very large as compared with North Sea fish,

especially those from the IngoFs Hoof and West Horn grounds.

The smallest fish I have ever seen brought in measured 1 2 inches

;

only an insignificunt quantity were of less than 17 inches, whilst

specimens of about 27 inches were a large item in the catch. The
largest I measured was 30 inches long, but I am quite sure that I

have seen specimens which were several inches longer. The
maximum size recorded for North Sea fish is 28 inches. T have

never seen any longer than 27 inches, and comparatively few above

24 inches.

The pigmentation is characteristic, and should serve to avoid the

confusion that might otherwise arise in the minds of such naturalists

as are apt to record anything they see on their fishmonger's stall as

British. The ground colour, due to the darkness of the soil all

along the coast, is a dark greyish brown, often very dark ; the spots

are usually much fewer than in North Sea fish, and often of very

irregular outline ; the central region is rust-colour, or a dark brown
flecked with the former tint, and is surrounded by a broad and very

distinct margin of a lighter shade, either white, cream-colour, or a

brown much paler than the ground colour. In large examples this

margin may measure from :|^ to ^ an inch in width. In a few fish,

however, in all cases small specimens, I have seen the spots as

numerous, and of as bright an orange as one finds in Dogger fish,

and I have reason to believe that the colour of the spots is not,

as might be expected, dependent on that of the ground. This

description applies, of course, only to dead fish, which would not

show any mottlings that may exist in the ground colour during life.

In 1892 the fish were found in abundance at Ingol's Hoof from

the beginning of June until the end of July, when a trawler who
went there could find none. They seem, however, to have shortly

returned. The other grounds were not worked in the beginning of
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the season^ but yielded plenty of fisli in July and August. After

that the boats ceased to go there^ and whether the fish remained on

the grounds or not is unknown.

Haddock form an item no less important than the plaice. They
appear to have been very abundant the whole time the trawlers were

at work. They are of great size, the extreme length of those which

I have measured in 1892 being 19 and 33 inches,* though no doubt

both larger and smaller fish occurred. I should say that a North

Sea haddock seldom attains a length exceeding 27 inches, whilst fish

of only 10 inches are often thought worth bringing ashore. Without

having submitted them to very minute comparison I can only say

that the points in which Iceland differ from North Sea haddock

appear to be only such as are dependent on the growth of the fish.

They exhibit a very strong ridge in front of the first dorsal fin, and

the lump in front of each eye is very j)rominent, but an approach to

this condition is always apparent in the largest North Sea fish.

The witch (P. cynoglossus) is, I suppose, the next important

species. On the whole I concluded that Iceland fish were rather

smaller than their North Sea allies ; they are also much darker in

colour, and would appear to extend into more shallow water.

Common dabs are, on the whole, considerably larger than North

Sea fish, though I have occasionally noticed a specimen from the

latter region as large as any from Iceland. In colour the northern

representatives are a very dark sepia, devoid of spots or markings

in the condition in which they reach this country. When long

rough dabs have been brought in they have been of very large size,

and similar in colour to the common dabs.

Not very many halibut were trawled at Ingol's Hoof, and such as

were taken there were mostly of good size. On some other grounds,

however, small fish, 14 inches and upwards, seemed rather abundant.

Megrim [R. megastoma) attain a very large size, but not, I should

say, larger than in the Irish seas. I was told by the skipper of a

trawler that they were chiefly caught in shallow water near fresh-

water outlets. This is in marked contrast to the habitat of the

species on our own coasts, but every student of ichthyology knows

that the vertical distribution of a fish is often found to vary with the

horizontal.

Whiting are very large, and, I believe, in good condition when

caught, but as this fish requires to be very fresh to be valuable, it

is not likely to form an important feature in the Iceland fishery.

Norway ''haddock'^ {Sebastes liorvegicus) appear to be very

abundant, but in 1&92 only those taken in the last few hauls were

* The fish from Madam Piper's Bay are rather smaller than those from the otlier

groumls,
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brought ashore, while in 1893 very few were lauded at all. They
ranged in size from 11 to 22 inches, the last being much the nearest

to the average size. I was at pains to find out whether smaller

specimens than those brought ashore were met with, but have only

heard of one, which was brought to me, and measured about 7 inches.

Day says the species attains a, length of 4 feet, but no examples were
met with by our trawlers larger than the size I have indicated.

The colour is a reddish orange rather than scarlet, and the opercular

spot is very faint. No transverse markings are apparent in the

dead condition. They thus differ somewhat from the smaller speci-

mens which are occasionally brought in from the neighbourhood of

the Great Fisher Bank, and from the single small Iceland specimen.

These agree in colour with the descriptions of S. viviparus, doubtless

a synonym of the same species. As long as the Iceland fish con-

tinued to be brought in I found no marked change in the condition

of the reproductive organs. The sperm-sacs in the male were
charged with milt, and in the females the ovaries were small and
flaccid, containing ova in various stages of development, but unripe,

and a few larvae, the bulk of the brood having apparently escaped.

Cod appeared to be in rather poor condition when landed, but

this may have been as much due to want of space to pack them
properly as from any other reason.

The skate which I examined corresponded for the most part with

the descriptions of Raia macrorhijnc}ius, but I was unable to satisfy

myself that there were anything but varieties of B. hafis. The
same applies to all specimens of the larger species of Raia which I

have seen brought in, whether by trawlers or liners, from the Iceland

and Faroe grounds. Though there is infinite variety, so many
intermediate forms occur that I have so far found no characters that

denote the existence of more than one species. R. alba and
R. oxyrJiynchus are not represented, and I have not been able to

detect R. nidrosiensis (Collett), if it has occurred.

Present Condition of the Industry.

It must be admitted that at present the Iceland trawl fishery

has not been a great success from a pecuniary point of view,

and it may be feared that if "continued on the existing lines it may
even deteriorate. The fishing grounds lie 900 miles from the mouth
of the Humber, and the voyage thither consequently takes about 90
hours, ten knots being considered a very fair speed for a steam
trawler to maintain during a long run. The utmost coal-carrying

capacity of a boat, even when the fish hold is utilised as a bunker,

and as much coal as the Board of Trade officials will permit is piled
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upon the deck, is for about three weeks' consumption. Consequently,

the run to and fro occupying about a week and half a day, there

remains at most only about a week for fishing operations. This, never-

theless, has been found quite enough to fill the ship, and indeed

some vessels have landed large catches after only twelve days'

absence. The Danish, and other continental steam trawling vessels,

are rather larger than our own, and can therefore, I suppose,

remain at sea for a longer period, but our fishermen consider that

any advantages that may be gained by increasing the size of

vessels are more than counterbalanced by the injury which a large

vessel is apt to inflict on the trawl in a heavy swell. This distrust

may ultimately be overcome, since we know that similar fears which

manifested themselves at every increase in the tonnage of smacks

have never been realised.

There have been two causes which account chiefly for the poorness

of the pecuniary results of the Iceland venture—the great size of

the plaice and haddock, and the poorness of quality of the former.

This last character was especially noticeable in 1892. The spawning

season off Iceland is much later than with us, many fish spawning

as late as June. Consequently the plaice first landed last year were

for the most part recently shotten, and they had hardly recovered

condition to any appreciable extent before the season closed. More-

over they were only landed during the time when fish of all sorts

were tolerably abundant, and had to contend in the market against

great quantities of much smaller examples of theirown species from the

eastern grounds. It might be thought, after all the clamour that

we have heard about the diminution in size and numbers of North

Sea trawl-fish, that a good supply of large specimens would be

welcome, but it is one of the most regrettable features in the trade

(in view of the facility for obtaining legislation based on the

size of fish landed), that very moderate sized or even small fish are

in far greater demand than large ones.* Thus in 1892 the Iceland

plaice could only fetch from 8s. 6d. to lis. per box, though the

boxes were piled so high that none could have contained less than

10 stone ; as much or more could often be obtained for a box of

small fish from the eastern grounds, and if the condition of the

Iceland plaice left something to be desired, most assuredly that of

the others was not much better.

Against the haddock nothing could be urged except that they

were too big, the quality being undeniably splendid; yet in 1892

they were even less remunerative than the plaice. Boxes of 10 stone

sold for eighteenpence or two shillings, and seldom brought as much
as three shillings. Since I have been at Grimsby I have seldom

* Vide infra, p. 139,
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known the smallest North Sea haddock fetch so little, though they

are often none of the sweetest.

The " Norway haddock " also found a very poor market, but that

is no more than could be expected in the case of a fish quite new to

the consumer, and possessing, at least according to my own taste,

but little intrinsic merit. They seem to me to resemble sea-bream

more than anything else, but have less flavour and are drier. Still,

being worth about 46-. a box, they paid the fisherman in 1892 better

than the haddock, though it is probable that if brought ashore in

larger numbers the market would soon have been glutted. In 1893,

though as abundant as ever, very few indeed were brought ashore,

in consequence, as I suppose, of the failure of an attempt to cure

them during the previous year.

Taking advantage of the early summer of the present year, a start

was made in April, the first boat landing its catch on the 14th. A
very marked improvement was noticeable in the condition of the

plaice, which were mostly fine firm fish, not yet ready to spawn, but

as large as any that were brought in last year. The haddock were

also in good condition, and as there was a good demand for fish,

there was a ready sale. The plaice fetched 50s., and the haddock

9s. per box. This seemed to promise better business for the Iceland

boats, and it was not long before other " voyages " were landed, but

the price was not maintained. Thus on the 2nd May plaice fetched

only 176'. 9d., and haddock 4s. per box, but witches found a ready

sale at 27^. 6d. Prices remained about the same throughout the

month, but in June we find plaice as low as 9s. 9d., and never

higher than 15s. The change is, of course, due in part to the

greater abundance of fish in the market, and in part to the deterio-

ration of the quality of the Iceland plaice, many of which were by

that time shotten. Good prices were still obtainable for witches,

but the haddock were driven out of the market, and it became the

practice of fishermen to heave overboard all haddock except those caught

in the last haul. Witches acquired an importance which they had not

previously been suspected of, and the success of an Iceland voyage

depended greatly on the quantity of that species landed. Cod con-

tinued to be brought ashore in considerable numbers, but, whatever

their quality, the appearance of this fish after it has been some time

in the fish-hold becomes unattractive, and I have known Iceland fish

sell for only 8s. per score.

It is only natural that fishermen should have made endeavours to

procure Iceland plaice more in accordance with market reqviirements

than those with which I have been dealing, and in this they have

been to some extent successful. I have seen several " voyages " of

fish similar in size, and to a great extent in appearance, with ordinary
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North Sea plaice ; some of these were avowedly taken in fjords,

where fishing by vessels other than Danish is illegal, and, though

the fishermen observe a certain reticence on the subject, I have no

doubt that all the small fish landed were caught close inshore.

They commanded a ready sale at a remunerative price, but I am
inclined to think that the prospects of the fishing are by no means
improved by this circumstance. Though large enough by standard

of North Sea fish to escape criticism, it is probable, taking into

view the large size attained by the species in northern waters, that

they are chiefly young and immature fish, the destruction of which

is rather to be deplored, whilst any extensive poaching on Danish

preserves in Iceland seems likely to hinder an understanding with

that power which may become necessary with regard to other areas.

Comparison with North Sea Grounds.

The opening up a virgin trawling ground at a time when public

(including scientific) attention is so much directed to fishery questions

is of peculiar interest, since by watching its development we may
be able to form a judgment as to the correctness of theories deduced

from such accounts as we possess of the earlier history of the grounds

off our own coasts.

These accounts are extremely meagre, consisting as they do of

the reminiscences of a generation of fishermen which is now fast

disappearing. Moreover to some minds they are prejudiced by the

rather general idea that the conditions of the seafaring profession

are not altogether unfavourable to the development of the imagina-

tion, and that the grain of salt proper to the assimilation of pisca-

torial narratives is not a small one.

Nevertheless there are certain facts which appear with remark-

able regularity in all narratives, whether of those who actually

witnessed the occurrences, or received them from their immediate

predecessors. To take the Dogger Bank, which, as essentially a

plaice and haddock ground, is well suited for comparison with the

Iceland trawling grounds, I am given to understand on all hands

that when the trawl was first used there an extraordinary number of

large plaice were taken : they were not so large as the Iceland fish,

nor in fact, so far as I can learn, any larger than some few which

are still to be got in the same place ; but the quality was very poor,

and (Mr. G. Alward is my authority for this statement) the spots

were brown and not red. Fishermen called them " elephants' lugs
''

in derision.

As trawling was continued a great improvement in quality was

noticed, " shoal " fish becoming, as they have since remained,
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notable for their prime condition, and (again on Mr. Alward's

authority) the improvement was accompanied by a change in the

colour of the spots. It was some years before any scarcity of fish

became noticeable, and when such scarcity induced fishermen to

explore new grounds—e. y. the Brown Bank and some of the east

coast grounds—the same phenomena were experienced so far as plaice

were concerned.

There is thus a consensus of experience that trawling at first

improves the quality of plaice, but that this process may be carried

out with such hearty good-will that the fish incur the danger of

being improved off the face of the earth, is an axiom which does

not find such universal acceptance. Trawlers appear to consider

that the action of their gear in stirring up the bottom and

uncovering molluscs, worms, &c., is the principal cause of the

improvement in plaice, but there is perhaps a more probable

explanation.

The plaice is a fish which, after attaining a certain size, is little

subject to the attacks of other species ; in fact, I do not recollect

ever to have found the remains of this fish in the stomach of any

other, though I know that it occasionally falls a prey to the angler

{L. piscatorius) ; nor can I find, by watching their habits in

captivity, that plaice are much given to molesting each other.

Consequently, on a ground which is never fished, it might well be

that plaice would increase to such an extent that they would

overtax the food supply, and, under such conditions, they would be

of very poor quality. Seeing that the action of the trawl is

infinitely more destructive to the plaice than to the organisms which

form their food, trawling would at first, by thinning the numbers of

the fish, increase the supply of food available for the survivors, and
allow them to get into better condition than they were before.

But as it is quite evident, if this theory is correct, that the quality

is only raised at the expense of the quantity, it follows that unless

this process is exercised in moderation the result must finally be

disastrous. Nevertheless, in the face of universal experience to the

contrary, there may yet be found those who assert that the more
you trawl the more fish there will be.

As to the condition of the haddock in the early days of Dogger
trawling I have no very definite information. They were very

abundant, but I have not heard that they were of inferior quality,

except on a ground lying to the east of the Dogger ; there it appears

that the objectionable smell of the viscera, due, no doubt, to the

organisms on which they fed, was the worst fault that could be

urged against them. The truth is that haddock were so utterly

worthless to trawlers until a curing establishment was started at
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Hull some time in the forties, that little or no attention was paid to

them ; they were amongst the perquisites of the apprentices, and

this circumstance may have prevented them from being thrown

overboard in very great numbers, but certainly many of them must

have been treated in this way. I have endeavoured to show in the

last number of this Journal that it is of little use returning trawled

haddock to the sea, and there can be no doubt but that the

shovelling overboard of large quantities of dead fish is injurious to a

fishing ground. We may suspect, indeed, that this practice, which

was extensively carried out in the case of small plaice, on some, at

any rate, of the North Sea grounds, may have had its share in the

diminution of the general fish supply, and it is matter for the

greatest regret that it has been commenced, in the case of large

haddock, on the Iceland grounds. It is hardly to be supposed that

much effect would be felt as yet, but it is a fact that the liners can

no longer get their fish on the grounds where the trawlers have

been at work this season, and I am inclined to think that they, the

liners, are right in attributing this circumstance as much to the

fouling of the bottom with great quantities of dead haddock as to

the disturbance caused by the trawl. As I have said, no improve-

ment is possible in the condition of the haddock, and we must look

to market considerations only to check the present waste of large

specimens ; but in the case of plaice I think we may reasonably hope

that a slight diminution by trawling may effect an improvement in

condition, and should this be attained, and the grounds be not unduly

fouled, the climatic conditions of the locality not less than its

distance from the markets may probably, by providing a most

efficient close season, suffice to avert for many years the final and
disastrous stage arising from over-fishing.

Alleged Gaufie of Low Prices.

A few words as to the apparent causes of the low price of Iceland

fish may not be out of place. I have made inquiries amongst
members of the buying fraternity most interested in the matter, but

I fear the relations of supply and demand in fish are beyond the

comprehension of the lay mind, and can only give the facts as they

are told to me, with such comments as may occur.

The Iceland plaice are too large to be sold fresh, and have

therefore been mostly drysalted and sent to Holland and Germany,
but they are difficult to cure, being very watery, and do not sell well.

Granting the present poorness of quality, which we may hope to

see disappear as the fishery develops, I do not understand why it

should be ncessary to cure and export them. If the demand for
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cheap fresh fisli in our own country is a genuine one, it is surely

possible to place these fish, which only cost the buyer something less

than a shilling a stone, before the consumer at a price at which the

latter would not complain, and which would yet leave to the former,

and also to the fishmonger, a decent margin of profit. There seems

no difficulty in disposing of undersized fish, of which the quality is

certainly not better.

As to the haddock, I am informed that they are too large for

smoking, for this reason,—that it is impossible to place a smoked

haddock of that size on the market for less than sixpence (though it

may be remarked that it only cost the curer about a penny when
fresh) ; and that the consumer, who for the most part belongs to the

poorer classes, has usually only a penny or twopence to spend, for

which sum he can obtain a small cured haddock. The retailers will

not cut up the fish, because it spoils the appearance and lowers the

price. I am told that most of the Iceland haddock brought here in

1892 were split, drysalted, and exported, but that the profits were

infinitesimal.

In the fresh condition, available, as they were in 1892 and will

probably be in most future years, only in the summer, Iceland

haddock have to contend in the market with the immense supply of

herrings prevalent during that season. There is no doubt that they

would sell splendidly in the winter, and even later in the autumn I

am told there would be a good market for them in Rotterdam.

Line-caught fish suffer from the same competition, and I have seen

285 from 21 to 30 inches in length sold on the 13th September for

twenty-five shillings, the seller informing me that he could confi-

dently reckon on getting a shilling each for such fish a month later.

For myself I cannot but think that they could be placed on the

market in the fresh condition at a price at which they might

compete favorably with the herring ; and the only conclusion I can

form on the whole matter is that the producer and consumer would

find it to their mutual advantage to be brought into closer relation-

ships.

Though not to any great extent a product of the trawl fishery,

there is another northern species to which I would like to advert

here briefly, viz. the tusk {Brosmius hrosme). Great numbers of

tusk are caught by our liners on the Faroe grounds all the year

round, and on the Iceland grounds during the time they are worked,*

but the fish are seldom brought ashore except in the winter, as that

is the only time when they command a sufficiently high price to make
it worth the fisherman's while. Nevertheless the tusk experiences

no immunity in the summer, being the unfortunate possessor of a

* I am told that in these latitudes tusk come into quite shallow water.
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very large liver, wliicli goes to fill tlie liver cask.* There is thus a

most regrettable waste of good food.

Dr. Griintlier originally directed my attention to the impossibility

of procuring this fish, which he, with reason, considers one of the

best that swims, in London, and I find, on inquiry, that they can

only be sold either to workhouses and such institutions, or to fish-

hawkers who take them into the country and dispose of them under

the name of " Deep-sea Ling.^^ This vernacular name is at least as

apt as that by which they are known to naturalists and fishermen in

this country, torsk or tusk being etymologically identical with Celtic,

Grerman, and Scandinavian names applied to the cod and some of its

congeners.

If the merits of this fish as an article of food were more widely

recognised it could not but be beneficial to the industry, and would do

awaywith the almost wanton waste that now takes place in the summer,

whilst the advantage to the consumer would be commensurate.

In this connection it may be interesting to glance at the fate of

certain other fishes after they reach the market. Every one knows

that the parts of the skate which appear at table are the wings or

pectoral fins, but it may not be so generally known that the removal

and preparations of these wings is a separate though small industry,

and that the only consideration received by those engaged in it is

the refuse of the skate, viz. the head, abdomen, pelvic fins, and tail.

Nevertheless the business is said to be a paying one. After the

wings have been removed there remain certain lumps of flesh on the

carcass, those of most account being the masseter muscles. These

are carefully removed and disposed of to fried-fish shops as " skates^

nobs,^' a delicacy much in favour with the patrons of such

establishments, and reputed to possess the peculiar virtue ascribed

to skate's flesh in its greatest degree. I believe, however, I am
betraying no secret in remarking that there may be ingredients in

the preparation which are not mentioned in its title. Cat-fish

{Anarrhichas lupus and A. minor) are prepared for transmission to

the fishmonger by removing the skin and head, and in this instance

again the refuse is the recompense of the operator, who cuts out

the very large cheek muscles. The tail of the monk or angler

{Lophius piscatorius) when skinned and cut up into lumps is not

unlike the flesh of the skate ; at all events, like the fragments of

Anarrhichas, it is used to adulterate " skates' nobs,'' and I do not

know that the latter are considered any the worse for it.

* The livers and roes of fisli are about the only remnants of the old " stocker-bait," the

perquisite of the inferior members of the crew. It may not be generally known that

haddocks were once included in this term. Livers fetch about 10s. and roes about 6s. per

cask. The former are not infrequently adulterated with Actinoloha dianthus !
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Coal-fisli {Gadus virens), wliether from liners or trawlers, are

common enough in Grimsby market, and the trawlers often bring in

a few large pollack {G. pollachius) , the largest I have measured

being forty-three inches in total length. Both of these species are

extensively bought by country hawkers, who scrape off the scales,

and find a ready sale for them under the title of " white salmon.''

Conclusions.

To return to matters more essentially germane to the subject

under discussion in these remarks, I would submit that the present

condition of the Iceland trawl-fishery forms no insignificant argument
for preventing the destruction of undersized fish. I think it will

be admitted that if the market could once be cleared of the

immense quantities of small plaice which flood it during the summer
months an improvement of price for full-grown fish, by no means
confined to that species, would be one of the first results ; at the

same time the large quantities of haddock, torsk, &c., which are at

present wasted, would, by becoming moderately profitable to the

fisherman, serve to supply the market sufficiently to prevent any
undue strain on the purse of the consumer; at the same time the

present practice of fouling the Iceland grounds with dead fish

would be checked, to their incalculable benefit. It matters little by
what means the sale of small plaice is prevented so long as it is

done effectually ; and though I see no reason to alter my opinion that

the enforcement of a reasonable size-limit for flat-fish is the most
feasible plan, I am quite prepared to bow to the superior wisdom of

those in favour of geographical restrictions, whenever, by such

means, their object shall have been attained.

I have before this endeavoured to show that the size-limit for

plaice which I have recommended would have the same result as the

geographical restrictions generally desired in closing the eastern

grounds of the North Sea to trawlers ; and if this object is attained,

by whatever means, it becomes apparent that we must look for an
outlet for our boats during the summer months. Such, in my
opinion, is offered by the Iceland grounds, and, as we have seen, the

steam trawlers have largely availed themselves of it. It cannot be

denied, however, that smacks working there would be liable to risks

which at present are more or less prohibitive. It is a dangerous

coast, apparently not too well charted, subject to fogs, and hardly

lighted at all. It is a great distance from our ports, and it is

absolutely impossible for a vessel which may be disabled there to

refit without sending for supplies from home. It appears, therefore,

that whilst single boating would be out of the question, smack-ownera
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could hardly think of sending their fleets there without establishing

depots on the island and arranging for some improvement in the

lighting during the fishing season. The establishment of depots

would of course bring profit to the inhabitants, and for this con-

sideration the Government of the latter might perhaps be induced

to undertake the duties of lighting and of improving the present

harbour accommodation, which is, I understand, of the scantiest. I

make these suggestions with all due deference, since those engaged
in the North Sea fishing trade are about the last persons to be

accused of a want of enterprise or of incapability of safe-guarding

their own interests ; but I have no doubt that the check on the fish

supply of the North Sea, which, until the beneficial action of such

has time to make itself felt, must ensue from legislative action, or, in

the absence of that, the continued depletion of the grounds, will

before long result in the establishment of Iceland fleeting during

the summer.
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Letter from Wilfrid T. Grenfell, Esq., M.R.C.S.,

Superintendent of the Mission to Deep Sea Fishermen.

At tlie request of the Secretary I venture to send you a brief

account of the voyage we made last year in the smack ^^ Albert '^97

tons register^ belonging to the Council of the Mission to Deep Sea

Fishermen.

We sailed from Yarmouth on June 15th and returned on December

Istj having sailed to St. John's in Newfoundland^ along the coast to

Labrador and as far north as Hopedale, thence south again and up

the Straits of Belle Isle, visiting almost all the fishing stations, and

returning by St, John's direct to Yarmouth. The return journey from

St. John's to the Start Lighthouse was accomplished in only twelve

days.

Your Society, through the Director of the Plymouth Laboratory,

furnished me with three deep-sea reversing thermometers, and one

instrument for bringing up specimens of bottom water. We used the

thermometers on wire with Basnett's patent deep-sea sounder, but

this was only gauged up to 100 fathoms, and, not having any line

suitable for the thermometers on board, I was unable to take any very

deep soundings. Moreover, the work was new to me, and until I

was joined by Mr. Adolph Nielsen, the Superintendent of Fisheries

for Newfoundland, I had, I am sorry to confess, not realised the

value which soundings might have. In the Eeport of the Fishery

Commission of the colony the scientific work carried out is fully

detailed, and for those who have not access to that little book it may
be worth whilemy summarising the general conclusions arrived at, espe-

cially as to the results to be anticipated from a more extended series

of observations, and as to the lines on which these should be made.

We added to that work surface temperatures across the Atlantic

both ways, and on our return journey were only prevented by ex-

tremely boisterous weather from recording deep-sea soundings also.

The observations I have forwarded to the Plymouth Laboratory.

Captain Sir Baldwin Walker, R.N., has since shown me some inte-

resting records he made during four years on the Newfoundland

coast in H.M.S. ''Emerald," but he regrets greatly that the Naval



144 LETTEE PROM W. T. GBENPELL, ESQ.

officers along these shores have no reversing thermometers for deep-

sea work. Without any doubt repeated observations made all round

the coast would become of the highest value.

The very life of the colony is at times imperilled by the critical

condition of the fisheries,—lobsters failing, seals not being found,

herring not reaching the coast, and cod vacating their normal haunts.

Poverty, misery, and want, with great loss to merchants as well as

fisher-folk, result, a great deal of which might apparently be avoided

if more were known about the movements of the fish, of the bait, and

of the Arctic and Gulf currents, which seem constantly to be varying,

and may account often for most unexpected failures.

The resident English fisher-folk along the coast number some

5000, while every summer about 25,000 to 30,000 men, women, and

children flock from Newfoundland to catch cod on the Labrador

coast. They remain from three to four months, returning only

when compelled by the sea freezing over.

I must be categorical in my description of these people in order

to convey succinctly an idea of this peculiar fishery.

The coast is rugged and broken, the country barren and inhos-

pitable. Eight months in the year both sea and land are completely

ice-bound. No domestic animals but dogs exist, and no vegetables

can be grown, except a chance potato or cabbage in the very

extreme south.

The people have no legal representative whatever, though a Custom-

house ofiicial visits the coast in the summer in a small schooner, and

is also empowered to act as a magistrate. If a criminal wishes to

be tried he could with some difficulty manage it.

The schooners which bring the people form a very assorted fleet,

and carry a mixed crew of men and women, besides more or fewer

passengers who have no boats of their own to come in. These

latter huddle into the main hold on the top of the salt, fishing gear,

and stores. These boats are not surveyed before starting, and do

not all clear from any custom house. More surveyors and better

arrangements are urgently necessary.

Once on the coast, mud huts and small stages are erected, the

merchants' agent or a large fish planter generally having a larger

stage, and a store of goods near the people he has " supplied."

A universal truck system exists, and at the end of the summer
the dry fish are " weighed in " in quintals (hundredweights), and go

to pay off the outfit advanced in spring. The fish are caught on
" jiggers," two hooks back-to-back, or in cod traps, which are

simply submerged rooms of nets ; but squid, caplin, or launce are

used for bait when obtainable.

The cod is successively '' throated," " headed," " split," " salted,"
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and dried in the sun_, and then sent to Mediterranean, English, or

Brazilian markets.

The people are a fine, tall, well-built race, brave to fool-hardiness,

and generous and hospitable to a fault. Accidents and sickness are

by no means uncommon ; I have always found the people dividing

up orphaned children among themselves, and even Esquimaux

rearing the orphans of English settlers.

They experienced this year epidemics of diphtheria and influenza,

the people dying in many parts without any possibility of getting

medical assistance. No doctor resides anywhere on the coast.

Their hospitality to one another in the winter, when all the

country is cut off from the civilised world, brings them occasionally

to the verge of starvation.

The causes leading to the summer migration are :— (1) The decline

of the Bank Fishery and the French and Canadian bounties
; (2) the

depletion of the inshore cod and lobster fisheries
; (3) the monopoly

of the winter seal fishery by the large steamers of the merchants^

firms
; (4) the crippling of any development of agriculture or mining

by the French treaty rights on the shore. It is interesting to note

that not more than 500 Frenchmen find it worth their while to fish

in summer on the Newfoundland coast, and yet to preserve that

exclusive right the only possible resource, in the case of the failure

of the fisheries, is entirely destroyed in this, our oldest British

colony.

The following is a summary from Mr. Nielsen^s report. First of

all, he shows from his Norwegian experiences that codfish do seek

waters of a certain temperature
; (2) that these temperatures can be

ascertained
; (3) that by the use of deep-sea thermometers more

successful fishing can be ensured than by haphazard work
; (4) that

the fishermen in the Lofoden Islands have used these instruments

with great success
; (5) that codfish in different countries learn

to endure different temperatures within certain limits
; (6) that

cod thrive between 34° and 52° F., that outside these limits

they get drowsy and stop feeding, but do not necessarily lose in

condition or flesh
; (7) that cod quickly perish from cold when the

temperature sinks below 31° F. Moreover fishermen on the coast

said that they could have filled their nets and vessels with codfish in

this stunned condition at some places off the Labrador coast if they

had had a cod seine, and at the same time they lost their

summer's ''fare" of fish, because the cod would not feed. At
times in the stomach of these fish lumps of ice are found, probably

frozen after death. Mr. Nielsen sums up as follows :

—

" The
meteorological condition of the waters has a most effective influence

upon the habits and movements of the fish and bait, and is a very
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important factor to take into consideration in the prosecution of the

fisheries on the coast of Labrador. I feel certain^ therefore, that

the use of deep-sea thermometers in the Labrador fisheries would be

of the greatest advantage to all interested in this industry

in finding and locating the fish after the fishermen once learned

how and where to use them, and by experience had obtained the

required judgment and knowledge of the habits and movements of

the cod in waters of various temperatures in the different localities

on the coast."

Indeed Mr. Nielsen eventually proved most successful as a pisca-

torial prophet, and could tell the fishermen who took us around on the

banks where to fish with most success. He based his prophecies on

the fact that uneven bottoms with lively vegetation and a rotatory

current, where the temperature ranged between 36° and 39° F., and

the specific gravity between 1*026 and 1*027, were the best.

The water off the coast never exceeds 46^° F., even on the hottest

summer day, and in some places we found layers of hot in cold

water, varying at different depths, or again at short distances apart.

Thus in one place at the bottom (110 fathoms) the temperature

was 31-7°, at 100 fathoms 36°, at 80 fathoms 31°, till at 15 fathoms

it again became warmer. Thus the fish would be stunned from 15

fathoms, and would feed and live at 100 fathoms down.

What is the source of the hot water ? Is it from (1) hot springs,

from (2) uncharted branches of the Gulf stream, from (8) unknown
far-north warm sources, or from (4) land-water as rivers ? What-

ever is the source the great rush of thousands of fisherfolk to be

first in following up the retreating ice of winter is sufficient to prove

that cod are found far north, where we are apt to think no fish

could exist, and that as they get further north the fishermen have of

late years found the cod more abundant. It is thought on the coast

that not only the cod but also the herring, which have been disap-

pearing from southern Labrador of late years, are working further

and further into Arctic regions. There seems little reason to doubt

at any rate that the movements of the herring and caplin, which are

the food of the cod, are largely influenced by meteorological condi-

tions, as well as the other food on which in turn these fishes feed.

It was remarkable that at Okak this year the vessels fishing were

almost " clean," getting no fish at all, while both north and south

of that station good catches were made. Perhaps had they had

thermometers they could have foretold this result and saved their

voyage. Possibly a temporary inset of some cold current from a

change in the formation of the bottom would account for this.

In the Arctic current we found numbers of specimens of animal

life, and under stones and in small pools on the shore there were
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abundant evidences of organic life. Our preparation^ however, both
for collecting and storing had been very insufficient, and not much
was done in collecting with surface nets or dredges. We sail again
about May the 30th from the west coast of England, but we shall

again be greatly hampered on so broken and so badly charted a coast,

as the necessary funds have not come to hand to allow of the pur-
chase of a small steam launch to tend the vessel.

W. T. Gkenfell.

Council of the Marine Biological Association.

Note.—Mr. Grenfell, who made surface collections for the Associ-

ation some time since (Journ. Mar. Biol. Ass., Vol. I, p. 376), and
was supplied by us with deep-sea thermometers for his last voyage,
left England again in May for Newfoundland and Labrador, taking
with him apparatus for a more elaborate scheme of work ; it is

hoped that his observations will throw further light on the move-
ments and habits of the cod as affected by their food, &c. For such
observations no better locality could be selected than the Newfound-
land banks.—G. H. F.
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The Life-history of the Pilchard.

By

J. T. Cunniiigham, M.A.,

Naturalist to the Association.

We have recently begun to receive from tlie French Ministere de

la Marine a monthly journal entitled Peches Maritimes^ and published

as a supplement to the Revue Maritime et Coloniale. The number
for August of this journal commences with an article on La hiologie

de la sardine, by M. Paul Guery. This article consists chiefly of

summaries of the researches of four zoologists on the reproduction

and life-history of the sardine. We have the summaries given

under the following headings :

1. Le laboratoire de Concarneau. Opinion de M. le Professeur

Pouchet.

2. Le laboratoire d^Endoume. Opinion de M. le Professeur

Marion.

3. Laboratoire de Plymouth. Opinion de M. Cunningham.

4. Opinion de M. le Dr. Henneguy.

In the first section it is stated that in Professor Pouchet's opinion

the sardine is a fish of the high seas, attracted to the coast neither

by hunger .nor the reproductive instinct, but whose migrations are

determined by the wandering instinct characteristic of pelagic

species, and are subject at most only to influences of temperature.

It is pointed out that, according to M. Pouchet, we know nothing

concerning the life-history of the sardine.

Then Prof. Marion's conclusions concerning the Mediterranean

sardine are described with this difference, that, whereas no observa-

tions made by Prof. Pouchet are mentioned, some account is given

of the observations of Prof. Marion on which his conclusions are

founded. It cannot be said that full justice is done to these obser-

vations, no mention being made of the eggs found in the sea, and

identified by Prof. Marion as those of the sardine, but we must

make allowance for the restrictions of space.

No objection can be taken to the summary given of my own
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observations, as publislied previously in our Journal^ except that

after tliey have been correctly quoted they are called theories

which differ from those of Concarneau. M. Henneguy has studied

the question whether any relation could be discovered between the

varying abundance of sardines and variations in the abundance of

any pelagic organisms which form their principal food. His results

were negative.

The commentary by the writer of the article upon the publica-

tions which he has summarised is remarkable and surprising. He
says the contradiction between the results reached on the one hand

at Concarneau and on the other at Plymouth and Endoume is a

matter for anxiety as to the reality of the progress made. One is

obliged, he says, to accord the same degree of confidence to the

statement of men who devote to the service of truth the same zeal,

the same loyalty, and the same knowledge. And yet they contradict

each other, and the conclusion drawn is that laboratory work is not

adapted to solve the problem of the biology of the sardine. This,

it seems to me, exemplifies the erroneous way in which scientific

evidence is usually regarded by practical men, whether on boards of

authority, commissions of inquiry, or in courts of justice. The opinion

of one expert is weighed against that of another, and the only com-

parison by which they are judged is the reputation and authority of

their respective authors. Therefore if two experts of equal reputa-

tion give contradictory opinions the result is zero. Now it is

perfectly obvious that the reputation of a man should depend on the

truth of his conclusions and not vice versa, and that in a question of

evidence the reputation of the witness is of no importance if he has

no evidence to give. But the difficulty is that in the experience of

men of affairs scientific methods and scientific knowledge are so

completely excluded that they cannot give due weight to the facts

on which opinions are based, and cannot therefore judge whether

one opinion has more foundation than another. In the question of

the reproduction of the sardine, which to anyone familiar with

researches on the life-history of fishes is not so wonderfully com-

plicated, the fact that Prof. Pouchet has not seen the ripe eggs of

the fish, or the ripe fish themselves, does not in the least invalidate

the observations of those who have seen them, namely. Prof. Marion

and myself.

' However, I have recently been able to add to the observations I

have previously made on the reproduction and development of the

pilchard. This year I have for the first time obtained artificially-

fertilised eggs, and hatched the larvae in the laboratory, and suc-

ceeded in rearing the larvee for several days after hatching.

The eggs were taken from ripe fish obtained on the night of
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September 5tli, ten miles south of the Eddystone, by the crew o£ a

Plymouth boat^ to whom I had given bottles for carrying the eggs

and instructions for dealing with them. Usually ripe pilchards are

caught in mackerel nets, pilchard nets not being often used at a

sufficient distance from land during the season when pilchards spawn,

but in this case the boat was using pilchard nets and fishing for

pilchards. The total catch amounted to 2,200 fish, but only a few

of those were ripe. In the bottles when brought to me there were

a considerable number of dead eggs at the bottom, but several thou-

sands of living ones floating at the surface of the water. These

were fertilised and developing, the blastoderm having extended

already half round the yolk.

The characteristics of the eggs I have described in previous

papers. In these, the divided yolk, single oil-globule, and large

perivitelline space were present exactly as in the eggs obtained from

the sea, or the unfertilised eggs taken on previous occasions from the

fish. A drawing of one of these eggs actually taken from the pil-

chard and artificially fertilised, agrees in all respects with the figure

which I published as the egg of the pilchard in Plate 5 of Vol. I of

this Journal. But among these eggs I noticed one which presented

an interesting variation or abnormality. This egg is represented in

Fig. 1. It resembled the other eggs in all respects except one, namely,

that instead of the normal large space between the envelope or

Fia. 1.—Abnormal, but healthy, egg of the pilchard, having small perivitelline space.

vitelline membrane and the egg proper, there was a narrow space as

in the majority of other pelagic eggs, for instance the mackerel or

plaice. I once found an egg showing this character among those

taken from the sea by the tow-net, and thought it was the egg of

some other species, its parentage being unknown. It is now clear

that it represents an occasional variation in the egg of the pilchard.

I kept this egg separate until it was hatched, and found the larva
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hatched from it differed in no respect from those hatched from

normal eggs.

These pilchard eggs were placed in a glass hatching jar in one of

the laboratory tanks, and treated in the way described in my Treatise

on the Sole. The temperature of the water was 17° C, and its

density, 1026*5. The eggs all hatched on September 7th, only three

days after fertilization. The newly-hatched larvae agreed exactly

with Fig. 30, plate 5 of Vol. I of this Journal. The larva is 3*8 mm.
in length. Fig. 2 shows the appearance of the living larva seen

from above in its natural position, floating with the yolk-sac upper-

most. In this position little protuberances are seen on each side of

the body ; these are larval sense organs, such as are seen in the

larvae of fishes generally, and from them are derived the sense organs

of the lateral line, but in the adult pilchard these sense organs are

wanting, so that the larval sense organs evidently disappear during

development.

When the larva is first hatched the yolk is large, the mouth not

open, and there is no pigment, except a few black chromatophores

along the dorsal region of the body. The yolk diminished on the

second day, September 8th, and on the third day, September 9th,

the mouth was found to be open as a wide rhomboidal aperture on

the under surface of the head. A little yellow pigment and reflecting

substance was now present in the eye.

On the 10th, by the growth of the lower jaw and under parts of

the head, the mouth had become terminal ; the eyes were black and

opaque, and there were black chromatophores along the sides of the

body ventrally. The yolk was reduced to a very small remnant, and

with the absorption of the yolk the head region had become much
shorter in comparison with the rest of the body. On this day I

tried to feed the larvae with minute particles obtained from minced

worms, but they took none of it.

On the 11th I gave them some of the minute organisms obtained

by the tow-net, and also a little more of the worm food, and, on exa-

mining some of the larvae, saw some of the food in the intestine.

The food was particles of worm.

On the 12th, when the larvae were five days old, they were 5*5 mm.
in length, the yolk was all gone, and they continued to feed on the

particles of worm. Although I had the finest tow-net used, and put

the produce into the jar containing the larvae, none of it was ever found

in their intestines. The tow-net produce included minute Peridiniidae,

diatoms, worm larvae, &c., which I thought probably formed the

natural food of the larvEe, but they did not feed on it. On the 14th

there was evidently a diminution in the number of the larvae, and I

found that some had died and fallen to the bottom of the jar. During
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the days that they were feeding they were seen to '' peck '' at the

particles of food suspended in the water, and the food was seen in

the intestine as a white opaque mass contrasting with the transparency

of the body. On the 15th there were few left alive, and on the

17th only one was left, which I took out and mounted. Thus, the

longest time any were kept alive was ten days. In the oldest larvae

no great advance in development had taken place ; no indication of

the permanent fin-rays had appeared, but radiating lines in the larval

fin in the caudal region indicated the commencement of the primitive

fin-rays. The oldest larvae did not exceed 5*5 mm. in length in the

preserved condition, and very little shrinkage took place in the pro-

cess of preservation. Fig. 3 shows the condition of one of the larva

killed and preserved on September 16th, when nine days old.

In September I found that the Saltash men were fishing with

large seines for sprats, in the Hamoaze on the west shore, between

St. John's Lake and Millbrook Lake. Besides abundance of adult

sprats there were taken numbers of small fish of the character

of whitebait, and miscellaneous fish of other kinds, including a few

small mackerel, small bream, and Belone acus. On examining a

sample of the small clupeoids I found they consisted chiefly of

young sprats from 2^ to 3^ inches in length, evidently the produce

of the preceding spawning season in the early part of the year. But

there was also a small proportion of young pilchards, 2| to 4f
inches in length. These must be derived from the spawn shed in

the same year in the early part of the spawning period, that is to say

in the months of May and June. It has long been known that

sprats and herrings are found in estuaries at this age and size, but

pilchards have not hitherto been recorded in such localities in

England, nor I believe elsewhere on the Atlantic coast. Young
pilchards of this age are taken regularly, as described by Professor

Marion in the Annales du Musee de Marseille, 1890 and 1891, in the

Gulf of Marseilles by seines and other engines worked from or close

to the shore.
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The Ovaries of Pishes.

By

J. T. Cnnniiighaiii, 91.A.,

Naturalist to the Association.

In connection with tlie inquiries wliich I undertook at the

beginning of the present year into the question of the destruction

of immature fish I have been investigating since the issue of the

last number of the Journal the development of eggs in the ovary of

some flat fishes and the history of the ovary before and after

maturity is attained. I have made it my special object to trace the

history of the ovary from one spawning period to the next, in order

that it might be possible to understand more clearly than at present,

from the appearance of an ovary examined at any given time, in

what stage of development it was. Mr. Holt has made some

observations on this subject, and discussed them in his paper in the

number of this Journal for November, 1892. He states there that

the first approach to maturity in the ovary is denoted by an

enlargement of some of the ova, and the assumption by them of an

opaque condition. He terms those ova which have begun to get

opaque, " active," and those which have not, " inactive." In a foot-

note it is stated that the changes which give rise to the opaque condi-

tion are not the same in all species, but that they appear to possess the

same significance. Mr. Holt leaves undecided the question whether

all the active ova are expelled during the spawning period, so that

there is a period following the process of spawning when only

"inactive" ova being present, the condition of the ovary is not

distinguished by internal structure from that of a fish which has not

begun to breed, which is immature. He says that he has met with

no such condition in the plaice, but that dabs presented such a

condition in September after spawning about April. He says that

when spent plaice are examined the ovary always contains a number

of small active ova, in addition to a host of inactive, but he is

uncertain whether the " active " ova represent the early condition of

next season's crop, or only ova which, though they pass the inactive

stage, are absorbed without becoming ripe. Mr. Calderwood in his

paper on Fish Ovaries in the same number of the Journal dis-
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tinguishes the ova into three stages, the great, the small, and the

minute. The great are those to be extruded at the next spawning

season, and correspond to the " active '' ova of Mr. Holt^s paper,

while the small and the minute are the " inactive.'^ Scharff in his

paper in the Quart. Journ. Mic. Sci., 1888, on which Mr. Calderwood^s

views are largely based, describes the smaller ova and the larger

ova. The latter correspond to the '' active '' ova of Holt^s paper,

and Scharff describes the formation of yolk in them, but does not

deal with the process in relation to the periodic changes which take

place in the ovary.

A comparison of these papers shows that the history of the

formation of the yolk in the ova of fishes in connection with the

periodic development of the crop of ova which are shed at each

spawning season has not yet been thoroughly investigated. My
own observations show that the opacity which distinguishes the

active ova in Mr. Holt^s description is due entirely to the develop-

ment of the yolk. I will describe what I have observed in the

ovaries of various species, commencing with the plaice.

Of the plaice I examined in January some were ripe or nearly ripe

and some immature. In the immature ovary the ova are all

transparent, and when they are examined with the microscope in

the fresh state their structure can be clearly seen. Leaving aside

the tissue of the ovary, the stroma, which forms membranes round

the eggs, the egg itself is seen to consist of structureless transparent

protoplasm containing the nucleus, almost equally transparent, in the

centre. The nucleus or germinal vesicle is enclosed by a membrane
and contains the nucleoli, rounded bodies distributed at the periphery

in contact with the inner surface of the membrane. The appearance

of these young yolkless ova in the fresh state is shown in Fig. 1, a.

In the other fish which are mature, and which are about to spawn,

some of these yolkless eggs are present, but they are in small

proportion to the opaque yolked eggs which make up the bulk of the

enlarged ovary. The yolked eggs are so opaque that it is impossible

to see into their interior, but by examination of their surface the

yolk can be seen to consist of separate globules or spherules of

various sizes. In some specimens eggs which are very nearly ripe

and ready for extrusion are seen. These are more transparent, and
the transparency is seen to be due to a fusion of the yolk globules

into a homogeneous mass. When this takes place, and the egg
becomes ripe, the transparent mass of yolk occupies the whole central

region of the egg, and the protoplasm forms a thin layer surrounding

it. The germinal vesicle cannot be seen in the fresh ripe egg, but

it is well known that it is represented by structures which can

be demonstrated by appropriate methods in the external layer of

NEW SERIES.—VOL. Ill, NO. II. 12
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protoplasm. It is worthy of note that in the ovary of the plaice,

when spawning commences, the ripe eggs are scattered here and

there uniformly throughout the germinal tissue, not confined to

one place. In other words one part of the ovary does not get

ripe before another, but in all parts the eggs ripen in succession,

until all are shed.

Wlien all the eggs of the season have been shed the ovary is

found in a flaccid, empty condition, the germinal tissue on the walls

of the ovary being thin and containing much blood. The fish is

now spent. The first specimen I found in this condition last season

was obtained on January 28th. The specimen was 24 inches long
;

the ovary had not shrunk greatly in length, it was 7| inches long,

measuring from the anterior end of the ventral fin, and the end

of it was 4i inches from the posterior end of the same fin. In

the internal cavity of the ovary a number of detached, ripe eggs

were found ; these were dead, but fresh, and seemed to have shed

after the death of the fish. No ripe or nearly ripe eggs remained

in the stroma or germinal tissue of the ovary. When a portion of

this tissue was examined it was found to consist chiefly of trans-

parent, yolkless ova exactly similar to those seen in the immature

fish, but besides these there were scattered here and there singly,

ova which showed a thin layer of yolk granules round the periphery.

The appearance of the eggs from a small portion of the germinal

tissue is shown in Fig. 1. The yolked eggs were somewhat opaque and

a.

Fig. 1.—Eggs in the ovary of a spent plaice, a, yolkless ova; h, yolked ovum
destined to degenerate.

presented a dull, unhealthy appearance. The smallest of the yolked

eggs was '27 mm, in diameter, and the largest of the yolkless eggs

very little smaller ; the largest yolked eggs were "SG mm, in

diameter, I was at first inclined to interpret this condition as
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showing that the formation of yolk in the eggs for the next

spawning season had begun by the time the present spawning was

finished. This is the condition referred to by Mr. Holt on p. 369,

Vol. II of this Journal, and he states that he was uncertain

whether the yolked ova represented the early condition of next

season's crop, or only ova which remain undeveloped in the spent

fish and are absorbed without developing further. The question is,

therefore, whether the ripening of the eggs from the immature

condition for the next spawning commences before the spawning of

one season is concluded, that is to say, whether the development of

the yolk takes a little more than, or less than the interval between two

spawning seasons.

Examination of other shotten fish, which of course became more

numerous as time went on, showed clearly that no advance, but, on

the contrary, a retrogression took place in them in the development

of yolk. On February 2nd I examined a shotten plaice, 15^ inches

long, in which there were ripe but dead eggs in the cavity of the ovary.

In the germinal tissue examined under the microscope there was a

good deal of loose yolk from ripe eggs which had been broken

during the spawning, but there were no small yolked eggs as in the

specimen described above.

On February 24th I examined a female plaice which appeared to

be spent from the external appearance of the ovary alone. The

right ovary was 3f inches long and the distance from the end of it

to the end of the ventral fin 3| inches. In immature specimens the

length of the ovary is always much less than this latter distance.

The fact that it was a spent fish was placed beyond doubt by the

presence of dead ripe eggs in the cavity of the ovary. Yet in the

germinal tissue itself, when examined under the microscope, not a

trace of yolk was to be seen in any of the eggs, the largest of

which was "29 mm. in diameter.

In March I examined no plaice, but in April several, some of

which were evidently spent. On April 7th a specimen 14| inches

long had a right ovary 2| inches long, and the end of it was

4| inches from the end of the ventral fin. This fish might, from

the size and appearance of the ovary, have been set down as

immature, but in the stroma, under the microscope, could be seen

here and there shrivelled remains of yolked eggs, much fewer in

number than the yolked eggs in spent ovaries previously seen, but

evidently of the same kind, and suggesting clearly that the ovary

was spent, and reverting to the yolkless condition. Another

specimen of the same size, examined on the same date, had the ovary

in a similar condition, but the degenerating ova were still fewer in

number. The size and external appearance of the ovary in these
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specimens are not different from those seen in a specimen wliich is

certainly immature.

In May I examined three plaice ; one was a spent female, the right

ovary measuring 4^ inches in length, and 4g inches from the posterior

end of the ventral fin. There were remains of ripe ova still in the ovi-

duct, and some partially opaque yolked ova in the germinal tissue.

The other two were over 15 inches long, and had no yolked ova

in the ovary, nor any other indication that they had previously

spawned.

In June I examined few plaice. On the 9th I opened a female

14| inches long ; the end of the right ovary was 3| inches from the

anterior end of the ventral fin, 3f inches from the posterior end.

There were the remains of dead ripe eggs in the cavity of the ovary,

but at first no trace of yolked ova was found in the germinal tissue
;

afterwards a few shrunken yolked ova were found, evidently in pro-

cess of absorption.

In July, on the 15th, I first found that the formation of the yolk

in the ova of next season's crop had commenced. In one specimen,

16 inches long, the. length of the right ovary was 4f inches, its

distance from the posterior end of the ventral fin 3f inches. The

germinal tissue appeared to the naked eye opaque, white, and

evidently yolked. Under the microscope the majority of the ova

were seen to contain so much yolk as to be quite opaque, and the

largest of them were '5 mm. in diameter, that is considerably larger

than the largest yolkless ova. Fig. 2 shows the appearance of the

9. tr.

Fig. 2.—Ovum of plaice in wUich formation of yolk has commenced, magnified

about 200 times, yh., yolk
; g. v., germinal vesicle or nucleus with nucleoli at

periphery.

smallest ova in which yolk had begun to be formed. Nothing was

seen to denote that this fish had spawned previously, but considering

its large size it probably had,
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Another specimen^ 15| inclies long^ exhibited a less advanced stage

in the development of the yolk. The right ovary was 3| inches long,

4^ inches from the posterior end of the ventral fin. In the majority

of the ova the yolk was present in an external zone of the egg. There

was nothing in the germinal tissue to show that this ovary had spawned

before, but a small free clump in the cavity seemed to consist of the

membranes of old ova of last season,

Another specimen, 14^ inches long, was still less advanced, the yolk

being present only as a thin layer of small granules in the most

external region of the egg, and the quantity of it was so small that

the transparency of the ova was scarcely diminished. Other speci-

mens larger than this last showed no trace of yolk or indications that

they had previously spawned, and were either immature, or in the

resting condition.

On August 8tli I took a plaice from a tank in the aquarium, one

of a number which were observed to spawn in the beginning of the

year. The specimen was 18g inches long. The right ovary was 3^
inches long and 5| inches from the posterior end of the ventral fin.

There were no indications that the fish had spawned before. The for-

mation of yolk for next spawning was already somewhat advanced.

The largest of the yolked eggs, which were quite opaque, was "5 mm.,

the smaller '2 to "3 mm. ; the largest of the yolkless eggs was '19 mm.
Another large specimen from the same source, killed on August 17th,

was found to be in a similar condition.

It is quite certain from these observations that, so far as the

microscopic appearance of the germinal tissue is concerned, the spent

ovary of the plaice, when examined in the fresh state under the micro-

scope, may be quite similar to an immature ovary. This is clearly

exemplified by the specimen described above as examined on February

24th. It is certain, I think, that all the yolked ova left in an ovary

after spawning has taken place degenerate and disappear, and the for-

mation of yolk in the succeeding crops of ova does not commence till

some time after spawning is over. The earliest date at which I have

observed the formation of yolk to have commenced is July 15th, It

is also certain that the number of yolkless eggs left in the ovary after

spawning is far less than the number of ripe eggs shed in the follow-

ing season. Consequently the greater number of the eggs of

one season's crop are produced ab initio during the year. It is to be

noted that after a comparison has been made between an ovary in

which yolk is commencing to develop and a spent ovary containing

superfluous yolked ova the latter cannot be mistaken for ova which

are developing for the next season. They are few in number and

scattered singly, while the developing ova are abundant everywhere,

and they have a dull, unwholesome appearance.

12§



160 OVAEIES OF FISHES.

The cases in wliicli I found only yolkless ova in spent ovaries were

recognised as spent, like the dabs in the same condition described

by Mr. Holt, by the presence of the remains of ripe eggs in the

ovarian cavity. Are there cases in which, these remains having been

expelled, nothing is left to distinguish a fish that has recovered from

spawning from one that has never spawned ? I have no evidence

by which to answer this question conclusively, but it is certain that

ovaries which are known to have previously spawned, from the pre-

sence of degenerating yolked ova, are sometimes no larger than others

which are, from the absence of any indication to the contrary, set

down as immature. For instance, in a plaice, 14| inches long, the

spent ovary was 2| inches, and the end of it 4^ inches from the end

of the ventral fin, while in a specimen 13| inches long, apparently

immature, the ovary was 3 inches long and only 4 inches from the

end of the ventral fin. To avoid this possible uncertainty in dis-

tinguishing immature fish it would be advisable, in order to ascertain

the limit of size at which maturity commences, to examine a large

number of specimens within a short space of time—one month for

example—in the middle of the spawning period. At this time there

would be no mature specimens in which yolk had not commenced to

develop, and no spent specimens which had reverted to the resting

condition.

Dab.

I have not studied the dab in the spent condition, but I have

found that the formation of yolk certainly commences in some

specimens in September, I killed one specimen 11^ inches long on

September 18th; the ovary was 2| inches long, 3| inches from

the end of the ventral fin. The yolk formed a thin layer of very

small granules in the extreme outer region of the egg, and was not

sufficient to diminish its transparency to any great extent. The

diameter of the largest of the yolked eggs was '17 mm. In some of

the ova under microscopic examination the membrane of the germinal

vesicle was seen to be slightly wrinkled. The appearance of one of

the eggs is shown in Fig. 3.

Flounder.

Mature flounders examined in Janiuiry had ovaries in an advanced

condition. In February many were ripe. In July I killed two from

the aquarium which were known to have spawned in the spring.

One was 1 1 inches long, the ovary was flaccid and rather large, and did

not resemble an immature ovary in external appearance. Micro-

scopically examined, only yolkless ova were found in the germinal

tissue, with here and there a shapeless opaque mass, obviously a
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degenerate yolked ovum left at the previous spawning. In another

of the same size the right ovary was 2| inches long, 2f inches from

f^

Fig. 3.—Ovum of dab in which yolk has just commenced to develop; magnified

about 250 times, yk., yolk ; g. v., germinal vesicle with nucleoli. In Fig. 2 the

germinal vesicle is shown in optical section, here in surface view.

the posterior end of the ventral fin, and was in the same condition.

These flounders spawned at the end of April and beginning of May,

and it is seen that the condition of the germinal tissue had almost

reverted to that of the immature ovary, but the size and appearance

of the ovary showed that the fish had spawned. Another

specimen, 12| inches long, from the same tank, was killed on August

25th ; the germinal tissue exhibited only yolkless ova, all traces of

previous spawning had disappeared. On August 31st I examined a

specimen 15f inches long caught in the Hamoaze. The ovary was

large and flaccid, and had evidently spawned before. The formation

of yolk in next season's eggs had just commenced, and no trace of

the previous spawning was left in the appearance of the germinal

tissue under the microscope.

I have not yet been able to examine the spent condition or to

determine the period at which yolk commences to develop in the

merry sole {Pleuronectes microcephalus) . In December and January

mature specimens were in an advanced condition but not ripe. Ripe

specimens were obtained from February to July, but none in the spent

condition.

Common Sole.

My observations on the ovary of this species are far from com-

plete, and I shall hope to resume the discussion of it on a future

occasion. From what I have hitherto observed I am inclined to

infer that the development of the yolk in the sole extends

beyond the period of a year, so that the maturation of one
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crop of ova begins before the preceding crop has been shed. In

January large mature specimens had the ovary in an advanced con-

dition, for instance, in one, 14^ inches long, the right ovary was 6

inches long and 3| inches from the posterior end of the ventral fin,

while the greater number of the eggs were full of yolk and reached

a maximum size of '8 mm. Then there were immature specimens
in which the ovary was small, and the ova yolkless, the largest only

•17 mm. in diameter ; but in other rather small specimens, whose
ovaries were in most respects immature, there were a small number
of minute oily drops scattered in the body of some of the largest

ova. The question to be decided is whether this condition represented

the commencement of yolk-formation for the coming spawning
season, or for the season following. I found in one specimen, besides

ova in which these scattered droplets occurred, larger ova in which
a larger number of globules were present, and evidently constituted

the commencement of yolk formation. This specimen was 12| inches

long and the ovary was only 3 inches long, 5^ inches from the end
of the ventral fin. As soles have for the most part finished spawn-
ing in May it seemed improbable that this specimen was ripening

for the approaching season. The condition of the ova is seen in

fig. 4.

Fig. 4. Fi&. 5.

Fia. 4.—Ova from the ovary of a sole 12f iu. long, examined January 27th.
Low power.

Fia. 5.—From a sole 12^ in. long, examined February 3rd.

In February specimens between 12 and 13 inches long were found

in the condition described, as well as larger fish, which were almost

ripe. The condition of the ova in a specimen 121 inches opened on

February 3rd is shown in Fig. 5. The same condition was found also

in March, in which month many mature specimens were ripe. In

April no soles were examined, but in May some specimens still pre-

sented the condition described, while in large specimens diagnosed
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as spent the minute globules^ or the commencement of yolk^ were

observed in a number of the ova^ and seemed to denote^ not as in the

plaice ova destined to degenerate, but the development of yolk for

next season's crop. A number of small soles were examined in June,

6f inches to 10^ inches in length, and in many of these the globules were

present in the ova. A more complete study of the sole's ovary,

especially in the spent condition, will be necessary in order to fully

elucidate the matter, but it is clear that the development of the

yolk in this species is somewhat different from that observed in the

plaice and flounder. In distinguishing between mature and immature

soles I have always set down those in which only the minute globules

were present in the ova, or in which the yolk was only just commenced,

as immature, since it was evident that such ovaries could not reach

the mature condition in the season in which they were examined.

Turbot.

In a turbot, 30 inches long, examined on January 27th, the roe

was flaccid and collapsed, evidently one that had previously spawned.

Under the microscope the yolk was found to be commencing to

develop in some of the largest eggs, while here and there yellowish

opaque masses and one or two shrunken dead eggs represented the

Fig. 6.—Portion of the germinal tissue from ovary of a turbot 30 in. long,

examined January 27th. ^A., ova in which formation of yolk has commenced

;

bl,, blood-vessels; d. o., degenerate ova left from previous spawning.

remnants of the previous spawning. The condition of the germinal

tissue in this specimen is shown in Fig. 6. In immature specimens

examined on the same date, 15f inches and 17 inches in length, the
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ova were all transparent, not a trace of yolk was visible, nor were

any degenerating eggs present. A specimen, 19|- inches, examined

on Marcli 4tli showed the yolk commencing in an immature specimen,

but whether it would have spawned the same summer I cannot be

certain. I have not been able to trace the history of spent specimens.

Brill.

A specimen, 16| inches long, on January 25th, had the yolk

advanced in development. A few opened in March were ripe, or

nearly so.

With regard to the relation of maturity to size, and of the

destruction of immature fish, I have not much to add to my paper

on The Immature Fish Question in the last number of the Journal,

but a brief record of a few subsequent observations is necessary.

A few merry soles landed from trawlers were examined in April,

May, June, and July, and all were mature, for the most part actually

ripe. On June 3rd a specimen, 7^ inches long, was taken in our

own otter trawl five or six miles south of the Mewstone ; it was a

female and immature, all the ova being transparent without a trace

of yolk. This is the only immature merry sole I have yet obtained

at Plymouth.

On May 2nd I visited Brixham to make some inquiries about the

fishing there, and ascertained the following facts. Plaice are sold

in two classes, the small fish being separated and sold as ofi^al or

second class fish, the large in boxes as prime or first class. I saw

a quantity of these fish in the merchants' stores, and, though it was

impossible for me to take exact statistics, found that the small fish

were much more abundant than the large. On measuring I found

that the small ranged from 7 inches to 11 inches or 12 inches, and

the large from 11 inches or 12 inches to 23 inches. The small fish

must be nearly all sexually immature. At Brixham there is a large

fleet of small trawlers—about seventy—about twenty tons burthen,

as well as larger vessels of forty tons and upwards. The large

vessels go long trips and land their fish at various places, while the

small vessels fish on the home grounds from Start Point to Portland,

and land their fish at their own port. They were accused of throw-

ing overboard fish of smaller size than those they land. Besides the

plaice I saw large numbers of small whiting 8^ inches long. Small

soles were scarce, and none were under 8 inches. Of lemon soles

very few were small, and all I saw were ripe or spent. The smallest

I could find measured 10^ inches.

The Devon Sea Fisheries Committee has now prohibited trawling

within certain limits in the region where these Brixham trawlers fish.
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On May 4tli I saw a tuck-net hauled for flat fisL. at Beesands

near Torcross. The mesh of the net was 1^ inches square. The

whole net was 100 feet long, and it was hauled by fourteen men,

seven at each end. The catch was very small, a few small fish were

thrown back before I saw them, besides these there were thirty

flounders 6| to 13f inches long, four plaice under 8 inches, and six

above, and a few dabs. The men told me that the fishing was

unusually poor, but as they have scarcely any market for flat-fish,

and use the produce of their seines principally to bait their crab-

pots with, it is certain that the seine fishery at Beesands is too

small to be of great importance in relation to the destruction of

immature fish.

On June 8th I obtained on the Barbican, Plymouth, a number of

small soles brought in from Saltash, and probably caught by tuck

seines in the Hamoaze. There were twenty-seven altogether, and

they were sold for seven shillings. Seven of them were under 8

inches in length, and all except one under 10 inches. Eight were

mature males, the rest were immature.
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Aphia pellucida, Day (Latrunculus pellueidus, CoUett).—An adult

male of this species, 2j inches long, was taken in the tow-net at the

surface south of the Mewstone on June 12th last. When alive it

was very transparent, with a few scattered black chromatophores

along the back and the ventral edge.

Specialised Organs seen in Action.—As we often can only conjecture

the exact function of special organs in marine animals, and oppor-

tunity seldom occurs to see them in actual operation, the following

observations are perhaps worth recording.

It is well known that the decapod Cephalopoda have, in addition

to eight short arms, two others which are long, provided with suckers

only on the enlarged terminal portions, and usually retracted into

sockets. A specimen of Sepia has for some months past been living

in a healthy and vigorous condition in one of the aquarium tanks.

At first it injured the posterior end of its body by knocking against

the sides of the tank, but having got accustomed to confinement it

ceased to do this and the abrasion began to heal up. It was found

to catch and devour small crabs with eagerness. In catching this

kind of prey it threw itself upon the crab with its short arms spread

out, and although the tentacular arms were seen to be protruded

this was done so rapidly that the movement could scarcely be

followed. When a prawn was offered to the creature much more

use was made of the tentacular arms. The prawn moves very slowly

and deliberately until alarmed, and then darts away with great

rapidity by flapping its tail. It also has the habit of retreating into

crevices between the rocks when an attempt is made to catch it.

The cuttle-fish accordingly stalks a prawn carefully, to avoid

alarming it, becoming at the same time evidently keenly excited, its

colour deepening in places and constantly changing, blushing as it

were all colours at once. When it gets within a few inches of the

prawn it raises its two upper arms and looks like an elephant with

uplifted trunk, and then suddenly darts out its two tentacular arms

together, seizes the prawn between the clubbed ends, and imme-

diately draws it back within reach of the short arms which close

over it and hold it firmly while it is devoured. The stroke of
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the tentacular arms is extremely rapid and certain in aim. The

prawn is seldom missed, and is frequently extracted from a hole or

crevice. The cuttle, however, evidently objects to the prawn's

rostrum, and always strikes at it from the side, not from the front.

The other case which has recently attracted attention in the

aquarium is that of the red mullet, six of which have been living in

good condition since August 28th. The mullet is provided with a

pair of stiff barbels, about 1^ inches long, attached beneath the

apex of the lower jaw. When the fish is swimming above the

bottom these feelers are folded backwards and lie in a ventral

groove between the edges of the opercula, and in this position are

not visible. But the fish does not swim for long, at brief intervals

it settles on the bottom, and immediately turns the barbels down-

wards and forwards, and rakes in the gravel of the bottom with

them, keeping them in rapid motion. The barbels are so stiff and

strong that they rake into the gravel with considerable force, and in

this way the mullet finds worms or shrimps on which it feeds. Even

when food is given to the fish on the surface of the gravel, so that

there is no need to search for it, the barbels are always used to feel

every morsel before the jaws seize it.

—

J. T. C.

Growth of Fishes in Aquarium.—In the number of this Journal pub-

lished in November, 1892, particulars were given concerning some

dabs and flounders reared in the aquarium. These fish were examined

again in the spring of this year, with the following results. Of the

dabs twenty-three were taken from the tank and examined on March

3rd, these being apparently all that survived. Fourteen were females

ranging in length from 4^ inches to 8;^ inches, and nine were males

from 4| inches to 7^ inches. To give the lengths in centimetres in

order to compare with the measurements of the preceding year they

were :

14 females .... 10"7 cm. to 20"8 cm.

9 males .... ll'O „ 18'3 „

With the exception of two females 7^ and 8^ inches long, which

appeared to be ripening, no signs of spawning were seen in any of

these fish, and none were afterwards found to become ripe. This

evidence indicates that in the dab as in the flounder few specimens

become ripe at two years of age.

The flounders in the small tank, three years old, were examined

on the same date. There were only nine of them examined, those

which were ripe the preceding year having been removed, and

several killed in the interval. There were found

—

3 females ....
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Three of the males were ripe^ and the other three probably

became ripe later in the season. Two of the females were nearly

ripe^ and the smallest was killed and found to be still immature.

The flounders in the large tank mentioned in the previous paper

were examined on May 13th. There were fifty altogether surviving

out of sixty-five counted in the spring of 1892. Thirty-two of the

fish were measured and examined ; the sizes ranged from 5 inches to

114 inches. As it was late in the season many of these fish may
have finished spawning, only two females showed reproductive

activity, one was ripe, and another nearly so. Owing to pressure

of other work it was not possible to give more attention to these

experiments, but I have thought it worth while to record the sizes

and the indications as to the relation between age and breeding.

—

J. T. C.

Rearing of Fish-larvse.—From the ripe flounders among the number
reared in the aquarium and then three years old last spring I took

a number of healthy eggs, and fertilised them. The first lot were

hatched on April 20th. They were kept in one of the boxes

belonging to the Dannevig apparatus, placed in one of the laboratory

tanks. On the 22nd I turned the larv£e out of the box into the tank,

protecting the overflow pipe by means of a bolting cloth screen, and

keeping a slight but constant inflow of water into the tank. On the

24th the yolk was almost entirely absorbed, and I put in as food

some of the minute suspended particles obtained by stirring up finely

minced worm in a jar of sea-water. The little fish took this food

readily, and could be seen deliberately pecking at the particles in

the water. They lived and seemed healthy until April 28th, but then

began to diminish in numbers, and on May 1st few were to be seen.

Another lot of eggs procured from the same source were hatched

on April 29th, and turned into a tank arranged in the same way two

days afterwards. They began to feed on May 4th, and lived well

until May 9th, when the numbers began to diminish. I found the

dead ones sticking to the screen which protected the outflow. On
May IStli two were seen still alive, fourteen days old, and after this

date none were left.—J. T. C.
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In subjoining the continued results of my statistical inquiries it

is necessary to occupy but little space with introductory remarks,

since the question has assumed no new features. The suggestions

as to size-limits embodied in the draft report of the Parliamen-

tary Committee would, if carried into effect, leave the North Sea
fishery practically in statu quo.

It is true that the proposed size-limits would prohibit the sale of

some small quantity of fish, of several species, that now finds its way
into our markets, but the quantity is so far insignificant that its

exclusion would not materially affect the profits of the vessel. I

have endeavoured to show that no size-limit that fails to exclude

from the market so large a proportion of the immature plaice caught

on the Eastern grounds as to render that area unprofitable, is likely
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Three of the males were ripe, and the other three probably

became ripe later in the season. Two of the females were nearly

ripe, and the smallest was killed and found to be still immature.

The flounders in the large tank mentioned in the previous paper

were examined on May 13th. There were fifty altogether surviving

out of sixty-five counted in the spring of 1892. Thirty-two of the

fish were measured and examined ; the sizes ranged from 5 inches to

11^ inches. As it was late in the season many of these fish may
have finished spawning, only two females showed reproductive

activity, one was ripe, and another nearly so. Owing to pressure

of other work it was not possible to give more attention to these

experiments, but I have thought it worth while to record the sizes

and the indications as to the relation between age and breeding.

—
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I. On the Destruction of Immature Fish in thk North Sea.

In subjoining tlie continued results of my statistical inquiries it

is necessary to occupy but little space with introductory remarks,

since the question has assumed no new features. The suggestions

as to size-limits embodied in the draft report of the Parliamen-

tary Committee would^ if carried into effect, leave the North Sea

fishery practically in statu quo.

It is true that the proposed size-limits would prohibit the sale of

some small quantity of fish, of several species, that now finds its way
into our markets, but the quantity is so far insignificant that its

exclusion would not materially affect the profits of the vessel. I

have endeavoured to show that no size-limit that fails to exclude

from the market so large a proportion of the immature plaice caught

on the Eastern grounds as to render that area unprofitable, is likely

NEW SERIES. VOL. Ill, NO. Tit. 14
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to have any effect in increasing tlie supply either of that or of any

other North Sea trawl-fish. No arguments having been brought for-

ward against these views, I am not called upon to defend them further.

Of course I am aware that the difference in the size at which

maturity is attained by fish in different districts presents a great

obstacle to the formulation of a limit which shall be beneficial to all

districts alike. Indeed, I would go further, and say that it is

impossible to legislate sensibly by size-limit unless each district is

treated separately.

The Procrustean method of cutting down the sizes in all districts

to suit the requirements of that wherein the fish are the smallest

entirely fails to commend itself to me.

Plaice.—In the last number of this Journal (p, 124) the statistics

were carried up to the end of August, 1893, but as a year has now
elapsed since I commenced to take the whole number of fish landed,

the figures from April, 1893, may now be conveniently recapitulated.

Mouth.

1893.

April

May (N. Sea, less 1 day)

June
July (less 1 day)
August (less 4 days)

September (less 7 days) . .

.

October
November (less 1 day) ...

December (less 7 days)...

1894.

January
February
March (less 6 days)

April (less 4 days)

Total No.
of boxes.

Total.

10,833

19,859
19,555

24,680
19,141

9,887

16,191

11,219

4,570

4,463

3,707

6,673

15,997

10,633

15,176
12,205

13,304

12,287

9,637

16,191

11,219

4,570

4,463

3,707

6,673
14,911

North Sea.
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ment in July ; but tliougli in August a still further increase is notice-

able (allowing for days omitted)^ tlie augmentation of fishing power

indicated by the decrease in columns 4 and 6 would seem to show

that the supply available for individual boats had on the whole

diminished, A further reduction of individual supply may be

inferred from comparison of the different columns in September,

though the total remains unaffected, or is perhaps rather higher. In

October, however, the distribution of power remaining practically

the same as in September, we find a very marked increase in column

3, indicating an individual supply not inferior to that of July. This

confirms to some extent opinions which I have heard expressed—that

the unusually warm spring and summer (of 1893) would be produc-

tive of a fine autumn supply. If any such connection exists, the

only explanation that occurs to me is that the warm weather has

hastened the growth of the fish, so that the annual autumnal recruiting

from the small fish on the Eastern grounds has been unusually great.

In November the supply again falls, and this in spite of the

landing of individual catches of from 73 to 219 boxes from the

'' Holman " between the 16th and 23rd of the month; but the

tempestuous weather of that month will be within the recollection of

every one. While several fishing vessels were lost, many were tem-

porarily disabled, and the consequent paralysis of fishing power is a

factor that must be reckoned with in addition to scarcity of fish,

which itself is usually enhanced by coarse weather. The lowest ebb

is reached in February, but a rapid improvement is noticeable in the

succeeding months ; April is the only month in which we are able to

compare the statistics of two years collected in exactly the same way,

and so far as the large fish are concerned, the present year (allowing

for days omitted) yields rather better results than the last. The

difference, however, is not very great, but there is a very marked

increase in the amount of small fish destroyed, indicating that the

season is earlier this year than last on the Eastern grounds. It

might also be inferred, by the consequent diversion of boats to these

grounds, that the individual supply of large fish showed an improve-

ment ; but the fact is that a great number of boxes reckoned as

" large ^' contained, during the month in question, only " half-fish."

These are mostly immature, but above the limit which, for reasons

given in former reports, I have found convenient for separating
" large " and " small." The Iceland season is also early this year,

or, perhaps, I should rather say that boats have commenced to go

there earlier than they did last year. The first voyage had an

unfortunate termination, as the vessel ran against Filey Brigg in a

fog, and became a total wreck, with a loss of several hands. Some
20 boxes of her plaice, included in the above returns, were brought
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to market by a yawl, but were condemned as nnfit for food. A
similar fate befell a consignment of Iceland plaice wliicli readied tlie

market by steamer, via Norway, on tlie same date, the lltli April,

They were in very bad condition, and it is doubtful whether such

consignments would pay expenses in any case.

As I did not commence to collect statistics of both large and small

plaice until April, 1893, it is only possible to compare the catches of

1892 and 1893 by making use of the Board of Trade returns. In

the figures given for 1892 (Journal, 1893, p. 84) only the ''small"

are from my own observations, the boxes of other specification being

derived by converting the weight given in the Board of Trade

returns into boxes, and eliminating the number of boxes of " small "

which appear in my own records. As it is therefore probable that

some error exists in the 1 892 returns, from inaccuracy of the official

figures or of conversion of weight into boxes, I put forward the

following results with all due reserve :

1892, Six months. May to October, total, 86,000 boxes,

1893. „ „ „ „ 125,000 „

The apparent increase of 39,000 boxes looks promising enough,

but is considerably discounted when we find that no less than

30,000 is due to an increase of Iceland fish, leaving a North Sea
increase of only 9000 boxes. Examining the columns of large and
small, a rough calculation being made, as in the case of the totals,

for the days omitted, we find a total of 71,000 ''large" and 22,000

"small" for 1893, as against 73,000 "large" and 11,000 " small "

for 1892.

The increase, therefore, is entirely confined to Iceland and
" small " North Sea fish, while in "large " North Sea fish there is a

deficit of 2000 boxes.

Comparing the numbers of "large " month for month in the two

years, the fluctuations are much in the same proportion, the chief

exception being in July and August, In 1892 nearly two thirds of

the total catch of these two months was obtained in the first of them,

whereas in 1893 rather more were caught in August than in July.

That plaice are actually decreasing in the North Sea is a fact so

generally recognised that it hardly needs illustration, but the present

scarcity may not be so apparent from figures dealing with aggregate

catches as it becomes when we examine the catches of individual

boats. In examining the total figures it must be borne in mind that

the fishing power is enormous, our own large fleet being supple-

mented not only by foreigners, but by vessels hailing from other

British ports, such as Scarborough, Shields, Aberdeen, Glasgow, and
even Milford Haven.

The scarcity is most felt in the winter months, when, for whatever
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reason, tlie fisli are very liard to catch. Thus in the last winter a

smack failed to average two boxes of plaice in ten consecutive

voyages along the neighbouring coast and off Flamborough Head, an

area which has the reputation of being fairly productive for the

season. The matter may be further illustrated by extracts from

some observations of which my friend Mr. R. Douglas permits me to

make use. On the 1st February, 1893, a steam-trawler landed one

plaice after ten days' fishing, on the 3rd another landed one box

after eight days. On the 13th December, 1892, a steam-trawler had

three boxes for fourteen days, and on the next day two similar vessels

had two each for eight days. These figures are unfortunately by no

means so rare as to be exceptional.

A new departure in the trawling industry has been made by the

launch, during last year, of several steam-vessels designed for fleet-

ing vessels. Their function is simply to fish, the catch being taken

to market and the coal supplied by cutters. As the company to

which they belong does not land its fish at this port I have no means

of knowing what the results have been, but it is obvious that a steam-

vessel, staying perpetually on the fishing ground, is a most powerful

engine of destruction,—dangerously so, in fact, in the present state of

the grounds.

Haddock.—The appended figures show the total number of boxes

of "small " fish landed during the months specified :

1893.

1894.

4670 boxes.

8457

6712

5792

5248

3848

5363

8502

September (less 7 days)

October

November (less 1 day)

December (less 8 days)

January

February

March (less 6 days)

April (less 4 days) .

On the whole the supply of " small " haddock has shown a steady

increase since my inquiries were commenced, allowing for fluctuations

in individual months. It has so far been impossible to extend the

statistics so as to include fish of all sizes, so that I am unable to say

what proportion the "small " bears to the total. During the present

year, however, I have noticed large catches consisting entirely of

" small," a condition not previously observed. So far as I know,

the general supply shows no marked decrease.

Cod.—The figures relate to trawled codling, with the restrictions

explained in previous reports :

1893. September (less 7 days) . .2123 boxes.

October .... 2939 „

November (less 1 day) . , 2491 „
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1893. December (less 8 days) . .2730 boxes.

1894. January .... 3096 „
February .... 2607 ,,

March (less 6 days) . . 2363 „
April (less 4 days) . . . 1093 „

Examination of tlie returns given in the two previous numbers of

tliis Journal (1893, p. 87, and 1894, p. 128) shows that whatever

decrease took place in the summer as compared with the winter

months of 1893 is much more striking in regard to the late than to

the early months of that year. I drew attention (Journal, 1893, loc.

cit.) to the large catches that were made on certain grounds in the

winter of 1892-3, and expected that a similar condition would
obtain during the next winter. There has been, however, no con-

gregation of small codling on those or any other grounds at all

comparable to that of the previous winter. It is true that the

aggregate number landed is considerably in excess of last yearns

supply, but the fish have been brought in in small quantities. Con-

siderable catches first became apparent in November, 1892, and
continued to appear until March, 1893. The principal grounds, it

will be remembered, were the Yorkshire Hole, and, later on. Flam-

borough Head. Now a considerable number of boats were working

the Hole after the gale of November, 1893, as a fair supply of soles

had appeared there ; but there was no quantity of codling. In fact,

the first record I have of any considerable catches of codling is in

February. Seventy boxes is the largest ^Woyage " (as against 122

last year), and 16 boxes is quite exceptional. '^Voyages ^' of from

60 to 23 boxes are recorded between the 2nd and 5th of March, and
thereafter no catches of any magnitude were observed. In all cases

the best catches were made during the past winter off Flamborough

Head, none occurring at the Yorkshire Hole or any of the other

grounds mentioned. The absence of these shoals of codling is

evidently not due to scarcity, it is simply a failure to congregate as

they did in the winter of 1892-3, and it seems quite possible that

the gale of November may have had something to do with it. The
fish did congregate, as in the former winter, later in the season off

the Head, though in less numbers, and, as our experience is limited

to two years, it is not possible to say whether the earlier congrega-

tion is a normal feature or the reverse. Answers to inquiries I have

made have been too vague to be altogether reliable.

Complaints by deep-sea liners were very general in February of

the present year as to the scarcity of cod on the off-shore grounds.

The cause, they supposed, was the prevalence of westerly winds,

which had apparently the effect of setting the fish into the shore, the

best catches being made near the coast. The fish, however, seem to
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have made their appeai^ance off Whitby in the same month, thongh

the success of different boats in their pursuit showed considerable

variety.

II. On thk Territorial Fishing Grounds of Scarborough and its

Neighbourhood.

In July, 1893, at the invitation of Professor M'Intosh, I took part in

some trawling operations which were being carried on by the steam-

ship '^ Garland" in the neighbourhood of Scarborough, with the object

of obtaining soles to stock the Scotch Fishery Board's hatchery at

Dunbar, &c. I was thereby afforded an excellent opportunity of

making myself acquainted with the condition of the inshore fishing

grounds, which, two years previously, had been closed to trawling

by an enactment of the North-Eastern Sea Fisheries Committee.

It was claimed by those who had chiefly interested themselves in

procuring the bye-law that a considerable improvement had already

manifested itself in the local line-fishery, but on that point, from

want of any personal acquaintance with the pre-existing condi-

tions, I can offer no independent opinion. I was invited, however,

by Mr. J. Woodall, vice-chairman of the committee, to put forward

any conclusions which my observation of the present condition of

the grounds might suggest as to the desirability of the retention or

abolition of the bye-law.

I propose in this note to give a very brief acount of the inves-

tigation, and of the conclusions derived therefrom, and I take this

opportunity of thanking Mr. Woodall, not only for hosjDitality extended

to myself during my stay at Scarborough, but for a great deal of

valuable information as to the fisheries of Scarborough and the sur-

rounding district.

The grounds examined extend along the coast for a distance of a

little over ten miles, as the crow flies, from Hayburn Wyke to Filey

Brigg. Scarborough lies about midway between these two points,

forming the apex of a very gentle general incurvation of the York-

shire coast-line in this district. The land descends everywhere in

rather abrupt cliffs to the beach, which is rocky in general character,

though here and there are patches of smooth sand at the water's

edge. Beyond low water mark a considerable stretch of land rock

separates the area suitable for trawling from the margin, except at

Cloughton, where a very narrow strip of sand extends almost to the

head of the Wyke, or small bay which bears that name. Beyond

the land rock, the existence of various isolated rough patches makes

the trawling ground rather intricate, but we were fortunate in

obtaining the services of an efficient pilot, and suffered little or no
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damag^o to the nets. It may liere be remarked that the proper

charting of the inshore waters for piscatorial purposes is a duty that

might be very profitably undertaken by the fishery authority under

whose jurisdiction they fall, since the Admiralty authorities take

no account of such physical characters of the bottom as do not

interfere with navigation, and the information available from existing

charts is, in consequence, lamentably meagre from the point of view

of the fisherman or of those concerned in the study of fishery

problems.

Speaking generally, our hauls were made along the edge of the

land rock, or following the trend of the coast a little further out ; but

it is also possible^ by avoiding certain outlying rocks, to trawl right

out to a ground beyond the three miles limit. This ground extends

practically from Whitby to Flamborough Head, but we are not at

present concerned in discussing its condition. All the grounds I

have mentioned are collectively termed the Scarborough " in

"

grounds. The " off '' grounds bearing the same name lie about thirty

miles seawards.

The grounds close inshore may for the present purpose be classed

together, since we found no great variation in their condition or

products, but one of them calls for a little separate notice. This is

the Cloughton Wyke Ground, consisting of the narrow strip of sand

already alluded to. It has long been famous as a sole ground at

the right season, and used to be worked as follows :—At the com-

mencement of the ebb the boat would be taken as far in as the

water allowed, the trawl shot and hauled out of the Wyke, thence

about two miles offshore and north to another little inlet called

Hayburn Wyke, On the flood the modus operandi would be reversed,

but by far the most soles would always be taken on the ebb. Accord-

ing to my information the soles were chiefly taken near the head of

Cloughton Wyke itself, and Mr, Woodall tells me that they were

found to feed on a species of Nereis which occurs there in great

numbers, I am also informed by Mr, Gr, L, Alward, on what he

considers to be reliable authority, that soles have been dug out of

the sand at low water in the same wyke, a statement which the

burrowing habits of soles in captivity go far to support.

My own experience of Cloughton Wyke is confined to a single

haul, made during the daytime in very clear water. We did not

catch any soles, and I am assured that it is only possible to catch

soles there in daylight when the water has been rendered turbid by
heavy weather from the eastward. Moreover the season for soles

had hardly begun. The ground was clean except for a little Flm^tra

folia cea and a few hydroids. The fish caught differed in no respect

from those taken on the other parts of the inshore grounds. The
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ground lying to tlie south of Scarborough was also fairly clean,

but elsewhere a considerable amount of rubbish was met with. The

commonest hydroid in this, as in any other part of the North Sea

known to me, is HydraUmania falcaia. Seaweeds are represented

chiefly by Fncus serratvs (near the rocks), and various red weeds

(Delesseria, &c). Usually we caught a few edible crabs, and some-

times a lobster, but of smaller Invertebrates other than hydroids and

polyzoans my notes mention the occurrence of orAj Portunus liolsatus,

Corystes cassivelaunus, and Asterias ruhens.

My records deal, in all, with thirteen hauls, and the fish taken on

the different grounds may be treated collectively, as, on the whole,

one ground yielded much the same as another. Soles, which formed

the object of the '' Garland's " operations, were decidedly scarce,

sixteen and a half pairs being the most obtained in any one night's

fishing. They were, however, all fine fish, no immature specimens

being taken. We were told that it was too early in the season to

get many soles in the trawl, though good catches were being made

by the liners. I cannot pretend to say why these fish should be more

readily canght on a hook at this time of the year, since we were

working practically the same ground as the liners ; but such seems

to be undoubtedly the case, and it is only one amongst the many
features of marine biology which our ignorance at present relegates

to the category of mysteries. One can understand that directly after

spawning the fish are more hungry, and so take a bait more readily

than at other times ; but that is far from explaining why they are more

successful in evading a trawl at that season. It seems probable that

the reason is to be sought in some sessional change in the organisms

on which they prey, or in the habits of such organisms. Be this as

it may, I record the simple fact on authority that appears to me to

be entirely reliable.

Neither turbot nor brill find a place in the list of fish caught,

though at one time I am told that the former species was not in-

frequent in the bay. There is only mention of one lemon sole, a

specimen of 5 inches.

In each of two hauls about twenty plaice are recorded ; on all other

occasions the number was considerably less, so that this fish cannot

be regarded as at all numerous during the time we worked. On
one occasion we took three of 17 inches ; specimens of 14 and 15

inches are mentioned in two hauls ; in all the rest the size was

smaller, the minimum being 5 inches. Common dabs were only

moderately abundant, and most were small. The only other flat-fish

taken were three specimens of 8olea lufea—about two or three miles

off the Castle. In Eagle Clarke and Koebuck's '^ Yorkshire Verte-

brata " this species is included as " reported as having been taken
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at Wliitby.'^ Beyond this I find no record of its occurrence on the

north-east coast of this country. I know that it occurs regularly on

the Well Bank to the south^ and it is mentioned by Mcintosh as

common at St. Andrews, while Edwards says that it occurs also on

the coast of Banffshire. The present record points to the probable

correctness of that from Whitby, and no doubt the species is

generally distributed along the eastern coast. There is, however, no

evidence of its occurrence in estuarine waters on this coast.

Turning to round-fish, cod of any size were extremely scarce. One
fine fish was taken, and on several occasions we got a few small ones,

5 to 7 inches long. Haddock varied in number, but were compara-

tively scarce except in two hauls, when we took a great number
from 5 to 9 inches long. Very few on any occasion exceeded a

length of 12 inches. Whiting were much more abundant as a rule,

and varied in size from 3 to 14 inches. In one haul, when the cod

end was enclosed in an outer bag of fine mesh, a considerable number
less than 6 inches in length were caught, but when the outer bag
was removed very few of these very small fish came aboard. I

noticed also a decided improvement in the quality of the fish towards

the end of our operations, since, while in the earlier hauls immature
specimens {i. e. less than 9 inches long) were in the majority, the

numbers were equalised later on, and sometimes the mature fish were
actually the most numerous. It was evident that a movement was
taking place amongst the larger fish, having the effect of driving

the small ones elsewhere, since I have found that cannibalism is

highly developed in this species. In reporting on the Humber
fisheries in previous numbers of this Journal I have already adverted

to the great sessional irregularity of the movements of whiting in

inshore waters, and can only now repeat that the conditions at a

given time in one year cannot be relied on to hold good for others.

Gurnards were always fairly abundant, but the number of small

always exceeded that of the large, except in the last haul but one,

when the large fish were in a decided majority. These fish, there-

fore, appeared to be undergoing a movement similar to that noticed

among the whiting. Several very small herring and a few thorn-

back rays were taken, completing the list of food-fishes, unless we
include the monk or angler in this category. Several of the latter

were taken, none of very large size. Unsaleable fishes were repre-

sented by a few ''hard-heads" {0. scorpiiis), "bull-routs" {A, cata-

phractus) , lesser weevers, and dragonets.

To review the above results briefly, we may say that the investiga-

tion showed that the fish forming the object of a legitimate trawl-

fishery were confined to a few whiting, gurnards, and dabs, a very

moderate quantity of soles, and an infinitely minute number of plaice
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and cod. On the other hand, a rather large qnantity of undersized

haddock, whiting, and gurnard were thereby destroyed ; while the

destruction of small plaice, though not great in actual numbers, was

very considerable in regard to the local supply of this species.

It is evident, therefore, that there is a prima facie case against

trawling on these grounds at this time of the year, merely because

the waste is in excess of the products. We ma}^ consider the matter

from another point of view, viz. whether the consumer can be

adequately provided by means other than trawling. This question

may be so limited as to deal only with the soles, since these are

the only important product which cannot obviously be obtained with-

out encroaching on the three-mile limit ; and here we find an answer

in the affirmative. While our best night's fishing yielded only 16^

pairs, and our catch was usually much less, 25 and 18 pairs were

respectively taken by two cobles line-fishing on these grounds during

one night of our stay at Scarborough. Such success was not excep-

tional, and I do not think a coble ever caught so little as we did on

any one night. That the catches of the '^Garland" are no fair test

of what may be achieved by trawling is an objection which may be

urged with some show of reason so far as concerns any one night's

fishing, since it is well known that a sailing vessel will trawl more

soles than a steamer if both are fishing side by side over the same

ground. But when we consider the dependency of a smack on the

wind, and the intricacy of these particular grounds, I think it may
fairly be assumed that a sailing vessel would not have materially

improved upon our aggregate catch during the week. I therefore

consider that the interests of the consumer can be sufficiently served

by line-fishing.

Policy in fishing matters is too often degraded to the merely social

aspect of the case, viz, the relative claims of local and other fisher-

men, or of the local liners and trawlers when the two industries

co-exist in the same fishing community. With this I have nothing

whatever to do, but may remark that, according to my own experi-

ence, one class is burdened with about as much providence and

public spirit as the other.

I did not neglect, while at Scarborough, to make inquiries as to

the effect which the territorial restriction of trawling was thought to

have had on the inshore line-fishery, but as evidence on this subject

was given before the Parliamentary Inquiry, in some cases by the

men who were my own informants, I need only refer to the matter

very briefly. It was asserted that the sole fishery had very greatly

revived since trawling was forbidden in these waters, and I have no

doubt that this is the case. It requires no argument to show that
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trawling and lining cannot be carried on together in one limited

area without injury to the latter industry.

As to the haddock fishery, I was told that the trawlers still en-

croach so much on the territorial haddock grounds that not much
benefit has been felt by the liners. These grounds lie further out

than those on which the soles are chiefly caught, so that the sole-

fishery is not affected by this poaching. The matter is therefore of

less general importance, but owing to the amount of undersized fish

on the ground it could not but be beneficial to enforce the bye-law

in its entirety.

III. The Blonde (Raia hlanda, Holt and Caldekwood, MS.), a
Species hitherto confounded with R. maculata, Montagu.

In collaboration with Mr. Calderwood, I have been engaged, since

I first entered the Association^s service, in attempting to revise the

British Rajidge, and one result of our efforts has been the discovery

of a species which has hitherto escaped separate description. It

seems, therefore, advisable to put forward a brief diagnosis at once,

reserving a full description to another occasion.

The species was first met with by one of us on the west coast of

Ireland, but the large size of the only specimens obtained rendered

it impossible to define it in a satisfactory manner. Recently,

however, we have had the good fortune to obtain a nearly complete

series from the North Sea, and there can be no doubt of its

distinctness.

In the appended diagnosis especial stress is laid on those points

which serve to distinguish the species from the closely allied R.

maculata.

Size.—Reaches a width of over 30 inches ; males become sexually

mature at a width of 24 inches or more ; the egg-purse about 5^
inches long, exclusive of attachment processes.

Shape.—Anterior profile obtusely rounded, the extremity of the

snout projecting in a short semicircular process, except in adult

males, where it is more or less conical, never sharply pointed.

Anterior margin with two salient curves, varying in degree

according to age and sex. Tail rather broad anteriorly, and dis-

tinctly flattened in old examples.

Proportions.—Width of the disc about twenty-five per cent,

greater than its length, and about thirty per cent, less than the

total length ; the tail slightly the longer in males. The length of

the snout from 4| (in young) to nearly 5^ times (in adults), and the

distance from the tip of the snout to the coracoid from 2 5 to 2^y
times in the width of the disc. The distance between the nostrils
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equal to or ratlier less than their distance from the tip of the snout.

The length of the eye from ] | (young) to 2 times (adults) in the dis-

tance between the supra-orbital ridges, which is equal to, or in large

examples greater than, the combined length of the eye and spiracle.

Dentition.—Teeth small ; obtuse in females and immature males,

sharply pointed in adult males ; arranged in from less than sixty to

over ninety rows in the upper jaw.

In specimens about 9 inches across the disc about 66 rows.

16 74

}} )> ^^ }) }) '° }}

Spinulation.— Upjjer surface.—A few spines at the end of each

orbital ridge and along the rostrum in young examples ; the former

frequently, the latter always wanting in adults. A spine on each

shoulder in young examples may persist until a large size is attained.

Exclusive of sexual alar spines, the other large spines typically in a

median row from the head to the dorsal fins, the last spine between

the dorsals, and in a lateral row on each side of the tail. These

rows are formed by a young and adult series, the young series of the

lateral caudal rows being frequently lost before the old series

appears. The latter usually very imperfect in males, but double in

its anterior region in females. The young series of the median row

often imperfectly replaced, except on the tail, in either sex. Very
large examples may have lost nearly all the adult median series. Of

the median series in young examples, three or four, alivai/s more than

two, spines are in front of the pectoral region.

Small asperities confined to the pre-pectoral region of the disc in

young examples, extending all over the disc in half-grown fish of

either sex and in adult females. Gill region and central area of the

pectorals smooth in adult males.

Under surface.—Young examples (9 inches across disc) with a

narrow harder of very closely set asperities along the anterior margin,

not extending to the angles of the pectorals. A similar border, in

rather larger examples, along the edge of the tail. Under surface

otherwise smooth. Some asperities about the region of the coracoid

and anterior part of the abdomen in half-grown examples of either

sex, and about the general surface of tail in females. The anterior

border increases in width with age, and in old males, rarely in old

females, extends backwards over a great part of the snout. Adult

females in addition have scattered asperities over the whole under

surface, except the outer parts of the paired fins.

Colour.—The upper surface a pale fawn, may incline to chestnut,

rarely to cold sepia ; usually darker over the abdomen and lighter

on the head than elsewhere. Thickly sprinkled with small dark
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brown spots, rarely exceeding j inch in diameter, which extend to the

margins of the disc. A number of small pale rounded areas, with a

certain bilateral symmetry of arrangement, on the wings, each area

surrounded by a ring of spots not larger than the rest, and never

coalescing with each other ; occasionally a central " pupil " spot.

Under surface white, sometimes a little brown on the tip of the snout.

It will be seen from the above that the new species differs from

R. maculata, Montagu, in many points. Comparing specimens of

equal size, the eye is smaller, the teeth smaller and more numerous,

and the distance between the snout and the coracoid greater in B.

hlanda than in R. maculata.

The difference in spinulation is very strongly marked, since

R. maculata never attains anything like the same development of the

asperities of the upper surface, as is present in half-grown R. hlavda.

The anterior border of asperities on the under surface is also entirely

wanting in R. maculata ; the greatest degree of ventral spinulation

attained by that species throughout life taking the form of a few

scattered asperities on the snout, about the pectoral region, and on

the tail. Moreover the maximum width attained by R. maculata

hardly exceeds 20 inches, and its egg-purse only measures about 2|

inches exclusive of attachment processes. Though the size of the

spots on the upper surface is subject to variation, they are always

larger and more numerous than in R. hlanda of the same size, and never

extend to the margins of the disc. In some examples they are alto-

gether absent. There may or may not be a single conspicuous ocellus

on each wing, but if present it is always surrounded by a ring of largish

spots, which are frequently more or less coalesced ; such an ocellus is

always larger than any of those exhibited by R. hlanda, and though

other pale areas may exist on the wings of R. m,aculata they are never

at all distinct.

There are a number of spotted rays found in the South Atlantic and
Mediterranean, which all appear to possess the anterior border of ven-

tral asperities, but are yet specifically distinct from R. hlanda. The
species which most closely approach it are R. asterias (Miill. and
Henl.) and R. punctata (Risso) ; but of these the former, besides differ-

ing conspicuously in colour, has a very much larger mouth, while the

latter, a very small species, has much larger teeth than R. hlanda.

A species described under the name of R. hrachyura by Lafont

(Soc. Linn. Bordeaux, xxviii, 1873, p. 503, pi. xxv) may possibly be

identical with R. hlanda., but the description is very meagre and the

figure primitive. It is impossible from the context to be certain

whether a statement that there are no " aiguillons " on the ventral
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surface precludes the presence of such asperities as are present in

R. blanda ; while the figure, so far as it resembles anything that is

likely to have an actual existence, is more like R. asterias than

R. blanda. It having proved impossible to procure specimens of a

spotted ray from the same locality, we are compelled to pass the

species over as insufficiently defined.

Turning to British authors, Montagu's descriptive remarks apply

only to the smaller British species of spotted ray, the varieties he

mentions being merely colour phases. He states, however, that

R. maculata grows to a larger size than R. clavata, which is not the

case in any district with which I am acquainted. It is therefore

possible that he knew the larger species, but did not recognise it as

distinct. However, as his description is obviously based on the

smaller, his claim as sponsor thereto holds good.

Day's figure of R. maculata is undoubtedly taken from an imma-

ture male of R. blanda, which appears from the scale given to have

been about 25 inches across the disc. The author remarks that in

this specimen the spots were rather closer together than usual, but

the drawing does not strike one as a very successful illustration of

either species. The description given in the text refers chiefly to

the smaller species.

Couch evidently selected a specimen of R. blanda for special de-

scription, but his general remarks apply to both species, and his

figure specially to neither, though probably taken, at least as far as

the spots are concerned, from R. maculata. Subsequent to the publi-

cation of his work on the British fishes, the late Dr. Day described

as new to Britain a spotted ray which he considered to be identical

with R. 'punctata, Hisso. It was stated, possibly by a clerical error,

that the teeth were larger than those of R. maculata. The identity

of the specimen is now lost, but the Day collection, now in the

British Museum, contains a small spotted ray, which bore no label

when received at South Kensington. It is undoubtedly a young

example of R. blanda, but it remains uncertain whether it is the

specimen recorded as R. inmctata.

But if our ichthyologists have hitherto failed to distinguish

between R. maculata and R. blanda, the same reproach cannot be

urged against our fishermen and fish merchants. Under the names

of Homelyn and Blonde, or Blund, respectively, these two species

have long been recognised as distinct at Grimsby, and presumably

at the other great fishing centres of the North Sea. It is true that,

owing to the scarcity of young blondes, many are unable to distin-

guish the latter from homelyns, but certain specific characters are

well enough known to those specially engaged in the skate trade.

The name " blonde ^'
is said to have been derived from the Belgian
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fisliermeii, with what truth I know not ; and in naming the species

R. blanda we have made use of the Latin epithet which assimilates

most closely in sound to the vernacular name in general use.

In conclusion we may be permitted to express our indebtedness

to Dr. Giinther for advice and references, and especially for invalu-

able aid in the comparison of specimens at the British Museum.
Indeed, I may add that it was chiefly at his instigation that those

inquiries were instituted which have now resulted, as I trust, in

finally establishing the distinctness of the two species.

IV. The " Recessus Okbitaljs,'^ an Accessory Visual Organ in

Pleuronectid Fishes.

I have applied the above name to a structure described in a paper
read before the Zoological Society, of which the present remarks are

a brief abstract. It first came under my notice when examining the

cephalic anatomy of a common sole, but as I could find no mention
of it in Cunningham's Treatise on that species, I supposed that

the specimen before me might be exceptional. It proved, however,

to occur regularly, not only in the sole, but in all other Pleuro-

nectids which I examined, viz. the halibut, long rough dab, brill,

plaice, flounder, and lemon " sole." The material at my command
proving unsuitable for a study of its development, I am unable to

form any very valid opinion as to its homologies, and can only put

forward what I know of its condition in the adult.

The recessus in those species in which it is most conspicuously

developed consists of a diverticulum of the membranous wall of the

orbital cavity. It is sac-like in form, with very delicate membranous
walls, except where the latter are traversed by anastomosing

muscular bands. Such bands may also cross the lumen of the sac,

and may even form more or less complete septa. The recessus of

the lower eye lies below the skin immediately behind the eye,

occupying a space bounded by the anterior face of the superficial

jaw muscles, the backward continuation of the interorbital septum
and the membranous wall of the orbital cavity. With this cavity it

communicates by one or more rather large openings with thickened

rims, and frequently by other smaller openings, the whole number
being rather close together, and variable within the limits of a single

species. In the brill the recessus of this eye is in the form of a

conical process of the membranous wall, of which only the apex is

strengthened by internal muscular apparatus. In the halibut there

is no definite sac in connection with the lower orbit, but a portion

of the membranous wall is difl^erentiated by the development of

numerous interlacing muscular bands, backed by very delicate mem-
NEW SERIES.—VOL. Ill, NO. III. 15
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branous sacculi. The condition first described, actually met with in

the plaice, is sufficiently applicable to the other species mentioned.

The recessus of the upper eye is in all cases a definite sac,

always larger than its fellow of the lower eye, and always situate on

the blind side of the skull, and to some extent overlaid by the

superficial jaw muscles of that side. It communicates with the

upper orbital cavity by a narrow neck, which passes through the

large foramen between the pseudo-mesial process of Traquair and

the parasphenoid. It is essentially similar in internal structure to

the fully developed organ of the lower eye. Its shape depends

merely upon its topographical relationships.

In the fresh condition the recessus of either eye, when sac-like in

form, is colourless and quite translucent, except for a slight milky

opacity where the muscular bands are most numerous. It is, as may
be supposed from the description of its internal structure, highly

elastic, and is filled in life by a colourless fluid also present in the

orbital cavity. It is rather richly supplied with blood-vessels,

distributed on the inner face of the sac when such is present, and

we may assume, as in the case of peritoneal and synovial cavities,

that the fluid is deposited by mechanical filtration through the blood-

vessels. In any case I have been unable to detect any special

secretory apparatus in the epithelium of its walls. The only source

of innervation which I have discovered is from the V. cranial,

whether from sensory or motor roots I am as yet unaware.

The fluid coagulates after a time into a milky white plasma,

finely granular in microscopic preparations, and taking on a faint

pink stain from borax carmine, but the recessus retains its elasticity

for some considerable time after death. Thus, if the eye is pushed

inwards, the fluid is forced into the recessus, which thus becomes

enormously distended ; but as soon as the pressure is relaxed the

recessus contracts, and the eye rises to its former level.

It will be familiar to those who have observed the habits of flat-

fish in aquaria that the eyes are normally protracted to a con-

siderable degree. If the fish is frightened by placing some object

near the eyes, the latter are immediately withdrawn into their

sockets, while a corresponding inflation may be observed in the

region of the recessus of the lower eye—the only one which can be

seen. As soon as the object of terror is withdrawn the eyes rise

again. Now there is no protracting apparatus in the muscles of the

eye, and it is evident that the mere relaxation of the oblique and

recti muscles would be quite insufficient to protract so heavy an

organ as the eye to the degree actually attained. It is therefore

evident that this result is attained by the pressure of the fluid

contents of the orbital cavity, and that the recessus is functional in
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regulating these vertical movements,—in affording an outlet to the

lluid of the orbital cavity when the eye is withdrawn by the con-

traction of the recti and oblique muscles, and in protracting it when
these muscles are relaxed by driving back the fluid into the cavity.

Its action appears to be almost if not wholly involuntary ; but

though one might expect to find a connection with the sympathetic

system, I have not succeeded in doing so.

According to my observations, limited to Pleurouectes, Solea, and

Rhombus, the power of protraction is possessed in degrees corre-

sponding to the order in which I have named these three genera,

and the recessus is developed in the same degree. That the organ

of the upper eye is always the larger is explained by the condition of

the orbital cavity. That of the lower eye is in part bounded only by

loose skin, which allows some play to the elasticity of the undiffer-

entiated part of the membranous wall when the eye muscles are

contracted, and is also sensible to the pressure of the external

element when the muscles are relaxed. The upper orbital cavity,

however, bounded as it is by the skull and firm dorsal muscles, is

wholly dependent on its accessory organ as an outlet for the fluid.

The eye, in fact, could not possibly be retracted if no recessus were

present. The great inequality in the accessory organs of the halibut,

which exhibits the minimum development of the lower and the

maximum of the upper recessus, is probably due to the convexity of

the head, whereby the lower eye is set in a higher plane than the

upper, which is also much nearer the dorsal ridge than in the other

species studied. Hence it is evident that the pressure required to

raise both eyes to the same level must be very unequal, but I have

no means of saying from actual observation that the eyes are

protracted to the same plane in life.

A pouch-like diverticulum of the membranous wall of the orbital

cavity was discovered many years ago by Dr. Giinther in Chorino-

chdismus dentex, one of the Gobiesocidge. So far as I can tell

from examination of the organ in a specimen that has been a

very long time in alcohol, it corresponds well enough to the recessive

of flat-fishes. Dr. Giinther conjectured that it might represent a

saccus lacrymalis ; but though I am loath to speculate on this subject

without a knowledge of its development, I am bound to say that the

relationships of the organ to the orbital cavity do not appear to point

to this homology. The organ lies between the eye and the maxilla,

but the different position of the recessus of the lower eye in a flat-

fish is only such as would be brought about by the rotation which

we know to take place in the eye of a metamorphosing Pleuronectid

larva. A difference in the levels of the eye in the British Museum
series of C. dentex suggests that the function of the organ is similar
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to that wliicli I have demonstrated in the case of the reccssus ; and

very probably this structure, which I suspect to be no more than a

specialised portion of the membranous wall, not homologous with any

known visual organ in higher animals, may prove to have a wider

distribution than is at present known to us.

V. On an Adult Specimen op the Common Sole with Symmetrical

Eyes, with a Discussion op its Bearing on Ambicolokation.

Under the above title a detailed description of the specimen in

question was communicated to the Zoological Society at a recent

meeting. The fish is a female 15 inches long, differing from a

normal specimen in no external feature of note except that the left

(normally the upper) eye is nearly opposite to the right. The eye

is partially withdrawn below the skin, and its vision doubtless must

have been to some extent further impeded by the sensory filaments,

which extend right up to the periphery of the cornea. Still, with-

out doubt, the fish could see reasonably well with this eye. The
left side is colourless, and the effect of the eye, which had the iris

of the normal colour, peering out from the dead white surrounding

region, was very striking in the fresh condition. On examining the

skull it was found that the union of the left ectethmoid and sphe-

notic into the " pseudo-mesial process " of Traquair had taken place

as usual, and had taken on its usual fibrous connection with the

large ligament bone which underlies the interneural spines of the

anterior part of the dorsal fin. The abnormality of the skull was,

in fact, limited to a slightly less development of the left ectethmoid,

especially of its anterior spur, and the greater size of the very vari-

able foramen which exists between the pseudo-mesial process and the

parasphenoid. This foramen normally gives exit to a cranial nerve,

and puts the left recessus orhitalis into communication with the left

(or upper) orbital cavity ; but in the specimen before us it is tra-

versed by the muscles and the optic nerve of the left eye. The
muscles have precisely their normal attachment, and the left ect-

ethmoid has undergone the normal rotation. The eye rests internally

against the pseudo-mesial process, and the general arrangement of

the parts suggests that it has been drawn by the rotation of the

attachment of the oblique muscles as far inwards a^ the interposition

as the pseudo-mesial process has permitted it to go.

The question of ambicoloration is dealt with at some length in the

paper, but the exigencies of space only permit me to notice a few

points. In the first place it is evident that the occurrence of a

normally coloured flat-fish with practically symmetrical eyes renders

it evident that there is no necessary connection between the ambi-
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colorate condition and the partial arrest of the migration of the upper

eye met with in so-called " Cyclopean '^ examples. In making full

reference to the recent important memoir of Messrs. Cunningham and
MacMunn on the Coloration of the Skin of Fishes (Phil. Trans.,

1894, p. 765), such additional material as I have examined points to

a general acceptance of the opinions on ambicoloration therein formu-

lated, but several minor details require a few words. Thus the re-

striction, apparent from the examples studied by these authors, of

pigmentation of the lower side to the region posterior to an imaginary
line drawn through the pre-operculum, in partially ambicolorate but

structurally normal turbot, does not hold good in the case of one which
has recently come into my hands. No malformation is apparent, but

the anterior border of the continuous pigmentation is formed by a

line which passes from the origin of the dorsal to the angle of the pre-

operculum, and thence forward again across the lower part of the gill

cover to the anterior end of the isthmus. In addition, the maxilla

and a great part of the mandible are also coloured. Accordingly, while

admitting that Cunningham and MacMunn' s limitation covers the

great majority of cases, we must hold that any degree of ambicolo-

ration, short of completeness, may occur in the turbot without apparent

structural abnormality.

The authors note that reliable records of the " Cyclopean malfor-

mation '' are limited to certain genera and species, which do not

include the sole, but are unable to discover any '' correlation between
the occurrence of this malformation and any peculiarity of the

species in which it occurs." So far as the sole is concerned, this

species has a skeletal peculiarity in the form of a great blade-like

ligament bone interposed between the base of the front part of the

dorsal fin and the top of the skull, which is not present in any of the

genera in which the malformation has been observed. Taking into

consideration the relationship of the parts concerned in the mal-

formation, I suggest the possibility that this feature may supply the

missing correlation. It is also possible, and perhaps more likely, that

the burrowing habits of the sole would be fatal to the survival of a
" Cyclopean " example of this species, since the length of the '' hook "

necessitated by the great forward extension of the dorsal would be

a serious impediment to it, while all available evidence supports the

opinion of the authors that their abnormal flat-fish do not differ at

all in habit from their normal brethren.

The authors note the frequent occurrence in the brill of a form of

ambicoloration in which spots of pigment occur in a series along the

interneural and interhaemal regions of the lower side, and Bateson (in

a communication to the Zoological Society which I have not yet

in print) has pointed out that these spots are symmetrically arranged
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with regard to tlie numbers of tlie dorsal and anal fin-rays. I do

not find it stated, however, that these spots are obviously the sur-

vivors of those which are so conspicuous in the metamorphosing larvae

of nearly all flat-fish, and which occur, moreover, in the larval condi-

tion of many round-fishes. Further, the same series of spots are

retained throughout life on the ocular side of some of the smallest

Pleuronectids (e. g. Rhomihiin norvegicus), and I am strongly of

opinion that the frequency of this form of ambicoloration in the brill

points to atavism as an important factor in ambicoloration generally.

Messrs. Cunningham and MacMunn cite a difiiculty in the way of this

interpretation of atavism, which I am unable to appreciate. It is that

the " symmetrically vertically swimming ancestor of the flat-fish
''

must have had " an unpigmented white or silvery ventral surface, as

other symmetrical fishes have," whereas in an ambicolorate flat-fish

the dorsal and ventral regions are equally pigmented. But vertically

swimming fishes are not all pale on the under surface, such forms as

Platax and Dascyllus, in remotely related families, being as dark

below as above ; and it is surely reasonable to suppose that the

flat-fish of to-day were derived from high laterally compressed fishes

such as these, rather than from round-fish of the ordinary type. Even
flat-bellied round-fish living at great depths may be as dark, or darker

on the belly than on the back, as in the case of Macrurus se.qualis ;

and I do not see why the fact, so ably demonstrated by Cunningham,

that the colourless side of a flat-fish may retain the power of pigment

production under favourable conditions of light, should not suggest

to us that the pale ventral surface of a round-fish may be potentially

darker, or even as dark as the dorsal region.

Another point which appears to me to distinctly hint at atavism

as a factor in ambicoloration is the constant or very usual co-existence

of what one may term "ambiciliation," i. e. the dermal armature is

much more equally developed in ambicolorate than in normally

coloured flat-fish. It is difficult to see how this can depend on the

light, while it is quite intelligible that any reversion of the derma
should react equally on the colour and the armament.

VI. The Repkoduction of Caranx trachurus, Linn., the Scad or

Horse-mackerel.

In my paper on the eggs and larval and post-larval stages of

Teleosteans taken during the survey of the west coast of Ireland

(" Sci. Trans. R. Dub. Soc," vol. v, ser. 3, p. 9), I included some

notes on the intra-ovarian e^g of this species, as to the development

of which no previous information was forthcoming.

The material then at my disposal seemed to justify the conjecture
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that the ripe egg would be found to be pelagic, and similar to that

of the mackerel, only smaller.

I am now able to describe the ripe unfertilized egg, having

obtained a number of spawning females from the North Sea on the

19th May, 1894. Ripe males were obtained on the same day, but

the milt appeared in bad condition ; at all events, an attempt at

artificial fertilization proved unsuccessful.

The fish, which were stated to have been caught on the previous day,

appeared perfectly fresh, and on pressing those which appeared to be

gravid the spawn was readily discharged. Somewhat to my surprise,

the ripe ova were in most cases accompanied by a great number which
were still opaque, though only gentle pressure was applied. When
only ripe ova were ejected the whole mass had a distinctly yellowish

colour, which I subsequently found to be caused by the fact that the

oil-globule is usually of a bright orange colour to the naked eye.

Under the microscope, whether by reflected or transmitted light, the

globule appears cupreous. In the spawn of one individual the globules

were practically colourless.

The eggs, for the most part, were not spherical, but were

quite translucent, and floated buoyantly in the estuarine water of

the Cleethorpes tanks. I estimated the diameter, in the spherical

condition, to vary from 1'03 to 1*09 mm. The diameter of the oil-

globule, when only one was present, varied from "26 to "27 mm., but

some ova, when first extruded, exhibited two or three smaller globules

which soon fused into one. Motella tnustela and Trigla cuculus show

a similar, if less rapid, fusion of the globules after deposition, and

the last-named species also illustrates a similar variation in the

coloration of the globules.

The zona, in the species under discussion, is very thin, and is

sparingly and rather irregularly dotted with minute vesicle -like

markings—a character noticeable in the newly deposited ova of many
Teleosteans.

The chief peculiarity occurs in the yolk, which in the ova that

seem to be ripe is perfectly colourless and translucent, and divided

throughout its substance into a number of segments of varying size.

The segments are mostly more or less rounded in outline, and the

general appearance can be more aptly compared to that of a mass

of small bubbles than to anything else. Fig. 1 shows the surface of

such an ovum. It will be noticed that the segments do not overlie

any part of the oil-globule, which appears invariably to occupy a

small area of unsegmented yolk-substance. In most ova this area is

confined to the immediate neighbourhood of the globule, but in one

it occupied at least one third of the whole yolk mass. The segmented

area was evidently encroaching by the formation of fresh segments.
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as during the time I had the ovvim under observation, a vesicle which

appeared at first to be united by a narrow neck to the undifferentiated

Fig. 1.— Uufertilized egg shortly after extrusion.

region became entirely separated from it. The process was probably

taking place over the whole area, but it was only possible to observe

the final constriction in the case of this particular segment, as none

of the others were in profile. I conclude that the formation of the yolk

segments takes place after the hyaline enlargement of the ovarian

egg has manifested itself, and, so far as my observations go, it

appears to extend gradually from pole to pole. I am inclined to

suspect that it may extend more rapidly along the periphery, since

in examining some ova immediately after extrusion I failed to

satisfy myself that the central region was segmented. Others, how-

ever, at the same stage, and all older living ova examined, were

segmented throughout.

I attempted artificial fertilization, but do not think it was success-

ful. Forty-eight hours later all the ova were dead, except a few

kept in a vessel to which no milt had been applied. These last

presented the appearance shown in Fig. 2. A very slight peri-

vitelline space had appeared, and there was a small and slightly

opaque blastodermic cap : the character of the yolk was unchanged,

and the eggs still floated.

The dead ova in all the vessels, whether supplied with milt or

not, exhibited a similar blastoderm, which, as is well known, fre-

quently appears without fertilization. The yolk presented a peculiar

appearance, the segments being restricted to an irregular mass
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underlying- the blastoderm (Fig. 3). None were visible m the vege-

tative third of the yolk mass, nor did they extend, as a rule, to the

periphery in any region. The blastoderm was opaque and gi-anular.

L was also, but to a less degree, the unsegmented part of the yolk,

Fig. 2.-Living unfertilized egg forty-eight hours after extrusion.

Fig. 3.-Dead uufertilized egg forty-eight hours after extrusion.

The seo-mented part, however, retained in great measure its former

translucency, but the segments, especially those near the surface

we™'r egnlar. I consider that this condition was arrived at

Ty del m'positfon setting in from the periphery --01--^^^^-^;;^

ing down of the peripheral segments, and not by a shrinkage of the

segments towards the central area.
^pasures

To recapitulate : the egg of the scad is pelagic, and measures
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about r03 to r09 mm. in diameter before fertilization ; it possesses

a single oil-globule, '26 to "27 mm., either colourless or of a bright

orange colour (and probably of any intermediate tint) , which presum-

ably disappears more or less with the development of the egg.

The perivitelline space is probably small. The yolk is colourless, and

segmented throughout, the segments in early stages having a very

characteristic vesicular appearance, not noticeable in the ova of

Clupeoids.

So far as I am aware, no other acanthopterous fish is known to

possess an egg with completely segmented yolk. The existence of

this feature in such widely separated families as the Clupeidse and

Carangidae seems to show that it is of no taxonomic importance.

VII. On a Dwarf Variety of the Plaice (Pleurouectes platessa,

Linn.), with some Remarks on the Occasional Ciliation of

THE Scales in that Species.

On the 28tli February, 1894, I noticed a number of boxes of small

plaice in the Grimsby market, and was informed that they had been

consigned thither by cargo steamer from Hamburg.

It was at once apparent that they differed in some respects from

the small plaice landed by our own fishing- boats, as also from any

that I had hitherto examined among consignments which reach this

port from time to time from Continental sources. It was evident,

in fact, that, although very small, they were nearly all sexually

mature, and actually ripe.

I selected what appeared to be a representative series for closer

examination at the Cleethorpes Laboratory, and found that the

smallest ripe female measured only 9| inches in total length, whilst

the largest fish of the lot, also a ripe female, was only 13^ inches

long. My selection, having been made mainly with a view to inquiry

as to size in relation to sexual maturity in the more important sex,

consisted almost entirely of females.

With the exception of the coloration, which was in some indi-

viduals rather unusual, I could detect no character in which these

fish differed to an appreciable extent from the North Sea examples

with which I am familiar, but from the presence in the same consign-

ment of a number of unusually spinous flounders {P.Jlesus, Gottsche)

I formed the idea that they must have been caught in some locality

to which our own vessels never penetrate.

I need hardly say that, in view of the opinion I have expressed in

this Journal and elsewhere as to the large size at which North Sea
plaice first begin to spawn, the occurrence of such small mature exam-
ples (possibly from a North Sea ground) came as rather a shock to me.
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Therefore wlieii^ through the courtesy of Mr. Gr. H. Mudcl, I had
been put into communication with the consigners^ I was greatly

relieved to find that the fish were actually caught in the Baltic, and
not in the North Sea at all.

Since it appeared to be within the bounds of possibility that

the very unusvial weather of last summer might have had some effect

in accelerating the maturation of the sexual organs in young fish, I

had in the meantime examined a number of small plaice which were

being brought into the market from the tisual sources (including a

large number landed by a German steam-trawler from the Horn
B-eef), but found the conditions to be precisely similar to those which

I had noted and recorded in previous years.

The Hamburg merchant from whom I derived my information as

to the origin of the small spawning fish also tells me that they

never grow to a large size and are sometimes called " Golden

butts." Now '^ Goldbutt " is the vernacular name which Gottsche

found to be applied to what he considered the most typical examples

of PI, platessa, Linn. He describes two varieties, PI. borealis and

PI. 'pseudojlesus.*

The points in which the latter variety diifers from the type (of

Gottsche) are indicated as the presence of ciliated scales on the ocular

side (on the sides of the head and of the abdomen, along the lateral

line, and along the bases of the dorsal and anal fins), and the small

number of the dorsal and anal rays. This variety, in which, as is

implied by the description given by Smitt,t the blind side may also be

to some extent ciliated, is stated by that writer to be identical with

Nilsson's var. haltica, and to be commonest in the Sound and the

Baltic. I do not find that Gottsche expressly mentions that it has

been taken in the North Sea, since its occurrence in Hamburg
market is no proof of this. Kroyer, however, has recorded it from

Hastholm.J Gottsche noted that "gold butt ^' first appeared in the

Hamburg market in winter, and only rarely. At Copenhagen they

were in the market the whole of summer. Most were taken in

Oresund. PL pseudojJesus are simply stated to have been taken in

company with "gold butt."

I had considered it very probable that PI. jisevdojiesus occurred

amongst the small plaice which are constantly landed at Grimsby

during the spring and summer from the opposite coast of the North

Sea, but had never succeeded in finding any, nor, among the first

lot which I obtained from the Baltic, could 1 find any trace of cilia-

tion. As I have already remarked, those which I examined were

* Wiegm. Arch., 1835, p. 143,

t Hist. Skiiiid. Fish., cd. 2, 1893, i, p. 393.

X Teste Siuitt, loc. cit.
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nearly all females, a point worthy of note in this connection. The

number of fin-rays, however, presented some approach to the formula

given by Grottsche, but the variation was in excess of that therein

indicated, since some of the specimens had as many rays as a typical

North Sea plaice.

Two other consignments of small Baltic plaice were received at

Grimsby a little later, and I again examined a number of specimens.

In one consignment I found a single fish with very well-marked cilia-

tion, but the rest of those which I handled appeared in the somewhat

dim light of the fish market to be quite smooth. In the third con-

signment a box proved to contain nearly equal numbers of ciliate

and smooth examples. The ciliation was present in different degrees,

so that there was an absolute continuity in the series from the

perfectly smooth to the fnlly ciliate condition.

In those examples in which the ciliation is most strongly marked,

the scales on the head and interspinous regions of the ocular side

have the free margin produced into from two to four distinct spines,

which are outwardly directed, so as to project vertically to the sur-

face of the body. The scales of the median region of the body are

only feebly or not at all ciliate, the spines when present being more

numerous than those in the regions previously referred to, but much
smaller and not outwardly directed. The scales on the ocular sides

of the fin- rays are also feebly ciliate.

On the blind side the ciliation is much less marked, and is alto-

gether absent from the scales on the prominent parts. The scales

on both sides exhibit a certain degree of imbrication, but not more

than may be observed in young examples of ordinary North Sea

plaice, the non-imbrication of the scales in this species being a cha-

racter only entirely applicable, at best, to large examples.

The proportions of the small Baltic fish, whether ciliate or smooth,

are of no service in distinguishing them from ordinary plaice, but

some of the ciliate examples are rather strikingly coloured.

The following notes were taken from the fresh condition :—Ocular

side reddish brown, with a number of orange spots. Of these the

larger are irregular in shape, and surrounded by a narrow pale
'' halo," while each scale in the orange part is outlined with dark

brown. The largest spot, in an individual 10 inches long, measured

tV ^y t inch. These spots occur chiefly on the dorsal half of the

body, viz. along the interneural ridge, and dorsal to the lateral line.

The smaller orange spots are also most numerous on the dorsal half.

A number of dark brown or blackish spots, some interspersed with a

little orange, occur chiefly on the ventral half. Rows of large

blackish patches, some with an orange centre, occur along the dorsal

and anal fins, and some small dark markings are present on the
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caudal fin. The blind side lias tlio semi-translucent whiteness

characteristic of normally coloured plaice.

Most of the smooth examples which I examined had only small

pale orange spots, rather few in number and remote from each other.

Such was also the case in only slightly ciliate examples, but both

series showed intermediate degrees of coloration, rendering it

impossible to draw any absolute distinction based on colour alone.

While dealing with the coloration it is worthy of remark that

amongst a number of flounders {PL Jiesus) present in the consign-

ments of small plaice, some were pigmented in very much the same way

as the most ciliate of the plaice, but had no dark pigment, while the

blind side was dead white. Other flounders in the same consignment

were uniform brown or blackish brown (on the ocular side).

The flounders were very much more spinous than any which 1

have seen from our own coasts, practically the whole of the ocular

surface being in some cases covered with rough tubercles, which

were also present to a considerable degree on the blind side.

According to Smitt (op. cit., p. 397) Scandinavian flounders appear

to be also more spinous than our own, in which the tubercles, accord-

ing to my experience, are confined to the lateral line and the bases

of the dorsal and anal fins. On examining examples from the Atlantic

coast of Denmark I find some in which the spinulatiou is rather in

excess of that exhibited by British specimens, a condition which

might be expected from the intermediate position of the locality.

To return to the Baltic plaice, I handed over a series of ciliate

and non-ciliate examples to Dr. Giinther, who suggested that the

ciliate ones were the males. I know of no observations which

support such an opinion, but, on examining those which I had

reserved for my own use, I find that it appears to be correct.

I append a list of the fish examined for this purpose.

Inches long.

A. 12i ..

B. llf ..

C. lOf ..

D. 10

E. 12 ..

F. 9 ..

G. 9| ..

H. 8| ..

J. 9| ..

K. 9| ..

L. m ..

Smooth
J
female ; mature

„ male; immature

Head feebly ciliate ; female; mature

Head and interspinous regions ciliate; male; mature

Clliation extending a little on to trunk „

Intermediate between H and L „

Everywhere ciliate except in immediate neighbourhood

of pectoral; male; mature

. D. 75 ..
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ray formula was D, 63—74, A. 47—55. The formula of all which

I have examined is therefore D. 63—75, A. 47—55, and it is evident

from the condition in those separately enumerated that the formula

shows no grounds for suggesting a distinction, other than sexual,

between the ciliate and smooth examples. I have omitted to tran-

scribe the proportions, as they differ in no degree inexplicable as

individual variation.

The inferences which appear to be permissible from the details

enumerated above are as follows :— (1) The female, in these dwarf

Baltic plaice, is either smooth, or ciliated only on the head. (2)

The male is almost always more or less ciliate
;
perhaps always ciliate

when mature, the ciliation increasing with the growth of the fish.

I may add that none of my examples show the ciliation especially

conspicuous along the lateral line, though this has been given as a

character of PI. 'pseudojiesus.

It would appear^ then, that the variety last named is merely the

male of what Gottsche considered to be the typical form of PI.

jylatessa, i.e. the "gold butt.^' The "scholle,'^ the variety PI. horealis

of the same author, appears to be the ordinary North Sea plaice.

Apart from these Baltic fish, I have met with instances of ciliation

in two other examples of the plaice. The first was a mature male,

19| inches in length, taken in April of the present year on the Great

Fisher Bank. In colour and general appearance it resembles a

number of normal examples taken at the same time, but the scales

on the ocular side have about 8 to 10 very short pectinations in the

central region of the posterior edge. On the blind side the scales

are either smooth or only very feebly ciliate.

The other example is a male from Iceland, 24^ inches long. The
ciliation of the ocular side is much the same as in the Fisher Bank
specimen, but the scales of the blind side are smooth. In both ex-

amples the scales of the caudal region imbricate to some extent, but

not more than in smooth fish from the same locality, and the ciliation

is by no means confined to this region of the body.

There is good reason to believe that there is a regular migration

of plaice between the Fisher Bank and the north-west coast of

Denmark (and probably also the Sound) , and that, in fact, the Fisher

Bank plaice are reared on the Danish coast. It is not, therefore,

surprising that ciliate examples should be met with both on the

Fisher Bank and at Hastholm.

It seems probable enough that the characters of ciliation and size

would be found to vary in a degree corresponding to the locality if

a series could be obtained from the different parts of Denmark, from

the Baltic to the southern region of the North Sea coast. No such

material, however, is available, and all that can be said, in view of
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observations recorded above, is tliat tlie diagnosis of PI. ylatessa

must be so amended as to allow for the occurrence of ciliated scales,

especially in males.

Judging by the analogy of fresli-water fisli {e.g. Salmo, &c.), it

seems quite possible that fish which reach a large size in the North

Sea might remain permanently stunted if confined to the Baltic.

On such an hypothesis one might regard the small mature Baltic plaice

as distinct in nothing, save environment, from their larger brethren

in the North Sea. The very general ciliation of the males in the

former, and the rarity of this character in the latter seems, however,

to show that a more important distinction exists, and that the small

fish are a true variety, indistinct enough, no doubt, if specimens

from intermediate localities could be procured. Living ova, which I

took from some of the specimens described above, measured from
1"706 to 1"796 mm. in the unfertilized condition, dimensions which

overlap the extremes recorded for the ova of Atlantic plaice, but

which nevertheless yield a considerably less mean diameter. That

the Baltic herring are considerably smaller than the North Sea and
Atlantic representatives of the same species is well known, and it

would appear that the difference in size is apparent from the earliest

stages, since the former, when newly hatched, are only 5*2 to 5*3 mm.
long (Kupffer), and therefore about 2 mm. shorter than such newly

hatched North Sea larvge as have come under my own notice (Ann.

Mag. Nat. Hist., 1889, p. 369).

On the other hand, the flounders which I found amongst the con-

signment of Baltic plaice were fully as large as those met with on

our own coasts, and it is a significant fact that the flounder is a fish

which flourishes best in brackish or even in nearly fresh water. The

low specific gravity of the Baltic water is familiar to everybody, as

is also the fact that its existing fauna differs, in the absence of

certain marine organisms, from that of the open sea. Hence it is

very interesting to note that these small plaice appear to reach a

limit of size (about 13| inches) which practically corresponds to

the size which is attained by a young North Sea plaice before it

leaves such an estuary as the Humber for the offshore grounds. It

is, no doubt, the quest of food suitable to its increasing needs that

causes the emigration of the young North Sea fish, and even without

special knowledge of the food-supply in the Baltic, it is perhaps per-

missible to assume that it is the inadequacy of the food that limits

the growth of the goldbutt. It is restricted, in fact, to a perma-

nently estuarine condition.

The question of dermal armature in relation to environment is

much more difficult, and I am not at present prepared to attack it

;

I may say, however, that materials which I have been accumulating
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point to some conclusion in wliicli the theory of protection has no

very obvious place.

VIII. On some Specimens op Molva ahyssorum, Nilss., peom Iceland

AND Faroe.

The present note is a brief abstract of a paper read before the

Zoological Society in May of the present year. The species was

previously known only from the coast of Scandinavia, where it

occurs chiefly at depths exceeding 100 fathoms, and appears to be

known as the Birkelonge, or " Trade Ling." I was able to show

that it occurs regularly, if in rather small numbers, on the lining

grounds off Faroe, and has also been taken, both by line and trawl,

on the south coast of Iceland,

The species may be described as differing from the common ling

{M. vulgaris, Flem.) chiefly in characters which, in Gadoid fishes,

have been found to be indifferently associated with either an

abysmal or a boreal habitat. Thus the maximum size reached is

smaller, the eye larger, the fin-rays more numerous, the body more

slender and elongate, and the caudal peduncle very much more

slender than in the common ling. The visceral anatomy shows very

well marked characters ; the liver is very large, and the walls of the

alimentary canal extremely delicate—so much so, in fact, that it is

difficult to lift the intestine, even in fresh specimens, without ruptur-

ing it. Besides being more delicate, the intestine is also much
shorter than that of the common ling, while the stomach is much
larger. The comparative shortness of the intestine has been noted

by Giinther in the case of a deep-sea member of the Percidee, and a

reduction in the thickness of the walls of this structure appears to

be strictly comparable to the reduction noticeable in the bones and

muscles of deep-sea fish generally.

The air-bladders of the two species of ling do not differ materially,

but the kidney of the deep-sea fish is less swollen in its posterior

region than that of M. vulgaris. Moreover the so-called head-

kidney in M. ahyssorum is more definite in outline than the corre-

sponding structure in the common ling, and was found to be typically

reniform in structure and obviously functional. The head-kidney of

the common ling, however, contains a certain amount of reniform

matter, and cannot be regarded as wholly functionless.

At the time my remarks were written, the only figure of

M. ahyssorum which I was able to discover was a small outline

drawing given by Strom (Sond. Beskriv.), and I had therefore

appended a larger and more detailed figure, adding another of the

common species for purposes of comparison. However, before my
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paper was communicated to the Society, the appearance of Smith's

edition of the History of Scandinavian Fishes (Lond., 1893) supplied

coloured illustrations of both species. The figure of M. ahyssorum

dilfers from my own specimens, and from the descriptions given by

other authors, in that the upper jaw is shown as longer than the

lower. In all my own specimens, seven in number, the lower jaw

projects distinctly, but Smith states that the contrary was the case

in those which had come under his notice. They appear to have

been of rather smaller size, and there is an indication in my own
series that the relative length of the lower jaw increases with the

growth of the fish. This is well known to occur in Gadus virens, in

which the relative lengths of the jaws in the young are completely

reversed in the adults, but I do not think it can occur to anything

like the same extent in the species under discussion.

My paper, besides dealing at length with the points referred to

above, gives detailed measurements of all the specimens, and dis-

cusses the relative antiquity of the two species. My conclusion

that M. ahyssorum is a specialised offshoot from a form not greatly

differing from the common ling of the present day is exactly

opposite to that arrived at by Prof. Smith, who holds M. ahyssorum

to be " essentially the predecessor " of the other. To me it appears

impossible to accept this view without also regarding the typically

abysmal Gadoids as more primitive than the littoral forms, and such

an inference seems wholly unsupported by the interpretation which

the present state of our ignorance permits of the evidence of the

subject.

NEW SERIES.—VOL. Ill, NO. 111. 16
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Young Stages of Zeugoptems punctatus.

By

J. T. Ciiuniiig;Iiain, M.A.,
Naturalist to the Association.

On May 4th of the current year a number of small Pleuronectids

were captured by the hand in a pool left by the ebb tide at Plymouth

Breakwater, and brought to me alive. Two of them were very

transparent, and, from their habit of lying on the right side when at

rest, evidently sinistral forms. One of them was almost perfectly

symmetrical ; while in the other the torsion of the facial region and

eyes had commenced. The pigmentation had the form of inter-

rupted transverse bands, which were most conspicuous on the dorsal

and ventral fins ; on the dorsal fin seven bands were indicated.

The terminal portion of the original trunk, containing the notochord,

was seen at the upper edge of the caudal fin. The neurochord was

covered with pigment, forming a very distinct band, situated, how-

ever, not in the skin, but in the connective tissue surrounding the

neurochord or spinal cord. The mouth was large, and the snout up-

turned. The pectoral fin was large, the pelvic small. But the most

important characteristic was the presence of two straight spines pro-

jecting laterally from the auditory region. These have been called

otocystic spines by Prof. Mcintosh, but I think they would be more

appropriately described as periotic spines, as they are evidently pro-

jections of the periotic cartilage or bone ; to which particular bones

of the periotic region they belong has not been determined.

Mr. Holt cut sections of the spines in situ, and found that they

consisted of a knob of periotic cartilage passing into a mass of

undifferentiated cells, the whole forming the core of a dermal spine

consisting of hyaline ossified tissue. In my specimens I observed a

third spine, much smaller, situated in the region of the frontal bone,

behind and above the eye ; it was visible in both the stages.

The numbers of the fin-rays were D. 90, A. 69, in one specimen,

which was kept alive for a few days and preserved when the right
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eye had reached the dorsal edge of the head. The younger

specimen was 11 mm. in length; the other, after being preserved

and mounted, is 10 mm., a diminution which may be due to the

process of preservation, or partly perhaps to the advance in meta-

morphosis, a reduction of size during the transformation having been

observed by me in the flounder.

A sinistral Pleuronectid having these periotic spines was described

and figured by Mcintosh and Prince (Trans. Roy. Soc. Edinb., vol.

XXXV, pi. iii, 1890, p. 846) as a stage in the history of the turbot.

The specimen was 9*8 mm. long, and another specimen a few mm.
longer, having similar spines, is mentioned. The mention of the

spines alone seems to indicate that these specimens were either of

the same species as the specimens obtained by me, or a closely allied

form. The figure given, probably drawn from a spirit specimen, is

not perfectly characteristic.

A discussion of the identification of the larva with otocystic spines

is given by Prof. Mcintosh in the Tenth Eeport of the Fishery

Board for Scotland, p. 279. He refers to Mr. Holt^s opinion, that

it belongs to the brill, and mentions another specimen, taken on

Smith Bank off Caithness, in which the dorsal had 87 and the anal

62 rays.

In the Eleventh Report, published in 1 893, Prof. Mcintosh makes

a further contribution to the question of larval sinistral Pleuronectids.

He mentions no new specimens of the form here under consideration,

but gives his reasons for concluding that the young specimens shown

in pi. xiv, figs. 7, 10, and 11 of the Tenth Report, belong to ,^eit(70|)-

terus punctatiis : these were 4*5 to 9 mm. in length. He also thinks

it possible that the form with periotic spines may be a later stage

of the same species, the diminution in the size of the eye being due

to changes accompanying growth, or to abnormality. With this

opinion I cannot agree. The form without the spines has larger

eyes, and has the eye on the edge of the head when only 9 '5 mm.
long ; it is, I think, a distinct species.

It is somewhat difficult to follow the successive discussions in

which Prof. Mcintosh has described and compared his specimens of

young sinistral forms, more particularly as his figures are, as a rule,

inadequately characteristic, often having been delineated from dead

and imperfectly preserved specimens. Mr. Holt has been able to

give a more comprehensive and more completely illustrated descrip-

tion of specimens of similar characters procured in the survey of the

west coast of Ireland in 1890 and 1891. His results were published

last year in the Scientific Transactions of the Royal Dublin Society,

vol. V, ser. 3. The form with periotic spines (if it is a single

species and not more than one) is represented in Mr. Holt's collection
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(Species XIV in the memoir) by a number of specimens 5*87 to

10*62 mm, in length. The characteristic spines were present even

in the smallest specimens^ a fact sufficient to disprove Prof. Mcintosh's

supposition that the spines are developed only at the later stages.

Mr. Holt figures two stages, one perfectly symmetrical, 7 mm. in

length, having no fin-rays except the first indications of the caudal,

but having the characteristic transverse imperfect bands of pigment.

The other figure shows a stage 10"62 mm. long, in which the fin-rays

of the dorsal and ventral fins are developed. This stage, however,

is younger than those I have described, the termination of the

original body or opisthure not being so much reduced as in my
specimens, and not distinctly marked off from the dorsal and ventral

fins. The number of fin-rays in Mr. Holt's specimen was D. 80 ca,

A. 66 ca ; it was not possible to count the exact number.

Mr. Holt considers, and I agree with him, that this form cannot

belong to Arnoglossus megastoma, nor to A. laterna, of which he has

identified young specimens 19 mm. and 25 mm. in length respectively.

The eyes are relatively much larger in A. megastoma, and the young

A . laterna seems to have less pigment. He concludes that the parent

form is either Rhomhus Isevis, the brill, or Zeugopterus norvegicus,

the Norway topknot. Now, in my own opinion the suggestion of

the brill is out of the question for several reasons, one of which is

that in my specimen the fin-rays are D. 90, A. 69, while the maxima
in the brill according to Day are D. 85, A. 63. The symmetrical

stage of the brill figured by Raffaele, and nearly 8 mm. long, is of

a different shape, and much more opaque and pigmented.

With regard to Z. norvegicus, Giinther (Proc. Roy. Soc. Edin.,

No. 127, p. 217) gives the fin-rays as D. 80, A. QQ, and I have counted

D. 84 in one of my specimens, so that there is no evidence that the

number reaches as high as in my young form.

The remaining sinistral forms to be considered are the turbot,

R. maximus, whose young are known, and not identical with the

present form ; and the other two topknots, Z. punctatus and

unimaculatus. The fin-rays of the latter, according to Day, are

D. 70 to 80, A. 61 to QB>. Z. punctatiis, on the other hand, according

to the same authority, has D. 87 to 101, A. 69 to 80, so that there

is strong probability that this is the parent form we are seeking.

This conclusion is supported by the shape of the outline of the fins

in the larval specimens, the posterior part of the fish approaching a

rectangular shape, as in the adult Z. punctatus, and by the com-

parison of the shape of the snout in the latter and the young form.

The snout in the adult is very much shortened as compared with the

young, but it exhibits, apart from the anterior part of the dorsal

fin which is attached to it, a deep depression at the edge between
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the cranium and the extremity of tlie upper jaw ; and further, the

end of the upper jaw is broad and truncated in a manner which
resembles the character of the young form as seen in my specimens.
My conclusion as to the identification of the form with periotic

spines agrees with that of Prof. Mcintosh, but I differ from him in

not including the series of smaller forms without the spines.



206

Experiments on the Rearing of Pish Larvae in the

Season of 1894.

By

J. T. Cuuuiugliain, 91.A.,

Naturalist to the Association.

It may be useful to put on record the following notes of renewed

attempts to solve the difficult problem of rearing fish larvge.

On January 23rd a large number of eggs were observed in one

of the aquarium tanks which contained several whiting. The eggs

were collected and placed in a hatching jar, and began to hatch on

January 29tli. I prepared a small tank in the Laboratory for rearing

the larva. The outflow pipe was protected by placing over it an

inverted hatching-jar, open at both ends and resting on a layer of

sand and gravel. The water was supplied to the tank by a solid

carbon block filter attached to one of the jets. The inflow of water

was very slow indeed. The temperature in the tank on February

3rd was 12° C, and on this date the larvae in the tank were

healthy, having the jaws developed, but the yolk not yet all ab-

sorbed. One lot of larvae were put into the tank on January 30th, a

second lot on February 1st, On February 4th I put in some fine

particles of worm food, that is to say, ovarian eggs of Nereis obtained

by mincing the worms and then separating the eggs by decantation.

On the 5th, as the larvas did not seem to take the worm-food

readily, I put in some tow-net collections strained through fine bolt-

ting cloth so as to exclude the larger animals. Then I saw the

larvse pecking at this food, and in one I took out I found (in the

stomach) a Gasteropod larva with spiral shell. On the 6th I put in

a little of both kinds of food, and observed that the larv£e preferred

the pelagic ma>terial, but they did not feed vigorously on either

kind. On the 7th I examined a few, and found the stomachs of

most of them empty and dilated, but in one was a small Copepod.

On the 8tli the number of the larva3 was diminished ; on the 9th

very few were to be seen, and on the 10th none were found. In

the course of this experiment I found that when the supply of

water was very much reduced on account of the choking of the char-
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coal filter a scum of bacteria in tlie zoogloea form soon appeared on

the surface. I therefore replaced the charcoal filter by sand filters

made in a box or bottle, during the whole experiment supplying

water only through some kind of effective filter.

On March 10th flounder and plaice eggs were first seen at the

surface of the large tank, containing flat-fishes, in the aquarium. On
the 12th I collected a considerable number and put them in a hatch-

ing jar, and shortly afterwards placed others in a second hatching

jar. It was not practicable to separate the larger plaice eggs from

the smaller ones of the flounder. On the 19th the flounder eggs

were found to be hatched ; the plaice larvse began to emerge on the

22nd, and on the 24th I turned all the larvae out into one of the

Laboratory tanks, the inflow of water passing through a filter of sand

and gravel contained in a glass jar. I fed them as usual, partly

with eggs of Nereis, partly with strained material from the tow-nets.

On the same day I put some of the larvae into a bell-jar filled with

water brought in from the open sea. In the tank, in addition to

the inflow of water I arranged a delivery of air in small bubbles at

the bottom of the tank, thinking that this would serve two purposes,

to aerate the water and to keep the food-particles suspended.

The plaice larvee lost the yolk and began to feed on March 27th.

They took the worm food more readily than the living material from

the tow-nets. On April 2nd they were nine days old, and at this time

the very fine primordial rays had appeared in the posterior part of

the larval median fin membrane. On April 9th there were not many
surviving, and in these no great advance in development was visible,

but the commencement of the formation of the permanent caudal fin

was indicated. The number steadily diminished, and the last speci-

men was seen on April 23rd, when it was thirty days old. In these

older specimens the formation of the permanent fin-rays had not

commenced, still less had the rotation of the eyes begun to take

place.

The larvae in the bell-jar in water from the open sea lived a much

shorter time; the last was seen on April 1st.

Another lot of plaice larvae were hatched on April 9th, and I

turned them out into one of the Laboratory tanks supplied with water

directly from a jet without filtration, and I provided no air supply.

I fed these very carefully on the usual worm food, which they took

readily. I carefully washed the food, so as to keep out as much as

possible the blood and soluble matters derived from the worms.

These larvae began to die off as usual after some days, but two were

seen alive on May 16th, when they were thirty-seven days old, or

five weeks and two days, which is a much longer period than I have

succeeded in keeping them before.
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Nerve Elements of the Embryonic Lobster.

By

Edgar J. AUeu, B.!iic.L<OM(l.

After repeated trials witli dilute solutions of methylene blue upon

larvae and embryos of a number of the smaller decapod Crustacea^ a

favourable object for the study of the nervous system was at last

found in the embryo of the common lobster. The embryos of this

animal are specially advantageous on account of their large size,

which enables them to be readily manipulated without much damage
being done to their tissues, and also on account of the large size of

the individual nerve elements.

In order to expose the ganglionic cord in the thorax, it is only

necessary to break the yolk with needles and carefully remove it.

If the embryo thus prepared be placed with the dorsal surface of

the cord uppermost in a dilute solution of methylene blue in sea

water (1 : 50,000 or 1 : 100,000), staining of one or more nerve

elements takes place.

By practising this method upon a large number of embryos at

various stages of development, staining of the following elements has

been obtained :

1. Elements starting from cells in the brain or anterior thoracic

ganglia, and giving off fibres which can be traced throughout the

length of the ganglionic cord to the sixth abdominal ganglion. The
fibres of some of these elements pass down the cord upon the same

side as that on which the cell is situated, whilst others decussate and
pass down upon the opposite side. Many of the fibres give off

collateral branches to the neuropile of each ganglion through which
they pass. One pair of fibres belonging to this group are the

so-called giant fibres. They possess a diameter many times greater

than any other fibre in the cord, and start from a cell which lies on

the ventral surface of the brain. In the sixth abdominal ganglion

these fibres break up into a number of smaller branches.

2. Elements originating in a cell in one of the ganglia of the

cord; from which a fibre is given off, which after decussation with its
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fellow of the opposite side runs forwards along the cord, and can

be traced to the anterior part of the brain, where it ends by break-

ing up into fine branches.

3. Elements starting from a cell in one ganglion and giving off a

fibre which, after sending a number of arborescent branches to the

neuropile of that ganglion, ends in a small tuft of fine branches in

the ganglion next behind. ^ ,^

4. Elements starting from a cell in one ganglion giving off a

fibre which sends out lateral branches to the neuropile of the

ganglion, passes forwards to the next ganglion, where it gives off a

lateral tuft of branches, and ends also in a tuft of branches in the

next ganglion, but one in front of that in which the cell lay. The

terminal tuft lies close to the lateral tuft of the element of the next

ganglion, and directly opposite the terminal tuft of an element of

group 3.

5. Elements starting from a cell in a ganglion, giving off a fibre,

which passes through one of the lateral nerves of the cord, and finally

breaks up upon a muscle. A considerable number of elements of

this type can be distinguished, a;nd these are repeated in successive

ganglia. They must be regarded as motor elements.

6. Elements originating in a cell which lies in the dorsal ectoderm

of the abdomen—therefore entirely outside the ganglionic cord,—and

gives off a fibre which eventually enters one of the abdominal

ganglia, where it bifurcates, sending one branch forwards towards

the brain, whilst the other passes backwards through the posterior

ganglia. These elements are probably sensory in nature.

A full account of these observations, with figures, has appeared

in the Quarterly Journal of Microscopical Science.
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Thk year 1893 Avas one of exceptional interest to the marine

zoologist. During the first two months Plymonth experienced a

continuous succession of heavy gales, but towards the middle of

March the winds became lighter, and the sea, which had been i-unning

remarkably high outside the breakwater, subsided. From that time

onwards till the middle of September we enjoyed six months of the

most delightful weather,—a period, with scarcely a break, of calm

seas and almost cloudless skies. Under the influence of the great

heat the temperature of the Channel waters rose continuously^ until in

August it had attained a point unprecedented for quarter of a century
;

and it was of the highest interest to observe the effect of this high

temperature, and of the prolonged calmness of the sea, upon the

floating population of the neighbouring portion of the Channel.

Numbers of semi-oceanic forms which rarely reach our shores arrived

in remarkable profusion. In June the tow-nets were croAvded with

Salps, while towards the latter end of August they were almost

choked by masses of living Radiolaria.

Even the bottom fauna was influenced, as was shown by the

extraordinary abundance in the Sound thoughout the spring and
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summer of the Tectibrancli Philine aynrta. Osrjjnius memhranaceus

also, though to a less extent, was unusually plentiful, penetrating

even some distance up the Hamoaze.

Another phenomenon which is probable referable to the same cause,

although in a somewhat different manner, is the relatively greater

abundance this year (1894) of many of the regular constituents of

the bottom fauna. For example, the Hydroids Tuhularia indivisa

and a smaller form which appears to be Tuhularia humilis, together

with Coryne imsilla and Eudendrium ra^rnosum, have been taken in

the Sound this year in unusual quantity. The same remark applies

to many Nudibranchs, and especially to the .^olid Facelina coronata*

which has been remarkably common this year at Plymouth. I do

not doubt that the unusual abundance of these and other forms may
be directly attributed to the very favorable physical conditions under

which the reproduction of their species took place in the preceding

year. The destruction of larval life by physical agencies must then

have been considerably less than the normal rate. Indeed, in the

case of the oyster, as was attested by Prof. Herdman in a letter to

Nature (July, 1893, p. 269), there was undoubtedly an unusually heavy

fall of spat on the west coast of France last year, which implies that

an unusually large percentage of larvae were enabled to attach them-

selves and to pass safely through the critical stages of their meta-

morphosis ; and also, perhaps, that the reproductive activities them-

selves were rather above the normal.

So much for the general aspects of the fauna during the past

eighteen months. Additional facts bearing out the above remarks

may be gathered from the body of this paper.

In the three succeeding sections are given—firstly, a list of the

principal captures and additions to the fauna made since my lastt

communication to this journal up to May 30th, 1894, when I left

Plymouth ; secondly, some observations on the breeding seasons of

marine animals at Plymouth; and thirdly, some remarks on the

periodic changes in the constitution of the floating fauna.

In several respects, however, I have to regret the incompleteness

of my notes. They are compiled directly from my diaries, and are

written on foreign soil, where I am without access to some of the

appropriate works of reference and to several of my manuscripts.

On this account the last two sections especially of this paper are

offered simply as preliminary communications upon the interesting

* I showed some years ago that the smaller Nudibranchs are annuals, and require only

a year to attain their full growth. The same thing is true of Hydroids and many other

Invertebrates (this Journal, 1890, p. 450).

t Notes on the Marine Invertebrate Fauna of Plymouth for 1892, vol. ii, 1892, pp. 333

to 339.
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subjects of which they treat ; I shall endeavour to expand thorn

both in scope and detail when further observations have been made
and the time is ripe.

ROSCOFF; June 30ih, 1894.

I. Faunistic Kecoeds.

Hydrozoa.—Several additional colonies of Tuhiclava cornucopise

have been obtained in 15 to 25 fathoms of water south of the

Mewstone. In all cases they were growing, like our first specimen,

on shells of Aporrhais or Turritella, tenanted by the Grephyrean

Phoscolion strombi. Some of the colonies were young, and possessed

a reticulate stolon, like Norman's original specimens from the

Shetlands—thus confirming my anticipation that the solid carpet-

like base of large colonies is not a specific difference, but a senile

character (Trans, Devon. Assoc, 1892, pp. 378-9).

Glava cornea (of Hincks) is abundant on the fronds of Fucus

growing in that branch of the Hamoaze known as the Lynher, or

St. German's River.

In tide-pools under the Hoe two species of Glava are common, one

being C. multicornis, and the other a larger and stouter form, which

seems to be the Clava leptostyla of Hincks' s monograph. To prevent

confusion, however—since one of the characteristics of our form, at

any rate, the purple colour of the gonophores, is nowhere mentioned,

—I give its leading features here.—Colonies clustered, attached to

stems of algge and to the floor of limestone pools
;
polyps very large

and stout, tall when extended, of a rich salmon-flesh colour ; diges-

tive cavity having a distinctly spiral marking, or even coiled appear-

ance, which is seen when the polyps are fully extended as well as

when contracted
;

gonophores in two, three, four, or rarely five

large compact round bunches immediately beneath the tentacles,

and of a conspicuous purple colour when mature.

Tubularia indivisa has been dredged occasionally in Millbay

Channel. Good colonies were obtained there on April 13th, 1894,

but the gonophores were provided with very short stalks, and did

not form pendulous racemes. With them were large colonies also

of Tubularia larynx, crowded with gonophores. On March 9th a

small colony of a Tubularia was dredged in Barn Pool, growing on

some Ceramium or Polysiphonia attached to a root of Laminaria.

The stems were without annuli, the tentacles were white, and there

was a collar-like expansion below the hydranths, and I inferred the

species to be the T. humilis of Hincks's monograph. On the 19th,

however, I collected some other colonies from tide-pools below the

Hoe, and they resembled the preceding in almost all points except
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in the absence of a collar. The polypites were white, the stems

entirely destitute of annulations or corrugations, and white. The
colonies were crowded with gonophores, which each exhibited a red

patch. I scarcely doubt that these two forms belong to the same

species.

Coryue inisilla has been common in tide-pools below the Hoe,

side by side with Clava multicorins and Tuhtlaria humilis ; also on

the breakwater, and at Cremyll below the garden battery. Inter-

mediate varieties between the Coryne imsiJla and G. fruticosa of

Hincks are common. On July 17th, 1893, I found an extensive

colony of another Coryne attached to a root of Laminaria trawled in

the Sound. The stems were slender, branched, and irregularly

annulated ; the polyps red, much elongated, and provided with

fifteen to eighteen tentacles, scattered or irregularly whorled. The

colony attained a maximum height oi 1\ inches, but was for the

most part less than this, and of lax growth. It is undoubtedly

allied to Hincks's G. vermicularis, and I record it as such ; but it

should be noted that the colony was certainly not dense, and the

tentacles were apparently less numerous than in Hincks's type. As

our colony was without gonophores, however, it is possible that

these differences may have been due to immaturity.

Eudendrium ramosum has been frequently dredged on the New
Grounds and in Millbay Channel.

Garveia nutans was dredged in Millbay Channel several times

during April and May, 1894. It is interesting to notice that while

this species is common between tide-marks at Hilbre Island at the

mouth of the Dee, at Plymouth it is rare, and lives in deep water

only (15 to 20 fathoms).

Another Gymnoblast which I found plentiful on certain stones at

Cremyll presents several remarkable features which will justify a

separate description : it is now under examination.

During the latter half of February and March, 1893, the tow-nets

contained numerous specimens of the Anthomedusa Rathhea odo-

punctata, which is the Lizzia odopunctata of Forbes' " Naked-eyed

Medusge," and the Cytseis odopundata of M. Sars. Haeckel has

made a mistake in treating these as different forms, and in assigning

them to different genera, viz. to Margellium and Rathhea respec-

tively. In Haeckel's system (System der Medusen, pp. 95 and 97)

each of these types possesses eight bundles of tentacles, but in

Raf.hkea the bundles are perfectly similar to one another, while in

Margellium the four perradial bundles contain a greater number of

tentacles than the four interradial. The mature Rathkea {= Gytseis)

odopundaia of Sars and Haeckel is characterised by having three

tentacles to each bundle ; but since Sars has shown that the inter-
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radials develop later than the perradials, and that the lateral

tentacles of each bundle develop later than the median tentacle, a

stage is consequently passed through in which the perradial bundles

consist of three tentacles and the interradials of only one. On the

other hand, Margellium octopunctahim is defined by Haeckel as

possessing perradial bundles of three tentacles and interradials of

two tentacles—apparently on the sole basis of Forbes' figure (loc.

cit,, pi. xii, fig. 3). In this definition Haeckel has disregarded

Forbes' statement that the number of tentacles in the interradial

bundles is '' either two or three, . . . the number varying in

different specimens " (loc. cit., p. 65), and I am able to confirm

Forbes fully in this respect. The development of the lateral

tentacles in the interradial bundles takes place very irregularly.

In some instances I have seen them arising together, one on each

side of the median tentacle, and growing at a uniform rate ; but in

the majority of cases there is an irregularity in the time of their

origin, and one of the lateral tentacles may have become consider-

ably developed before the rudiment of the other has appeared. It

thus very often happens that individuals may be seen to possess

interradial bundles of two tentacles only, and it is this condition

which Forbes has figured. It is, however, as I have just shown,

simply an instance of temporary asymmetry due to inequality of

growth. The species Margellium octo'punctatu'm of Haeckel has con-

sequently no existence. The oral tentacles {Mundgrifel) of our own

specimens show a single bifurcation only (cf . Giard, Bull, Sci. France

et Belgique, xix, 1888, pp. 317, 318, pi. xxi), whereas Haeckel gives

" Mundgriffel 3—4 mal dichotomisch getheilt " as one of the

characteristics of his species,—upon what grounds I do not know.

The buds, so characteristic of this medusa, form a longitudinal row

on each of the four sides of the manubrium, each row containing

from two to four buds, which increase regularly in size from the

oral to the umbrellar region of the manubrium. I have not detected

the spiral arrangement attested by Giard, although his remarks on

the order of their development apply equally well to the specimens

I have examined. The medusa was taken in the tow-nets in

February and March of this year also, but not in the same abund-

ance as last year. It was succeeded towards the end of April by

other Margelid medusae, Botigainvillea [Margelis) , both principis and

ramosa of Haeckel, which seem, indeed, to form only one species.

Other Anthomedusge that have been taken are Curymorpha nutans,

which was abundant in May this year ; Sarsia prolifera and tuhulosa

(rarely), Podocoryne [Dysmorphosa) carnea, Tiara octona, Amphinema
Titania (= SapJienia dinema of Forbes), and Awphicodon amphi-

pleurus of Haeckel. The last-mentioned very remarkable medusa
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had numerous buds arising from the tentacle bundle ; it was taken

on a few occasions only during April of this year.

Among Calyptoblastic Hydroids, I may record that Diphasia

rosacea is common on stones in Millbay Channel.

The Campanularian medusie offer great difficulties in the way of

satisfactory identification, owing to our ignorance of the limits of

growth and modification of which so many of the medusEe are capable

after liberation ; I will therefore content myself with descriptions in

several cases. Several specimens of a large, delicate, and perfectly

transparent medusa were dipped up from the boat's side on October

6th, 1892, which I found, upon examination, to be the Irene pelkicida

of Will, redescribed by Clans in the Arbeiten des Zoologisches Ins't.

zu Wien, iv. This medusa is the Gertjonopsis pellucida of Forbes'

monograph (p. 40), but is altogether distinct from the species

described by Haeckel under the name Irene ptellucida. The umbrella

was depressed and broad, 2*4 cm. in diameter. The gonads extended

8 mm. from the edge of the umbrella, i. e. only two thirds of the radius.

There was a distinct peduncle {Magenstiel) , conical in form, 5 mm.
long. The oral lips, four in number, were produced and fimbriated.

The tentacles, sixty-four in number, were very regularly disposed (4 +
4 + 8 + 16 + 32). The primary and secondary tentacles were as long

as or longer than the oral lips, and the tentacles of the remaining

orders diminished regularly in size and length according to their

respective orders. Each tentacle consisted of a basal bulb and a

terminal filament, often coiled. There was no trace, however, of true

" spiral cirri." In addition there was also a variable number of

tentacle rudiments, devoid of filaments, in positions which indicated

the commencing formation of a sixth order of tentacles, sixty-four in

number. Otolithic vesicles were present, usually one between every

two adjacent tentacles, never more. Every tentacle was provided

with an excretory pore, opening into the umbrellar cavity at the tip

of a tubercle placed just above the velum. The species differs from

the Irene -pellucida and Irene viridula oi Haeckel's monograph in the

absence of spiral cirri. From the former it also differs in the fim-

briation of the oral lips, in the absence of a conspicuous constriction

between peduncle and stomach, in the regularity of the tentacles,

and in the distal position of the gonads ou the radial canals. From
the Geryonopsis delicatula of Forbes it differs in the regularity of the

tentacles, in the absence of a conspicuous contraction of the peduncle,

and in the smaller size of the oral lips and of the velum.

In addition to Laodice cruciata (= Thauwantias pilosella oi Forbes

and the ''Irene viridula" of Mr. Bies's Notes on the Plankton of

Plymouth, this Journal, II, 1892, p. 342), which is common at Ply-

mouth every summer, numbers of an 7re?ie-like Phialid were taken
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in tlie tow-nets during August, 1893. The tentacles were regular,

and sixteen in number. One or generally two otocysts were situated

between every two adjacent tentacles. There were no cirri. The

mouth had four very short lips, absolutely smooth ; and there was

no peduncle. The gonads formed four oval swellings almost at the

distal extremities of the four radial canals.

Early in February this year I again saw a number of Lepto-

medusge resembling those just described in many respects, but

approaching more nearly Haeckel^s Phialidium variahile. The size

was in some cases as much as that of a threepenny piece. The

tentacles, sixteen in number, were long, and arose from stout pigmented

bulbs. There was one otocyst between every two adjacent tentacles,

and in one instance I saw two in that position. No peduncle.

Radial canals four
;
gonads oval, elongated, in the distal halves.

The species at first suggested to me the Epenthesis cymhaloidea of

Haeckel, but the occasional occurrence of two otocysts in an inter-

tentacular arc, the absence of a distinct ocellus, and the sharp

boundary between the basis and filament of the tentacles, eventually

inclined me towards Phialidium variahile.

Another Leptomedusa which it may be useful to record is the

Thaiimantias octona of Forbes, which I observed on two occasions in

February and March, 1894. Haeckel places this medusa in the

genus Eucope, owing to his belief that the " two vesicles " which

Forbes describes and figures in juxtaposition on the edge of the

umbrella are the optical expression of an otolithic capsule. These

bodies, however, are quite separate from one another, as described by

Forbes ; and although I am not able to throw any light on their function

or fate, I may say that Haeckel's suggestion is devoid of foundation.

The interesting Lucernarian DejKistrum cyathiforme was twice

obtained last year, in March at Drake's Island, and in MayatHame
Head. One of the specimens obtained at the latter place exhibited

a distinct lateral bud, a phenomenon not hitherto recorded, I believe,

among Lucernarians.

Ctenophora.—A number of specimens of the lobate Ctenophore

Bolina hydatina were obtained on several occasions in the Sound
during the latter half of May this year. Many of the specimens

were of the full size mentioned by Chun in his monograph, viz. up

to 4 cm. in length, and were obtained in capital condition in spite

of their extreme delicacy. The species was first identified at

Plymouth by Mr. Riches, who noticed specimens in the tow-nets

towards the end of May, 1892. Its recurrence at exactly the same

period this year renders all the more remarkable its apparent absence

from Plymouth during the intermediate year, especially when the

calmness and warmth of that summer are taken into consideration.
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Anthozoa.—During May, both in 1893 and 1894, the Leptomedusj©
wliicli then abounded in the Sound, and which seemed to be in part

the young stages of Irene pellucida, and in part Phialidium varia-

hile, were infested to a large extent with parasitic Actinian larvic,

which I had little doubt (after external examination only, liowevor)

were the young stages of Halcampa chrysanthellum.

In my notes on the fauna for 1892 (Journal, 1892, p. 334) I

recorded Bunodes coronata as occurring at Plymouth. This is per-

fectly true, but the species which I intended at the time to record
was Bunodes verrucosa {= gemmacea of Gosse). Chitonactis coronata

(the Bunodes coronata of Gosse) has been taken on many occasions

in the deeper water outside the Breakwater, as well as once or twice

in the deep water of Millbay Channel. I have no doubt that those

who are familiar with the recent changes and present state of

Actinian nomenclature will forgive my momentary confusion of names,
which I now correct.

In my former list I omitted to mention that Epizoanthus incrustatus *

is common at Plymouth on a patch of ground a short distance south of

the Mewstone, where it covers the shells tenanted by Anapagurus Isevis.

Another species of Zoanthid, Epizoanthus couchii, which is common
in the Sound around the Duke Rock, and to a less extent in Millbay

Channel, in which localities it may be found forming linear or

retiform colonies over stones and shells.

TuBBELLARiA.—Mr. Gamble identified as Fecampia erythrocephala

(Giard) a remarkable Rhabdocoele which he found infesting a large

percentage of young shore-crabs {Garcinus msenas) in the summer
of 1893. I had seen afew specimens previously in basins in which some
coralline from tide-pools had been placed ; theymust have just emerged
from the crabs in the coralline. The curious cocoons formed by
Fecampia are also very plentiful on stones at Plymouth, both on the

shore and down to a depth of 5 or 6 fathoms.

Ch^topoda.—I am unable to refer to Miss Buchanan's preliminary

report on the Polychseta of Plymouth (Brit. Assoc, 1892), but at the

risk of repetition will record here a few species which I believe are

not mentioned in her list. A single mutilated specimen of Maldane
cristagalU of Claparede was dredged on a patch of ground, consist-

ing of hard rock and intervals of sand, a short distance south of the

Breakwater Fort on December 14th, 1892. It was associated with

specimens of Glycera capitata and Eunice Harassii. The former,

however, lives at Plymouth wherever there is abundance of clean

coarse shell sand, and Eunice Harassii is not uncommon in Millbay

Channel and around the Duke Rock, where it lives in holes of stones.

* The nomenclature of Haddon's Revision of British Actinix (Trans. Roy. Dublin See,

vol. iv, 1891) is here followed.

NEW SERIES.—VOL. Ill, NO. III. 17



218 FAUNISTIC NOTES AT PLYMOUTH DURING 1893-4.

It is also sometimes taken on the shore. The much larger

Eunicid, Marphysa sanguinea, is common both in Rum Bay and at

Drake's Island. It inhabits deep crevices of the rocks, and can

only be obtained by breaking the latter to pieces by means of a

crowbar.

On January 26th, 1893, I noticed among a number of Phyllodoce

maculata, which emerged from material dredged off the west shore

of Drake's Island, two specimens of a charming white Phyllodoce

with reddish eyes, which I was not able to identify. Each segment

except the most anterior' ones ivas provided tvith a girdle of cilia.

The parapodial lamella3 were fan-shaped, and each was marked with

a brown, or rather a fawn-coloured spot. The inferior edge of each

lamella was also provided with large vibratile cilia. The back of

the worm was faintly pigmented with fawn-colour. The small but

handsomely marked Syllid, Procersea. picta of Ehlers, is fairly com-

mon among the stones dredged in Millbay Channel. A species of

Myrianida * is constantly recurring at Plymouth, one or two specimens

at a time. I believe it is identical with the Myrianida maculata of

Claparede, though I cannot at present say whether it is different

from the Myrianida pinnigera of Montagu, whose original descrip-

tion I have not seen. It is easily recognised by its colour, which

is white, with deep orange-red blotches on the back of every third

or fourth segment. It is fairly frequent among the roots of Lami-

naria. On one occasion (May 29th, 1893j I found a specimen under

a stone at the Breakwater, which was provided with a chain of buds,

some of which had detached themselves before my return to the

laboratory. Amblyosyllis [Gattiola) sp)ectahilis, I find, is a spongi-

colous form, and can often be obtained in quantity by tearing open

the larger sponges, of Desmacidon-\\^e texture, dredged in Millbay

Channel. A large eyeless Polydora {t flava, Claparede) is common
in Rum Bay, and at Rat Island in St. German's River, where it con-

structs mud burrows between the layers of shaly rock. In February

I have found many of these burrows also containing a long segmented

gelatinous egg-string, almost as long as the worm itself [i. e. about

two inches), lying flat and straight in the burrows. The worm itself

possesses a bifid prseoral lobe, and the branchias commence on the

eighth segment [i. e. the third after the apodous segment). The

dorsal blood-vessel is conspicuous, the blood being crimson. At Rat

Island I have also taken specimens of Sc<doplos armiger, living, like

the Polydora, in the mud between layers of shale, and also in the

dirty sand around. In November, 1892, a single specimen of the

* Good figures of this species are given by Malaquin (Mem, Soc. des Science et des

Arts, Lille, 1893, p. 287, pi. i), who identifies the Myrianida maculata of Claparede with

the M. fasciata of Milne-Edwards.
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remarkable Ammotryjiane aulogastra of Rathke {non Johnston) was
dredged off the Duke Eock.

Two specimens of the pelagic post-larval stage of Arenicola
(described in this Journal, III, 1893, p. 48, by Dr. Benham) were
again obtained this year in February, but about a fortnight earlier

than in 1893.

Gephyrea.—Phoronis hippocrejna has been frequently dredged,
especially in Millbay Channel, and I have also taken it on the shore
at Cremyll.

MoLLuscA.—Several specimens of Lima Loscomhii have been taken
alive in about 20 fathoms off Stoke Point and south of the Mewstone.
Large specimens of Area tetrayona can be obtained in Rum Bay by
breaking the rocks there to pieces with a crowbar. They live in

deep holes and crevices of the rocks, to which they are permanently
attached by their stout operculum-like byssus. In the majority of

cases the shells are remarkably abraded and polished by the efforts

of the molluscs to enlarge the crevices in which they are fiKed, so

as to make room for their own increasing size. Not only is their

layer of bristles entirely worn away in many cases by this friction of

the valves against the surrounding rock, but the rock itself is rubbed
away and polished by the incessant friction. In many cases I found

the rock to be an almost perfect mould around the mollusc, while

the aperture to the crevice by which the larval or young Area had
originally entered was not large enough to admit a specimen of even

half the bulk to which the mollusc had attained !

A remarkably elongated specimen of Loligo media was trawled on

April 14th, 1893, eight miles south of the breakwater. I took the

following notes of its dimensions :

Maximum length of mantle . . . 136 mm.

„ breadth of fin . . . 27 „
Anterior extremity of fin to apex of body . 98 „

Posterior „ „ „ „ . 43 „

The extraordinary abundance of the Tectibranch Philine aperta

during 1893 has been already mentioned. Hundreds of specimens

could easily be obtained at any time in the eastern portion of the

Sound, and the species with its gelatinous egg-masses was so

abundant in July as to choke the meshes of the shrimp-trawl when
worked in Jennycliff Bay. Oscanius viemhranaeeus also, though not

so abundant as Philine, was unusually plentiful, especially in Mill-

bay Channel and the Hamoaze.

In February of this year I found a single specimen of an appa-

rently undescribed * type of Tectibranchiate mollusc which unites in

* This is the Colpodaspis pusilla of Michael Sars, a very rare and interesting form,

of which only two specimens have previously been obtained.
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a remarkable manner the most salient cliaracters of the Notaspidea

and Cephalaspidea. I have prepared figures of this little animal, a

description of which will be published immediately.

Several rare Nudibranchs have been taken, chief of which are the

^olid Berghia coerulescens and Hero formosa. Both forms inhabit

the deeper waters outside the Breakwater, and the latter is by no

means uncommon. Additional captures have also been often taken

of ^olidiella glauca and Platydoris planata, and, less frequently, of

Amphorina ccerulea, Antiopa hynlina, Emhletonia pulchra, Hermxa
bifida, and Thecacera pennigera. The specific habits of most of

these forms are still unknown, but in the case of two Dorids,

Bostanga coccinea and Lamellidoris ohlonga, the following observa-

tions upon their habits may be useful. Just as Jorunna Johnstooii"^

lives among small Halichondrise, upon which it feeds, and which it

strikingly mimics in general and even detailed appearance, so I have

found that Rostauga coccinea, which is of a bright scarlet colour,

lives—in both senses—upon red encrusting sponges. This species,

which formerly seemed to be rare at Plymouth, I have been able to

obtain easily by dredging or collecting in those places where its

food-sponges are abundant. On the other hand, Lamellidoris

ohlonga lives not upon sponges, but upon Polyzoa of the genus

Gellaria, especially the stouter species, the twigs of which it clasps

firmly with its foot. This Dorid is not well described by Alder and

Hancock, no doubt from their lack of a sufficient number of speci-

mens from which to educe the characteristic features. The back

normally shows a variable number of irregular, ring-like, dark spots

(of which there are usually eight or nine more conspicuous than the

rest) , and round the entire periphery of the back there is a pigmented

border, which has no sharply defined edges, but is a marked feature

when a number of specimens are examined and compared. The
edges of the rhinophoral fossae are raised into a slight rim or sheath

provided with three tubercles. The chief differences between

individuals for the most part concern simply the relative intensity of

the brown pigmentation : the annular spots and border were indis-

tinguishable in only three out of forty specimens. I first noticed

this species on December 19th, 1892, when scores of specimens were
taken from Gellaria trawled seven miles south of the Breakwater.

With them were associated a few specimens of Lamellidoris pnsilla

and Lamellidoris proxima.

Another small Dorid, whose back is strikingly marked by con-

spicuous purple tubercles upon a field of yellow, seems to be new to

science, and will be described elsewhere.

* Garstaiig, Notes on the Structure and Habits of Joruuna Jolinstoni, Conchologist,

vol. ii, 1892.
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In November, 1892, among coralline from tide-pools, I repeatedly

found specimens of a minute white Dorid, whose back exhibited a

regularly arranged series of very spiny tubercles. I was completely

at a loss as to its identification, until towards the end of the month
several slightly larger specimens were taken, which showed traces

of pigmentation,—brownish patches here and there, and a brown
ring on each rhinophore. During the next month or two I followed

out the growth of these little Nudibranchs by obtaining fresh speci-

mens from the tide-pools from time to time, until I had a complete

series between the minute and absolutely white form and the fully

developed and highly pigmented j^girus punctihicens. From these

observations I am strongly inclined to regard the JEgirus hispidus of

Hesse as merely one of the younger stages of Z^girus 'punctilucens.

They also enable me to identify, as a still earlier stage of the same

species, a remarkable post-larval form which had occurred in the

autumn tow-nettings, as observed both by Mr. Bles at Plymouth and

Mr. Vallentin at Falmouth. It was simply one of these minute

white ^girus with the addition of a pair of large velar lobes, by

means of which it swam freely in the water.

Two other Gastropod larvae that I have noticed in the tow-nettings

are worthy of record. One is the Echinospira cUajihana, figured in

Bronn's Thier-Reichs, and the other the Cirropteron semilunare of

Michael Sars (Besk. og Jagttag., &c., Bergen, 1835). In each of these

forms the velum is produced into ciliated lobes, three on each side in

Echinospira, and two in Cirropteron. The former occurs in the

summer tow-nettings every year ; the latter I have only seen once,

towards the latter end of Aiigust, 1893.

Ceustacea.—To my former record of Apseudes talpa I may add

here the occurrence of Apseudes Latreillii at Plymouth. I found

numerous specimens in the mud around the roots of corallines from

Drake's Island in July, 1893, and on other occasions.

In addition to the Schizopoda mentioned in my previous Notes, I

have taken the following also at Plymouth :

—

Siriella frontalis

(M. Edw.), Drake's Island, among weeds, June 2nd, 1893, one speci-

men. Siriella jaltensis, which occurred in the tow-nets at night in

September, 1892, abundant on the shore at Drake's Island among

weeds, June 2nd, 1893. Heteromysis fomiosa (S. I. Smith), a few at a

time only, Millbay Channel, New Grounds, Cawsand Bay, Yealm, and

off Stoke Point. Leptomysis mediterranea, common in Cawsand Bay,

June 5th, 1893. Leptomysis gracilis, October, 1893. Erythrops

elegans, October, 1892 and 1893. Mysidopsis gibhosa, Cawsand

Bay, several occasions. Henmnysis Lamornse, Cawsand Bay, July

5th, 1893. Macromysis inermis and M. neglecta, among weeds

everywhere. Schistomysis arenosa, Cawsand Bay, Whitsand Bay.
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The form " allied to S. arenosa," referred to in my previous Notes,

is this species, as Canon Norman, who kindly examined some speci-

mens, has assured me.

NiJca edulis has been trawled in the Sound occasionally, but is rare.

Pirimela denticulata is not uncommon in the patches of clean

coarse shelly gravel to the south of Drake's Island. Its highly

speckled appearance renders it very inconspicuous on this ground,

into which, however, it promptly burrows so as to be completely

hidden from view.

Stenorhynchus egyptius (M. Edw.) is not uncommon on weedy
ground, and is at once distinguishable from the other spider-crabs by
its stripes of reddish-brown pigment. The habit of decking the body

and limbs with bits of seaweed is as marked in this species as in

any of the others, and as it generally lives among reddish weeds

its own coloration contributes greatly to its disguise.

EcHiNODERMA.—During August, 1893, the tow-nets frequently con-

tained one or two specimens of the interesting type of Bipinnaria

larva described by me in the Quart. Journ. Micr. Sci., January,

1894.

TuNicATA.—During August and September, 1893, a considerable

number of specimens of a small Doliolum were found in the tow-

nettings. They agree with Herdman's Doliolum tritonis in all

respects except that the stigmata begin dorsally close behind the

second muscle band,—a point of no great importance. When alive

these little creatures are perfectly transparent, and dart about with

great activity in the water.

Earlier in the year—from the middle of June to the end of the

first week in July—the Sound was visited by large shoals of the Salp

Thalia democratica-mucronata. Many of the specimens first taken

were of the sterile or nurse generation, and were provided with young
chains ; the later specimens, on the other hand, were chiefly sexual

forms derived from the breaking up of the chains, and a large

number of these contained embryos— one only to each adult—in

different stages of development.

II. Notes on the Breeding Seasons op Marine Animals at

Plymouth.

These notes are founded almost entirely on my own observations,

and are necessarily incomplete, though, I believe, not inaccurate.

My original intention was to continue such observations for at least

another year before publication, in order to be able to present a

fairly complete record ; but my departure from Plymouth has inter-

fered with this plan, and, at the request of several friends, I publish
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my notes as they are. They will serve, I hope, as at least an indica-

tion of the breeding periods of many forms at Plymouth. A more
extensive list, including the records given in various monographs and
original memoirs, for the whole of the British Isles, is at present

under preparation, and will be presented for publication at no distant

date.

Protozoa.

Noctlluca miliaris.—(Swarm-spores) March (S. F. Harmer).

PORIFERA.

Principally July, August, September.

Hydrozoa.

In those Hydroidea which possess sessile gonophores or sporosacs

the breeding season may be regarded as practically coincident

with the period of gonophore-formation, although actually a

little later ; but in the case of those Hydroids which attain

maturity in the form of free medusee, the time that may elapse

between the separation of the medusae and the deposition of

ova is in the majority of cases still unknown, and is certainly

not a constant quantity. The periods given here will therefore

be the periods of gonophore- or sporosac-formation. The
breeding seasons of free medusae may be regarded as the

periods when they attain their full growth and greatest

abundance—information upon which points may be gathered

from the third section, dealing with the floating fauna.

Tuhularia indivisa.—February, March, April.

Tuhularia larynx.—April.

Tuhularia hellis.—April.

Tuhularia humilis.—March.

Myriothela phrygia.—May to August (Bourne)

.

Clava muUicornis.—March, April.

Clava leptostyla.—March.

Clava cornea.—February (Bourne), May.

Tuhiclava cornucopise.—May, June.

Hydractinia echinata.—August.

Perigoninius repens.—August.

Podocoryne carnea.—August (and earlier).

Goryne pusilla.—May ; July (Bourne)

.

Coryne vaginata.—May to August (Bourne).

Syncoryne eximia.—May (Bourne).

Eudendrium ramosnm.—February, March.

Eudendrium cajnllare.—May, September.

Garveia nutans.—April.

Ohelia geniculata.—March, September.
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Gonothyrsea Loveni.—April, October, November (sparsely).

8ertularia argentea.—February.

Sertularia pumila.—March, April, May, June, July.

Diphasia pinnata.—April.

Diphasia rosacea.—April.

Sertularella Gnyi.—February, August, September, October.

Hydralhnania falcata.—January.

HaJeciu7ti Beanii or halecinum.—January to July.

Plumularia setacea.—February to June.

Plumularia pinnata.—April.

Antennularia antennina.—May, June, July.

Antennularia ramosa.—May.

Aglaophenia pluma.—August.

Aglaophenia myriophyllimi.—August.

Aglaophenia tuhulifera.—October.

SiPHONOPHOEA.

Muggisea atlantica.—August, September (J. T. Cunningham

;

e'. J. Bles).

SCYPHOZOA.

Aurelia aarita.— (Strobilising) February, (breeding) June, July.

Anthozoa.

Alcyonium digitatum.—November, December, January.

Actinia equina.—January onwards (to August ?)

.

Bunodes verrucosa (gemmacea)

.

—April, September.

TJrticina felina {Tcalia crassicornis)

.

—May.

Ohito7iactis coronata.—January to April.

Cereus pedunculatus [Sagartia hellis).— December, January,

February.

TURBELLAEIA.

Fecampia erythrocephala.—August, September.

Leptoplana tremellaris.—August (F. W. Gamble).

Eurylepta cornuta.—August (Gamble).

Stylostomum variahile.—August (Gamble).

Cycloporus papillosus.—August (Gamble)

.

Nemertina (cf. Eiches, Journ. M. B. A., Ill, 1893, p. 5).

Cephalothrix hioculata.—April, June.

Gephalothrix linearis.—March.

Amphiporns lactijloreus.—March.

Amphiporus pulcher.—September.

Amphiporns dissiniulans.—March, September, October.

Tetrastemma dorsale.—September, October, November.
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Tetrastemma candidum.—September, October, November.

Tetrastemma vermiculatum.—September, October, November.

Nemertes Neesii.—March to October.

Linens ohscurus {= gesserensis)

.

—January, February.

Aechiannelida.

Dinophilns tseniatus.—April (Harmer).

Histriobdella Homari.—September (B. J. Allen).

Ch^topoda.

Ophryotrocha puerilis.—August.

Nereis fucata.—May.

Phyllodoce maculata.—January, February.

Hesione {= Psamathe) , sp.—August.

Scoloplos armiger {?).—February.

Polydora [Jiava ?) .—February.

Sahellaria spinulosa.—May.

Serpulidse.—June.

Terehellidse.—May.

Polycirrus aurantiacus.—July.

Girratulus cirratus.—February (and earlier).

Hirudinea.

Pontohdella, sp.—August (advanced embryos only).

POLYZOA.

Crisia ramosa.—July.

Flustrella hispida.—March.

Smittia, sp.—March (Harmer).

MOLLUSCA.

Awphineura,

Chiton, sp.—March.

Gastropoda.

Littorina littorea.—February.

Littorina littoralis.—February.

Littorina riidis.—June.

Capulus h^mgaric^ls.—JaimurJ, February, March.

Buccinum undatum.—January, February, March, April.

Purpura lapillus.—3aimB.ry, February, March, April, November.

Mtirex erinaceus.—May (and earlier).

Nassa reticulata.—Fehrnarj, March, April, July, September.

Nassa wcrassa^rt.—April, June, August, September.

Lamellaria perspicna.—January to May.
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Aplysia punctata.—June to October.

Pliiline aperta.—May, June, July.

Elysia viridis.—October (and earlier ?).

Hermfea dendritica.—June.

^olis papulosa.—March, April, May, June.

JEolidiella Alder i.—August.

Favorimis albus.—November.

FaceUna coronata.—April, May.

Galvina Farrani.—May, October.

Galvina exigua.—March.

Galvina cinyulata.—July.

Tergipes despectus.—Marcli.

Doto fragilis.—January.

Doto coronata.—April.

Candiella [Tritonia) plebeia.—November.

Hero formosa.—April.

Doris tuhercidata.—January to June.

Acanthodoris pilosa.—January, February.

Lamellidoris bilamellata.—November (?).

Lamellidoris oblonga.—April.

Laniellidoris pusilla.—February.

Goniodoris nodosa.—December, January to May, September.

Goniodoris castanea.—February, May, July, September.

Polycera (jiiadrilioieata.—July, August.

Lamellibranchia.

Area tetragona.—July.

Teredo navalis.—May.

Cephalopoda.

Eledone cirrosa.—April, May.

Sejnola atlantica.—July, August.

Loligo media.—April, May, June, October (late embryos).

Loligo Forbesii.—April to September.

Crustacea.

Gladocera.

Podon [intermedius , Lilljeborg ?).—March, April, June (?).

Evadne Nordmanui.— Marcli (scarce), July, August, September.

Winter ova in September and October (E. J. Bles).

Copepoda.

Some forms or other may be found breeding at almost any time

of the year.
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Cirrhi]jedia.

Ghthavudns .felkti^.-January, February, March, August,

SaSm^carc«.-May, June, July, August, September.

Leptofitraca.

Nehalia &ipc..-April, May, June, July (late embryos).

Edriophthalmata.

The great majority breed between April and August.

Ciimacea.

Psendocuma cercarm.—May, June.

Schizopoda.

Siriella jaltensis.—June.

Gastrosaccus sanctus.—August.

Gastrosaccus Normani.—September.

Heteromysis formosa.—Octoher, November.

Erythrops elegans.—Octohev (late embryos only).

Mysidopsis gihhosa.—July.

Leptomysis meditero-aneae.—June.

Macroviy.sis fiexuusa.—A-pri\, May, June, July.

Macromysis inermis.—June.

Schistomysis arenosa.—June.

8ckistoJysis spiritus.-Jnne, July, August (late stages only).

Decapoda.

„ 7 • A,-,n-n«f Spntember. Larvas hatched in May
Homarus vulgaris.—August, Depiemuyi.

and June. ^ , ,^ • i \

Palinuru. „l,jarU.-h.rv^ h.tohoA in July (Cu.>n">gl>- •

Pal^mo,^ serrate.-November, December, Jauuary to June.

PaJamoitsgmJIa.—July (anil earlier).
tn,f„,tn^es

Pal^monetes v^agaru.-M^J, June, July, August (late stages

PaMus a»m(ico««.-Novembcr, December, January, February.

Panda lus 6retjiros^ris.—April.

Eippolyte 0/-a7tc/iw.—April, May.

VirUus varians.—n^y, June, July.

Nika edulis.—Uay.
., a f

Grangon vulgaris.-Decemhev, January to August.

Crangon fasciatus.—M&y.
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Crangon sculphis.—June.

Grangon trispinosus.—July.

Diogenes varians.—July.

Ewpagurtis Bernhardus.—April.

Eupaguriis Prideauxii.—Marcli, April, May, June, July.

Anapagurus Isevis.—April, May.

Galathea squamifera.—April.

Galathea dispersa.—March.

Galathea intermedia.—March.

Porcellana longicornis.—March, April, May, June, July.

Porcellana platycheles.—April, May, June, July.

Eurynome aspera.—January, February, March, April.

Stenorhynchus pJi alangium.—May.

Stenorhynchus tenuirostris.—May.

Hyas coarctatus.—August.

Carcinus msenas.—December, January to August.

Portunus depurator.—March to August.

Portunus Jwlsatus.—March.

Portunus arcuatus.—March, April, May.

Portunus pusillus.—April.

Portunus m armoreus.—May.

Pilumnus hirtellus.—April, May, June.

Xantho floridus.—May, June.

Xantho rivulosus.—May, June.

Cancer pagurus.—February to ?.

Pantopoda.

Nymphon gracilis.—May.

Ammothea, sp.—August.

ECHINODEEMA.

Asterias ruhens.—May.

Asterina gihhosa.—May, June.

Ophiothrix {? pentaphyllum)

.

—February.

Amphiura squamata.—May, June, July.

Echinus iniliaris.—May.

Echinus acutus.—July.

Antedon rosacea.—Pentacrinoid larvas in September and October.

TunicATA.

Oikopleura dioica.—March, April.

Thalia democratica-mucronata.—July.

Botrylloides rtthrum.—August, September, October.

Botryllus violacetis.—June, July, August.

Styelopsis grossularia.—May, June, July, August, September.



FAUNISTIO NOTES AT PLYMOUTH DURING 1893-4. 229

Ciona i)itesti)ialis.—September (and earlier?),

Claveliiia lepad iformis.—June.

Archidistoma aggregatum.—June.

Morchellittm argus.—September (and earlier?).

A maroeciiuii Nordin anni.—June

.

Pisces.

Elasmohranchii.

ScylUum catulus.—November, December, January.

Scylliiim ranicnla.—December, January, February.

Acanthias vulgaris.—January, February, March.

Teleostei.

Chiefly between January and June.

III. Materials for a Calendar op the Floating Fauna.

The floating fauna of the sea in the immediate neighbourhood of

land is so largely composed of larval or other forms derived from

the bottom fauna, and possessing in the majority of cases only a

transitory pelagic existence, that, from the very nature of the case,

the floating fauna assumes a highly periodical character, whose

phases are directly dependent on the seasons of breeding, hatching,

and metamorphosis of the animals living on the adjacent or under-

lying tracts of submarine land. This fact alone invests the record-

ing of such simple phenomena as the breeding seasons of marine

animals, or their rates of growth and metamorphosis, with a high

degree of interest and value ; and in the days to come, when this

fact has been sufficiently and practically appreciated, we shall make

much more rapid progi-ess in our knowledge of the bionomics of the

sea. The dependence of the floating and the bottom faunas of our

coasts upon each other is so intimate that it is impossible to separate

the efficient study of the one from that of the other. A bottom-haunt-

ing species no sooner attains its breeding or its hatching period than

the floating fauna immediately receives a new addition to its numbers.

For a longer or shorter period the larvae in question lead a pelagic

life, and then, sooner or later, sink once more to the bottom to

undergo their final transformations. Seeing that every species

has its own particular breeding season, which does not necessarily

coincide with that of any other species, and that the duration of

the pelagic stage is equally variable in different cases, it follows

that there must be a perpetual change going on in the constitu-

tion of the floating fauna in any one locality, an incessant rising

to the surface of new forms just commencing their pelagic phase.
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and an incessant sinking to the bottom of snrface larvae whose float-

ing period has come to an end. Were onr work completed, our

calendar of the floating fauna would largely coincide with, or bear

a definite relation to, our calendar of the breeding seasons of bottom-

living animals ; but the insufficiency of present records, combined

with their obvious want of mutual correspondence, shows what a

large amount of observation and work remains to be done before the

desired pitch of correspondence is attained.

The periodic character of the floating fauna is also manifested in

other ways, and especially in certain seasonal changes which the

gradual rise or fall of temperature during the year superinduces.

These changes are due to actual immigrations of forms whose homes for

the most part are in other regions, but which arrive at particular

points upon our coasts when the temperature and other physical

conditions admit of, and conduce to, their migration. The periodical

changes which were first dealt with here were those of larval or

metamorphic forms (e. g. most medusae), whose derivation from the

bottom fauna, and, in most cases, whose eventual return to it give

rise to an incessant vertical interchange of material ; but the forms

which are especially concerned in these seasonal changes are for the

most part creatures whose entire existence is pelagic (e. g. Siphono-

phores, Trachomednsse, Copepods, Sagitta, Salpa), and which exhibit

a merely Jiorizontal translation from place to place according to the

stress of physical conditions.

The situation of Plymouth at the head of a landlocked bay and

at the western end of the English Channel renders the study of its

floating fauna both difficult and interesting. This fauna is in fact

not one fauna, but three faunas,—that of the harbour itself, which

may be called the indigenous element ; that of the adjacent coasts and

of mid-Channel, which may be termed the tidal or Channel element

;

and that of the Atlantic, or the oceanic element. It is only by

taking special precautions that one can isolate the first of these con-

stituents from the other two, viz. by tow-netting within the Break-

water at low tide, when the wind has been light or northerly. At

high water the Sound is naturally invaded by foreign forms carried

inwards by the flood tide, and this may include eddies from the

Channel tide properly so called ; while protracted southerly or

westerly winds inevitably produce an incursion of pelagic forms from

the Channel or the ocean. A special study of the floating fauna

would therefore take all these points into practical consideration,

and I mention them here in order to warn those who may use these

brief notes of the different factors of which the fauna at Plymouth

consists, and of the impossibility, after the irregular experience of a

few years only, of producing a calendar which shall in all points
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discriminate properly between the essential and the accidental

phenomena observed.

Notwithstanding this consideration, however, and in spite of the

incompleteness of my records, of which no one is more conscious than

myself, I believe that I am in a position to offer a least the ground-

work for the construction of such a calendar,* the completion of

which would be an incalculable boon to the working naturalist,

and lead to results of which one can dimly foresee the nature and

importance.

January.—The tow-nettings in January are a trifle richer than

those taken in December, but beyond that possess few positively

distinctive features.

The alga Halosphxra viridis is usually present.

There is a marked scarcity of Coelenterate life. The jars often

seem to contain nothing but Copepodsf and a few Sac/itta, which,

however, are usually large at this time of the year.

The Invertebrate larval forms present are Cirrhipede NaiiijUi,

Polychaete trochospheres and later larvae, with a few veligers and

Zosese.

Teleostean ova and larvae make their appearance and increase in

numbers towards the end of the month. Herring larvae {Clupea

harengus) are now taken.

The fauna distinctly ameliorates towards the end of the month.

February.—The improvement, both quantitative and qualitative,

of the floating fauna, which was noticeable towards the end of

January, becomes marked this month.

Teleostean ova and larvae are plentiful.

The sea swarms with Copepod and Cirrhipede Nauplii, with

Polychaete larvas (Polynoidae, Phyllodocidte), with Prosobranch, and

especially Opisthobranch veligers, and with Decapod larvae, both

Mysis and Zoxa stages.

* Since my paper was written I have found that my idea of a calendar of the floatina:

fauna is not new, and that a very full and valuable summary of the periodic changes in the

pelagic fauna of St. Andrews was published by Prof. Mcintosh in 1889 (Seventh Report,

Scottish Fishery Board), part iii, pp. 259—301). The resemblances and differences between

our records are of considerable interest.

t It is easily observable that various species of Copepods are also periodic in their

occurrence, but I do not refer to them in these notes, as I have not yet familiarised myself

with the different forms and names. Reference should be made on this point to Mr.

G. C. Bourne's Report on the Copepoda of Plymouth, this Journal, vol. I, 1889, pp. 144

—

152. It would appear from Mr. Bourne's report that Clausia elongata is characteristic of

the three last and three first months of the year ; Oithona spinifrons, Euterpe gracilis, and

Corycxus anglicus of the spring (though the two latter species have been recorded for

September by Mr. Bles); Paracelsus parvus of the summer; Temora longicornis of the

early summer and autumn ; Anomalocera Patersonii of the autumn. Cetochilus septen-

trionalis (= Calanus finmarchicus) and Bias longiremis were obtained throughout the

year ; but the former most abundantly in the autumn, the latter in the spring.
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Coelenterates make tlieh' appearance. The epliyrte of Aurelia lead

the way, and become increasingly abundant. Rathkea octopimctata

represents the Anthomedusae ; and a medusa that appears to be the

Phialidium variahile of Haeckel ushers in the Leptomedusae.

Minute Obelia medusge become noticeable as the month progresses.

Occasionally the Channel tide introduces the ova and larvae of

Ctenophores and errant specimens of the Siphonophore Muggisea

atlantica.

The Polyzoan larvae Cyphonauteii and the larvae of Lamellibranchs

are common ; and the pelagic post-larval stage of Arenicola, in its

gelatinous tube, may from time to time recur.

Echinoderm larvae, especially Auricularia, are usually abundant

during a portion of the month.

The Appendicularian Oihojyleura diuica is often plentiful.

March,—Halosphsera is plentiful this month, and Rhizoselenia

and Ghaetoceros often become extremely abundant.

At the end of the month the gelatinous alga Tetraspora of

Pouchet makes its appearance, first in the Channel and soon after-

wards in the harbour.

Shoals of ephyrae of Aurelia may be taken in the first fortnight,

showing a distinct increase in size since their first appearance ; but

towards the end of the month, during their metamorphosis into the

medusa form, they begin to disappear and are difficult to discover.

Rathkea octopmictata is plentiful. The Anthomedusae Sarsia

prolifera (and tuhului<a ?) and Podocoryne {Dysmorphosa) carnea

make their appearance ; and the earlier phases of the Leptomedusas

Clytia Johiistoui and Irene pellucida (Clans, iion Haeckel) are to be

obtained, together with numbers of small Obelia and a few Thau-

mantiatt.

The Cereanthid larva J.racA//ac^/s appears, and is plentiful towards

the end of the month.

Minute Planarians are sometimes noticeable.

The later stages of Phyllodoce larvae are plentiful ; the larvas of

Polydora, also occur.

Crustacean larvee of all kinds abound, and the Zoa'pe of Porcellana

begin to appear.

The Cladocera Pudon and, more scantily, Evadne arrive. Echino-

derm larvae [Auricularia, Bipinnaria, Pluteus) occur at times.

A striking feature of March tow-nettings is the profusion of the

Appendicularian Oikopleura, dioica, which is now breeding ; its

gelatinous houses (a mysterious scum to the unwary) are often a

great nuisance, but a greater is to follow.

April.—Tefraspora abounds, discolouring the sea and choking the

meshes of the nets in two or three minutes. Towards the end of the
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month these floating and troublesome algae begin to be converted

into so many gelatinous balls of motile spores.

The Diatoms Rhizoselenia and Goscinodiscus also abound, but

Halosphsera disappears until the autumn.

Among Anthomedusae, Rathkea disappears and Bougainvillea

takes its place. Amphicodon amphipleurus may also occur. Among
Leptomedus£e, small medusse of Ohelia and Clytia are numerous.

The later stages of Arachnactis are represented.

Larvae of the Nemertine Cephalothrix may be found.

It is impossible to speak with much confidence, but there appears

to be a rapid reduction during this month of the numbers of Nauplii

and Polycheete larvae.

Megalops larvae become increasingly numerous. Large Portunid

Zoseas make their appearance towards the end of the month.

Plutei are almost the only Echinoderm larvae, and they do not

seem to be plentiful.

May,—The formation of spores in Tetraspora proceeds apace, and

leads to a rapid reduction in the numbers of the alga already notice-

able early in May. Towards the end of the month the gelatinous

alga has entirely disappeared.

The sea swarms with Craspedote medusae, especially with those of

the Campanularians, e. g. Ohelia lucifera of fair size, Phialidium

variabile (?), Thaumantias, and half-grown Irene pellucida. The
most abundant Anthomedusa is Corymorpha nutans, but Amphinema
Titaniia, and Tiara octona also may occur.

Full-grown Ctenophores usually become numerous in the latter

half of this month ; Hormiphora plumosa always, and the magnifi-

cent lobate form Bolina hydatina in particular years.

Towards the end of the month Aurelia aurita begins to reappear

in the form of young medusee.

The parasitic larvae of the Actinian Halcampa are plentiful on

Campanularian medusae.

The PolychEete larv^ and Nauplii, so abundant in February and

March, are now scarce.

The Zosese of Porcellana and of Portunidee are |3articularly

numerous.

Every year at this time the harbour is invaded by shoals of

young brill {Rhombus Ixvis) in their pelagic stage.

June.—This is the month, par excellence, for Aurelia, aurita and

Ctenophores. Leptomedus^ also abound ; large Obelise are now
plentiful, and a new form, Laodice cruciata [Thaumantias pilosella of

Forbes), makes its appearance.

The first specimens of pelagic Terebellid larvas in gelatinous tubes

may perhaps be taken.

NEW SERIES. VOL. Ill; NO. III. 18
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The Grastropod larva EcJiinospira diaphana always occurs.

The Cladoceran Podon is generally abundant, but Evadne is

generally still in mid-Channel. Sacculina Naupilii are plentiful.

Minute OiJcopleurse of the same year's brood are frequently

abundant. After an exceptionally warm, calm spring the harbour

may be invaded by hordes of Salps {Thalia democratica-mucronata)

.

July.—A transition is gradually effected during July between the

distinctively summer and autumn faunas.

Rhizoselenia and Dinoflagellates {Geratiwm, Peridinium) are

common.

The Anthomedusee are represented by numbers of Podocoryne

carnea with some Sarsia exiitnia ; the Leptomedusae by numbers of

Laodice cruciata, Ohelia, and (in the Channel) of Saphenia mirahilis.

The Siphonophore Muggiasa atlantica, which occurs during the

earlier part of the year only in scanty numbers, becomes plentiful

towards the end of this month.

The first specimens of Ghsetopterns larvae may be taken.

Balauid Nauplii become again numerous, and Evadne arrives in

large numbers.

Echinoid Plutei are to be obtained.

August.—In variety and intrinsic interest of the forms to be

captured, this and the next month are perhaps the richest in the

year,—a feature which accords well with the fact that during this

month the sea temperature attains its maximum for the year.

The more oceanic element includes numbers of Radiolaria,

Muggisea, young Oeryonia appendiculata^ Evadne (and perhaps

Podon), and Doliolum Tritonis,—all of which, after a warm summer,

may occur in plenty and even profusion.

Numbers of interesting larval forms are also taken, of which the

chief perhaps are Miiller's larva (in shoals towards the end of the

month), Pilidium (abundantly). Annelid larvee [Polygordius occa-

sionally, Polydora, Pectinaria, Nerine, Magelona, Chsetopterus)

,

Gastropod larvse [Rissoa, AiJgirus, Cirropteron semilunare), Actino-

trocha, Cirrhipede larvae {Sacculina), Echinoderm larvae {Plutei,

large Bipinnarise) , Tornaria, and the larva of Amphioxus.

Conspicuous among Anthomedusae are Amphinema Titania and
Podocoryne {Dysmorphosa) ; and among Leptomedusae, Saphenia
mirahilis, Laodice cruciata,, and small Obelise.

Dinoflagellates and diatoms {Rhizoselenia) are plentiful.

September.—The floating fauna during September differs very
slightly from that of the preceding month.

The disappearance of the medusae Laodice cruciata and Saphenia
mirahilis is effected, and Willia stellata appears.

Almost all the other forms plentiful in August retain their abund-
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ance for the greater part of September, the possible exceptions being

Radiolaria, Bipinnaria, and Tornaria.

On the other hand Terebellid larva6 are increasingly numerous
;

the larvae of Muggisea, of the Nemertine Gephalothrix, and of the

Gephyrean Thalassema may be found ; and Miiller's larvae, Pili-

dium, the larvee of Magelona, Chsetopterus, Rissoa, and jEgirus

are generally in the earlier part of the month especially plenti-

ful.

Apparently characteristic of this period are the clouds of pelagic

Rotifers which may occasionally be taken.

The diatom Chsetoceros is especially abundant.

October.—With the end of September an impoverishment of the

fauna sets in, owing chiefly to the disappearance of the more

oceanic element.

Chxtoceros is the most plentiful diatom. The alga Halosphasra

reappears. Dinoflagellates are abundant, and a few Radiolaria may
still occur. The following medusee may be present :

—

Cytmandra

areolata, Eutima insignis, and large Irene pellucida.

Nemertine larvge, including those of Gephalothrix, are numerous.

Polychgete larvae of the genera Poly)w'e, Chsetupterus, Polydora, and

Terehella are still present.

Larval Lamellibranchs and Gyphonautes are numerous, as indeed

they seem to be during the greater part of the year.

Decapod larvae are scarce, especially those of the Brachyura.

Sagitta is generally present, and a few Plutei may be taken.

November.—The impoverishment continues. There is a great

scarcity of medusee, veligers, and Zoeeae. The larvae least rare are

those of Polychaetes, Cirrhipedes, Macrura, and Gyphonautes.

Gephalothrix larvae and Ophiurid Plutei may occur.

The diatom Goscinodiscus is present in profusion.

December.—Medusae are still rare or even entirely absent. Annelid

trochospheres and Opisthobranch veligers show signs of increasing

numbers. Gyphonautes is present.
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Fishery Publications of the United States.

By

J. T. CimniujSi^Iiaiu, M.A.,

Naturalist to the Association.

In recent years the Bulletin of the United States Fish Commission

has outgrown its older brother, the Report of the Commissioner, and in

some respects supplanted it. The last volume of the Report, part

xvii, bears the date of publication 1893, but it was only received by
us in the present month of June, 1894, and it refers to operations

carried out in the two years 1889—91,—in other words, from three to

five years ago. The volume consists of three general reports and
six appendices. The former are the Report of the Commissioner,

that of Mr. Richard Rathbun on the Inquiry respecting Food-fishes

and the Fishing-grounds, and that of Mr. Hugh M. Smith on the

Inquiry regarding the Methods and Statistics of the Fisheries. The
Appendices comprise three special reports, a Review of Sparoid Fishes,

by David Starr Jordan and Bert Fesler, an article on Fish Entozoa,

and a translation of Haeckel's well-known pamphlet, Plankton-

Studien.

The first thing of interest which we note in the Report of the

Commissioner is a statement of the amount of the appropriation of

public revenue to the work of the Commission. In the year 1889—90

the total amount was $278,900, in the following year $298,900, in

English money about £55,780 and £59,780 respectively. In the

second of the two years mentioned the division of this money among
the various departments of the work was as follows :

Commissioner's " Compensation "
. . £1,000

Propagation of food-fishes

Distribution of food-fishes

Maintenance of vessels

Inquiry respecting food-fishes

Statistical inquiry

30,000

10,000

10,780

4000

4000

£59,780
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During the two years the Commission steamer " Albatross " was

engaged in surveying the fishing-grounds off the Pacific coast of the

United States, her work extending along the coasts of Washington,

Oregon, and California, and over the shallow water area in the

eastern part of the Behring Sea. In the early part of 1891 the

" Albatross " was lent to Professor Alexander Agassiz for the purpose

of a biological and physical exploration of the ocean and continental

slope between the Galapagos Islands on the south and the Gulf of

California to the north, a region which had previously been but little

examined. This expedition was very successful, important and
extensive information having been obtained by its means. The
results of the ordinary work of the " Albatross " on the Pacific coast

are described in Lieut.-Commander Tanner's special report among
the appendices in this volume.

On the Atlantic coast the chief operations were conducted in the

interest of the oyster industry, A complete survey was made of the

coast waters of South Carolina, where the oysters were found to be

all of the raccoon type, forming narrow ledges along the borders of

the bays and the winding tidal channels between high and low water.

It is suggested that the absence of oysters from the bottom below

low water mark is due to the high specific gravity of the water, which

prevents the spat from sinking below the surface. The raccoon

oysters are useful as seed, improving in shape and flavour when trans-

planted. The investigation to which the Commissioner here refers

has been fully described in two elaborate papers by John D. Battle

and Bashford Dean, published in the Bulletin, vol. x, in 1892. Mr.

Battle's paper contains the results of the hydrographic survey, and
is illustrated by a number of charts showing the details of the

observations made ; while Mr. Dean describes the physical and bio-

logical conditions affecting the life of the oyster. The Commissioner

next mentions an investigation in the " Fishhawk " of the oyster beds

of Maryland and Virginia in Chesapeake Bay, and of the beds in

Long Island Sound. He refers to the journey of Mr. Bashford Dean
to Europe, undertaken for the purpose of studying the oyster industry

in European countries. Many in this country who are interested in

oyster-culture are well acquainted with the lucid and valuable papers

in which Mr. Dean has published his observations, namely. The

Present Methods of Oyster Culture in France, published in the Bulletin,

vol. X, 1892, illustrated with ten plates of figures more or less satis-

factorily reproduced from photographs of actual scenes ; and Rejport

on the European Methods of Oyster-culture in vol. xi, 1893, of

the Bulletin, still more completely illustrated. These two papers

form the best account extant of the methods now practised and the

present condition of oyster-culture in Europe. Mr. Dean was sent
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at tlie expense of the United States Fish Commission for the benefit

of American oyster growers, but European and especially English

people interested in the oyster industry are likely to obtain still more

advantage and benefit from his careful work than Mr. Dean's own

countrymen, and we owe a debt of gratitude to the Commission for

thus providing us with reliable and important information without

any cost or trouble to ourselves.

In reference to the Wood's Holl station the Commissioner reports

that Dr. H. V. Wilson was appointed resident naturalist on behalf

of the Commission in 1889, and served in that capacity in the two

following years. His researches related chiefly to the development

of the sea-bass, cod, and Atlantic salmon. An elaborate paper on the

Embryology of the Sea-hasshj Dr. Wilson is contained in the Bulletin,

vol. ix, 1891. The study of the lobster was taken up at Wood's

Holl by Prof. F. H. Herrick, and experiments in artificial propaga-

tion were conducted by Mr. V. N. Edwards. We are told that the

investigations of the latter have furnished conclusive proof that the

hatching work of the Fish Commission has been exceptionally suc-

cessful in increasing the supply of cod on the southern New England

coast, and shows that the larger fish resulting from these plantings

will to some extent enter more shallow waters than are generally

frequented by the cod, shoals of this species now often making their

appearance in places where they were never seen before. The evi-

dence for this would be interesting, and we shall see whether it is

forthcoming among the documents published by the Commission.

The Report next mentions the investigations of the interior waters

of several of the States, which were extensively and systematically

carried out, and reports on which have appeared. A brief notice is

then given of the inquiry into the methods and statistics of the

fisheries, on which a special report is included in the volume. The
rest of the Commissioner's Report is on the Department of Fish

Culture which is under the chief's immediate direction. Twenty-two

stations were in operation in 1890 and 1891. Sea fish were only

manipulated at two stations, namely, Gloucester, Mass., and Wood's
Holl, Mass., but in addition a few eggs of Spanish mackerel were
hatched on the '' Fishhawk " in 1891. The eggs of the cod were

hatched in the largest numbers, namely, in round numbers 19 millions

at Gloucester, 30 millions at Wood's Holl in 1891 ; at the same
station in that year were hatched 3 million flat-fish fry and 3

million lobsters. The shad was still the fish most extensively

treated in the operations of the Commission, nearly 70 million fry

having been furnished for distribution in 1891. Altogether the

number of different kinds of fish artificially propagated was thirty-

eight, of which ten were marine, the rest fresh-water or anadromous.
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On tlie interesting question of the benefits produced by the practice

the Commissioner says that the results obtained have been difficult

of exact determination ; that good has followed is shown by the

continued increase in the value of the fisheries demonstrated by
carefully collected statistics. He urges that in cases where species

have been introduced into waters from which they were naturally

absent it is clearly shown what is possible of accomplishment, re-

ferring to the results of the importation of shad and striped bass to

the Pacific coast, and of trout and white fish into streams and lakes

of the Yellowstone National Park, formerly barren of food-fish.

We may turn at this point from the Report of the Commissioner

to the Report on Statistics by Hugh M. Smith, M.D., in order to

ascertain if we can obtain a more quantitative estimate of the results

of the piscicultural operations. Concerning the shad we find it

stated that this fish has become distributed along the entire Pacific

coast north of Monterey Bay, California, and occurs in special

abundance in the Sacramento River. Notwithstanding the fact that

the fishermen have provided themselves with no apparatus especially

adapted to the capture of shad, 101,071 pounds were taken in 1888,

and 170,500 pounds in 1889. We are told that the quantity caught

affords no idea of the abundance of the fish, and it is thought that

the use of suitable apparatus will demonstrate the existence of large

bodies of these fish in all the coast waters between Southern

California and Puget Sound. But nevertheless it naturally occurs

to the reader to wonder what proportion the amount captured on

the Pacific coast bears to that taken on the Atlantic. This curiosity

cannot be satisfied out of this Report. After some search we dis-

cover the statement that $482,403 was the value of the shad taken

on the South Atlantic division of the coast of the United States in

1890, but this is not enough to enable one to make a comparison.

There is, however, a lengthy and detailed paper on the Fisheries of

the Pacific Coast in the Commissioner's Report for 1888, published

1892, and in this we find that the value of the shad captured on

that coast in 1888 was $7063, which shows that although the shad

has certainly been successfully introduced, the value of the yield on

the Pacific side was only -g^-g- of that of the South Atlantic States.

Planting of shad on the Pacific slope was apparently commenced in

the Sacramento River in 1880. The striped bass {Roccus lineatus),

though introduced some years before the shad, is stated to be less

abundant and less widely distributed than the latter. It was chiefly

found in San Francisco Bay, where specimens as much as 40 lbs. in

weight have been taken, although the average weight is only 8 or

10 lbs. In 1888 only about 1000 lbs. reached the San Francisco

market, but in 1889 they were more plentiful. This is all the statistical
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information supplied. It is evident enough that these two species

have been introduced to the Pacific coast by transporting the fry in

railroad cars from the Atlantic side, and the fact is impressive as an

illustration of the magnitude of the operations carried on by the

Commission. Whatever its imperfections, it has made itself a pisci-

cultural organisation which connects together the two greatest

oceans of the globe. The transport of useful animals or plants from

one continent to another across the ocean is a practice of consider-

able antiquity ; the transportation of valuable fish from one ocean

to another across a whole continent had never been accomplished

before.

But the question still remains, is there any good evidence by
which to estimate the practical results of the piscicultural operations

in connection with long-established fisheries ? We naturally here

examine first the case of the shad fishery on the Atlantic side, since

we know that artificial propagation of the shad {Chq^ea sajndissima)

has been more extensively and more successfully carried out by the

Commission than that of any other fish. We look to see what the

Commission has to say of the condition of the fishery. We know that

the United States administration does not attempt to supply annual

statistics of the fisheries as our own Fisheries Department does.

The Commissioner remarks that the limited appropriation and con-

sequent smallness of the force available for statistical inquiry pre-

clude the possibility of an annual investigation ; and that even if this

were attempted it is open to question whether the variations in the

fisheries from year to year are generally sufficiently marked, or

whether at this time the results would be of sufficient importance to

warrant the largely increased expenditure that would be required to

conduct the work. He thinks that comparative statistics are more
valuable when they relate to definite intervals of time than when
they cover successive years. He asserts that the researches of the

Commission furnish data for the comparison of conditions at intervals

of three or four years, and for the determination of the influences of

the methods and means employed upon the prosperity of the

fisheries.

In the Statistical Report the total produce of the shad fisheries

in different periods is not definitely presented, but there is a very

interesting account of the fishery in the Potomac River, of which

the following are the most important points. In 1890, 731,453 fish

were taken, weighing 2,571,002 lbs., and realising to the fishermen

$75,935, or about £15,200. In 1889, 868,900 fish were taken,

valued at $85,378. These figures are compared with those corre-

sponding for the end of the previous decade, namely, less than 200,000

fish in 1878, increasing till 1880, when 600,000 was the number of
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the season^s catch. It will be seen that the increase since 1880,

though important, is not enormous, though presumably the Commis-

sion claims that the maintenance of the fishery in a prosperous con-

dition is due to artificial propagation. The total value of the shad

caught on the South Atlantic coast is given as $482,403 in 1890,

but no means of comparing this with any other time are afforded.

However, we are informed in the volume that the work of this

department was directed by Captain J. W. Collins, while the pre-

paration of the report devolved upon Dr. Hugh M. Smith, in con-

sequence of the fact that Captain Collins was called upon to do

special work at the Chicago Exhibition. In the preceding volume

of the series, the Commissioner's Report for 1888, there is a much
more complete and detailed statistical review, prepared under the

direction of Captain Collins, and covering the years 1887 and 1888.

This paper contains a large number of very instructive and ably

arranged tables, giving the kind of information we have been seeking.

One of these tables give a comparative statement of the catch of

shad in all the United States in the years 1880 and 1888. The total

catch in pounds in 1880 was 18,074,534, valued at $995,790 ; while in

1888 it was 35,736,385 pounds, valued at $1,672,192. Thus the

amount of the catch had nearly doubled, while the value had not

increased in proportion,—that is to say, the price had fallen. The total

value in English money is £334,438, which is a little more than the

total value of the mackerel landed on^the English and Welsh coasts in

1893 (£302,516), but not half the total value of the plaice landed

on the same coasts in the same year. The comparison, however, is

scarcely just, because the shad is not a true sea fish, but

anadromous. It is a curious thing that in another table, showing

the comparison by sections, it is shown that the shad fishery in the

New England States has decreased from 2,117,392 lbs. in 1880 to

1,412,945 lbs. in 1888. I can find no discussion of this decrease,

but it is pointed out in the text of the paper that the total catch of

alewives {Ghipea vernalis) has not increased nearly so much as that

of the shad, and that the alewife is not artificially propagated.

It has frequently been supposed that complete statistics of the

fisheries of the United States have not been prepared or published.

It is true, as we have already seen, that complete annual returns are

not supplied; but statistics were compiled for the year 1880, and

we have a complete estimate in this paper for 1888. The total value

of the coast fisheries is computed to be $35,222,929, or in English

money £7,338,110. This is somewhat more than the total value of

the products of the fisheries of the United Kingdom in the year

1888 as computed at the Board of Trade, the sum given being

£6,418,000. But it must be noted that the American total includes
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over a million dollars for tlie whale and porpoise fisheries^ and nearly

two millions for the seal, walrus, and sea-otter fisheries, as well as

$167,000 for reptilian fisheries, while the English returns include no

air-breathing animals. Thus it is evident that if we compare the

yield of fish, molluscs, and Crustacea only in the two countries the

fisheries of the United Kingdom are nearly equal in value to those of

the United States. ComjDaring the number of the population em-

ployed in the fisheries in the two countries, we find the total in the

United Kingdom in 1888 to be 122,526, and that in the United

States 137,446; but the latter includes 28,867 shoresmen and factory

hands, which ought to be deducted, leaving 108,579. A comparison

of the vessels and boats employed in the industry in the two countries

seems not to be possible without further explanation of the methods

in which the computations are made. According to the United

States return, there were in that country in 1888, 6099 fishing vessels,

of a net tonnage of 170,126, and in addition 47,195 boats. The

number of boats alone, apart from the vessels, is therefore greatly in

excess of the total number of fishing vessels and boats of all classes

registered under the Act of 1868 in the United Kingdom, namely,

27,812.

We may next pursue our inquiries concerning the results of the

operations of the Commission, and ascertain whether evidence as

complete as in the case of the shad is supplied with regard to other

species, and whether it supports conclusions of the same favorable

nature concerning the influence of artificial propagation. At the

end of Dr. Smith's report on statistics in the volume for 1889 to

1891 it is stated that the fishermen of the southern New England

coast have been much surprised, as well as pecuniarily benefited, by

the appearance of young cod in great abundance on grounds where

the fish have been scarce or absent for years. The fishery began in

1889, when a few small vessels made good fares, one schooner

landing 300,000 lbs. of the fish. Inquiries conducted by the Commis-

sion showed that in 1890 by the last of July about 4,000,000 lbs. of

small and medium-sized cod were taken in the inshore waters of

southern New England, which even the most sceptical fishermen

were willing to acknowledge were fish that had been artificially pro-

pagated at the Government hatcheries at Wood's Holl and Gloucester.

As a result of this single fishery over $100,000 was added to the

income of the fishermen, and there was reason to believe that a

permanent summer fishery had been inaugurated that promised good

returns.

It would, of course, be desirable to have the complete statistics of

the New England cod fishery in order to critically examine this

statement about the increased abundance of cod. Acknowledgments
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by the most sceptical fisliermen are not in themselves conclusive.

We find that the cod is the most important single species in the

New England fisheries, the total catch in 1889 amounting to

97 million pounds, valued at 2^ million dollars. But it appears that

this fishery is carried on chiefly on the banks east of 65° W. long.

It might be suggested that the inshore cod in question migrated in

from the banks, but on the whole the probability seems to be on the

side of the Commission, which regards these cod as its own pro-

duction. It is interesting to ascertain the extent of the propagation
of cod in the years preceding 1890. The number of fry produced
were

—

1889. Gloucester . . 11,000,000

Wood's Holl . 8,000,000

Totals.

19,000,000.

1888. Gloucester . . 627,040

Wood's Holl . 8,843,600

9,470,640.

1887 *)

1886* [
^^^^'^ ^^^^

• 20,000,000 20,000,000.

The number of cod eggs hatched increased in 1890 and 1891 ; in

the former year it was 21 millions, in the latter 55 millions. The
pelagic eggs of marine fishes are still hatched by the offi.cers of the

Commission in the Chester tidal boxes and the improved McDonald
tidal boxes. No mention is made of any attempt to test the

efficiency of apparatus which has been found so much more satisfac-

tory in Europe,—for instance, the Dannevig hatching box, or the

hatching jars arranged on the plan used in our Laboratory at Ply-

mouth. At Wood's Holl lobster eggs were stripped from the berried

females, and also treated in the Chester and McDonald apparatus
and in the universal hatching jar, the total number taken being
8,317,600, and the production of fry 54 per cent. The fry were
released when two to four days old, except a few which were kept
in the jars for six weeks. A fuller account of this experiment is

contained in Mr. Rathbun's report on Food-fishes and Fishing
Grounds, from which it appears that the Americans have found the

problem of rearing lobster larvae as difficult as we at Plymouth. It

is stated that in none of the trials did more than a small percentage
survive for any considerable length of time. Specimens about one
month old were taken at the surface in Wood's Holl Harbour, how
many or how frequently is not stated ; in England the capture of pelagic

lobsters is very rare. The stomachs of these specimens contained frag-

ments of Copepods and of the larval stages of crabs, so that their natural

food appeared to be other pelagic Crustacea, As at Plymouth, it was
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found that they would eat almost any animal food, from hard-boiled

eggs to their own fellows, and rapidly gorged themselves, after

which the majority soon died.

Among special observations and experiments described in Mr.

Rathburn's report we have it stated that Mr. V. N. Edwards has

studied the spawning and hatching of Pseudo pleuronectes americanus,

the flat-fish or winter flounder, and has discovered that the eggs of

this species are adhesive and sink in sea water. The best method

of handling them was found to be to spread them thinly on panes of

glass and place them in a current of water in the hatching boxes !

It seems scarcely credible that any species of the Pleuronectidse

should not have buoyant pelagic ova. But the statements seem to

leave no room for doubt, as Mr. Edwards is represented as squeezing

the eggs from the fish and hatching them with facility ; it is even

stated that occasionally adhesion occurs among the eggs in the ovary,

which when pressure is applied come out in a solid mass. It was

an unexpected fact that the eggs of the sprat and pilchard are pelagic,

while those of the herring are adhesive ; and now we have a surprise

in the opposite direction in the discovery of adhesive eggs in a flat-

fish. The mere statement, however, requires to be supplemented,

as doubtless it will be in time, by a description with figures by the

original observer. Alex. Agassiz and Whitman in 1885 attributed a

certain pelagic egg to this species, but apparently they were mistaken.

The eggs of Pleuronectes maculatus and Paralichthys ohlongus were

obtained at Wood^s HoU by Mr. Edwards, and were buoyant.

It had generally been believed that the American oyster, Ostrea

virginica, did not reproduce itself in San Francisco Bay, where large

numbers of seed or yearling oysters brought over from the Atlantic

coast are reared for the market. Mr. Townsend, naturalist of the

steamer " Albatross,^' has, however, found in several parts of the bay,

Atlantic oysters naturally spatted and derived from parents on the

planted beds in such conditions

—

e. g. attached to rocks and piles—as

left no doubt that they had developed from free spat in situ. Mr.

Rathbun^s report gives a fuller account of the oyster investigations

referred to by the Commissioner himself. It is to be hoped that

the efforts of the Commission will succeed in improving the condition

of the oyster industry on the Atlantic coast, for the statistical review

in the Report for 1888, already frequently referred to, shows that a

serious deterioration had taken place between 1880 and 1888. The
total decrease in bushels was from 22,195,915 to 21,765,640, made
up as follows. The production in the New England States had

increased enormously—more than doubled, in fact ; in the Grulf States

it was nearly four times as great in 1888 as in 1880, and there was

also an increase in the Pacific States and in the South Atlantic
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Sfcates. But a large proportion of tlie total production was derived

from tlie Middle Atlantic States, wliicli may be regarded as tlie

chief original source of American oysters, and this quantity had

decreased from 20 million to 17 million bushels.

In conclusion we may refer to the account in the Commissioner's

particular report of an investigation, by the United States Senate, of

certain charges brought against the administration of the Commis-
sion,—charges of want of discipline, inefficiency, and corruption. A
committee of the Senate thoroughly inquired into the charges, and
found none of them to be established, but decided from the evidence

that the Commission was properly administered, and was performing

valuable work worthy of its cost to the State. On this result all

who know anything of the Commission will heartily congratulate it

and its energetic chief, Colonel McDonald.
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I. Diagnostic Characters in Flat Fjsetks.

One of the objects of zoological study is to ascertain more com-

pletely and more accurately the peculiarities by which one kind of

animal (species^ variety, genus^ &c.) is distinguished from another.

The advance of our knowledge in this direction depends on the

more minute examination and more accurate distinction of known
forms, the examination of larger numbers of specimens from familiar

localities, and the examination of specimens from localities pre-

viously nnsearched. There is scarcely any family so thoroughly

investigated that it does not yield new discoveries on a renewed

examination of more abundant material. It is found possible to

recognise finer distinctions, and so split up one species into several,

or convert what was considered a species into a genus. New mate-

rial—that is to say, examination of a large number of specimens

—

often shows, too, that distinct species are more or less connected by
intermediate forms. But in all this work the part played by these

minute peculiarities in the life of the animal usually receives little

attention. It is not the object of systematic zoology to ascertain

the uses of characters, or to explain their origin. These objects

require different methods, and are usually pursued by different

NEW SERIES.— VOL. Ill, NO. IV. 21
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investigators. But among tlie various metliods employed there is

one wliicli lias seldom^ if ever, been followed—tliat of surveying tlie

various cliaracters of different grades,—specific, generic, family, &c.

—in order to find wlietlier it is possible to trace a connection between

them and the habits of the animals which exhibit them, and gene-

rally to consider how far the principles which have been suggested

in explanation of the evolution of species are applicable to the

diagnostic characters of a particular family. On the present occa-

sion I propose to consider the family of flat fishes. This Journal is,

I think, not the place for a paper entirely devoted to developing

arguments or presenting evidence in support of particular views or

conclusions of a theoretical character. Therefore, although my
inclination to certain views may be obvious in the following remarks,

I have no desire to press these views on this occasion ; but my object

is merely to describe certain observations and studies I have recently

made, and to point out what an immense field of interesting inquiry

is afforded in the relations and development of those characters by

which the subdivisions of a single family of fishes are distinguished.

My own observations have been for the most part confined to

British specimens of the family of flat fishes ; and for a general

survey of the characters throughout the family, and their relations

to one another, I shall rely chiefly on a valuable paper by the

American ichthyologists, Jordan and Goss, published in 1889.^

Certain kinds of flat-fish are distinguished by the fact that the

dorsal and ventral fins are prolonged on to the lower side of the

body at the base of the tail, the attachments of these accessory

portions being transverse to the axis of the body. One of the fish

that 2^1'esent this character is not uncommon round all the coasts of

Britain ; at Plymouth sj^ecimens are frequently obtained, either in

the Sound in summer, or on more distant grounds. This is the

Zeugopterus ininctatus of Collett, the 3Iiiller's toplcnot of Couch,

Rhomhns hirtus of Yarrell. The chief other characteristics of this

fish are its almost rectangular shape, the posterior region of the

body being much broader and less triangular than in other flat

fishes, the roughness of the upper side of the body, due to the

character of the scales, and the j)resence of a large foramen in the

septum between the gill-cavities. The great breadth of the body
posteriorly is due partly to the breadth of the body proper, partly to

that of the dorsal and ventral fins, in which the fin-rays are longest

near the posterior end, so that the outer edges of the fins form a

straight line transversely across the base of the tail. The snout is

obtuse, and the trunk and dorsal fin rise steeply behind it, giving

* A Eevieio of the Flounders and Soles (Pleuronectids') of America and Hurope, by

David StaiT Jordan and David Kop Goss; Rep. U.S. Fish Commission for 1886 (1889).
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the rectangular form anteriorly. The scales are short from before

backwards and broad transversely ; the exposed portion is short,

and projects outwards from the skin at an angle with the embedded
portion ; at the edge is a single row of spines, of which the central

one is considerably the longest. These spines are not of the same
length in all the scales, but longer ones occur at scattered points

over the skin.

Only tAvo other kinds of flat fishes are known in which what may
be called subcaudal finlets are present ; or, to put the same fact in

other words, the fishes in which this character is present are sepa-

rated by other differences into three species. The other two are

Zeugopteriis tmimaculoAiis, Steenstrup, and Zeugoi')terus norvegicus

(Giinther). The former is distinguished by the fact that the first

ray of the dorsal fin is produced into an elongated filament, while

in the latter this character is wanting, and the pelvic fins are

separate from the ventral, not united with it as in ininctatns. The
other specific characters consist in minor differences in the generic

characters themselves. The perforation of the branchial septum

exists also in ArnogloHsns megnstoma, commonly called the megrim
at Plymouth ; and in consequence of this Steenstrup included this

species with the three previously mentioned in the genus Zeugo-

pterus. But as this last species does not possess the subcaudal

prolongations of the dorsal and ventral fins, nor the other characters

which unite the first three, it is best to confine the name Zeugo-

pterus to these three species.

The three species of Zeugopterus, then, have what may be described

as a continuous distribution. No two of them are geographically

separated, and they have not been found anywhere beyond a limited

region on the coast of Europe. All three occur on the British

coasts. Pnnctatus is, as has been stated, frequently taken in

Plymouth Sound ; it occurs all along the south coast of England, and
also on the east coast. It has been taken on the east coast of Scot-

land as far north as the Orkneys, on the west coast of Scotland in

the Firth of Clyde, and on the east coast of Ireland, Northward
the species extends to the north coast of Norway, southward to

the northern shores of France, but it is absen^t from the Mediter-

ranean. Norvegicus is likewise a northern form, not ranging to the

Mediterranean. I have taken several specimens at Plymouth : one

specimen was taken during the survey of fishing grounds on the

west coast of Ireland, 1891—2 ; three specimens have been taken in

the Clyde. It is somewhat rare on the Scandinavian coasts. Uni-

maculat'us, on the other hand, is a Mediterranean form, occasionally

but rarely taken on British and northern coasts. I have never

obtained a specimen at Plymouth. On the south-west coast of Scot-
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land it is more abundant than at any other part of the British coasts,

several specimens having been taken in Loch Fyne and the Firth

of Clyde, It has been taken on the coast of Denmark^ but not on

that of Norway.

Peculiar habits, diifering from those of other flat fishes, have been

observed in living specimens of two species of Zeugopterus, namely,

punctatus and unimaculatus. The fish are seen in aquaria to be

nearly always adhering to the vertical sides, remaining in one place

for a long time, and keeping themselves suspended in this way in a

vertical position without any difficulty. Other flat fishes occasionally

assume this position, but are unable to retain it for more than a few

seconds or minutes. This habit was studied by the late Mr. George

Brook, F.Z.S., who described his observations in two papers.^ In the

first of these he refers only to Zetujopterus 'animaculatus, of which he

took several specimens in Loch Fyne in a small sandy bay. They

usually adhered to the sides of the tank in which they were placed,

although found on this sandy ground overgrown with Zostera or sea-

grass. The body was slightly raised from the glass with the lower

surface of the unpaired fins tightly pressed against it. A current of

water is stated to have passed from the branchial chamber of the

lower side along the space between the body and the glass and out

behind, this current being caused by a rapid vibratory movement of

the accessory portions of the dorsal and anal fins. The accessory

portions of the fins appeared, therefore, " to be specially constructed

to aid in the respiratory function." In his later paper Brook states

that he was inclined to think he laid too much stress on the action of

the accessory flap. " The basal portions of the vertical fins are kept

in constant motion, but this motion is more vigorous in the rays

immediately in front of the tail than in the accessory flaps situated

underneath it." Brook did not attempt to explain the method by

which the fish was enabled to adhere to the glass or other vertical

surface and maintain itself in a vertical position.

My own observations in the Plymouth Laboratory have been made

on Z. punctdtus, and my object was to ascertain what force kept the fish

in a vertical position against a vertical surface, and how the force was

produced. The fish lives well in confinement, and is not timid or violent

in its movements when disturbed. It is not difficult, therefore, to guide

it to the glass front of the tank and persuade it to adhere there, so that

observations and experiments can be made with it. It was evident

that the adhesion of the fish was not produced by ordinary sucker

action—in other words, by hydrostatic pressure, because the space be-

neath the body was freely open to the outside water in front dorsally

* Ichthyological Notes, Fourth Ann. Rep. Scot. Fishery Board ; Notes on the British

Species uf Zeugoptertis, Proc. Roy. Phys. See. Edinb., Session 1886-7.
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and ventrallj to tlie head. The posterior parts of the fin-fringes

were in constant motion, moving in a series of vibrations from before

backwards, together with the part of the body to which they were

attached, and the eifect of this motion was to pnmp out the water

from the space between the body and the glass, its place being

supplied by water which entered in front. The subcaudal fin-flaps

were perfectly motionless, and tightly pressed between the base of

the tail and the surface of the glass, so that any movement of them

was impossible. The question arose, however, whether the tail and

these flaps formed a small sucker which helped in the adhesion.

To test this I removed the flaps with a snip of the scissors,

an operation which caused very little pain to the fish, and it

adhered afterwards quite as well as when the flaps were in their

natural condition. The subcaudal flaps are therefore certainly

not necessary to the adhesion, nor to the pumping action of the

nmscles and fins, which went on as before. It seemed probable,

therefore, that the pumping action was itself the cause of the adhe-

sion. But the difliculty in accepting this view was that there was a

distinct though gentle respiratory movement of the jaws and oper-

cular flaps ; and if the pumping of the water from beneath the body

caused a negative pressure there, and a positive pressure on the

outer side, of the body, it seemed equally certain that the respiratory

movement must force water into the space beneath the body, and

so cause a positive pressure there which would tend to force the fish

away from the glass. The currents of water were now examined by

means of the suspended particles in the water, and by putting-

carmine from a pipette at any spot at which it was desired to see

the rapidity and direction of the flow. Particles were seen to pass

in at the mouth and out at the lower respiratory orifice, bvit particles

and carmine were also seen to pass into the space beneath the body

above and below the head without passing through the respiratory

channel. It was, therefore, satisfactorily proved that the amount of

water pumped out in a given time at the sides of the tail was greater

than the amount passed in anteriorly by the respiratory movements;

and considerably greater, for the velocity of the stream above and

below the snout as shown by the movement of the iDarticles of carmine

was by no means insignificant. It follows that the pumping action of

the fins, continually withdrawing water from the space between the

body and the surface to which it is applied, causes a negative pres-

sure greater than the positive pressure due to the respiratory move-

ments, and this keeps the body pressed against the vertical surface

sufliciently to prevent its falling. The negative pressure is continually

being neutralised by the water entering in front, and therefore the

pumping action must be constantly kept up, as it is observed to be.
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The direct resistance wliicL prevents the fish from falling under the

action of gravity is, of course, friction ; but unless there was some force

to press the fish against the solid surface there would be no friction.

In testing the currents with carmine it was seen to pass in at the

mouth and out at both gill openings and nothing was observed which

indicated a special part played by the perforation of the gill-

septum.

To test the validity of the explanation I had arrived at concerning

the adhesion of the fish, I constructed a model in the following

manner. I took a rectangular piece of flexible thin sheet india

rubber. In the middle of each of the shorter sides I fastened, by a

few stitches of sewing cotton, a short piece of glass tubing. On to

one of these pieces I adjusted a long piece of rubber tubing. I placed

the apparatus in a tank, bringing the tubing out over the edge of the

glass front, and allowing it to act as a siphon, drawing water out of

the tank. While the siphon was running I placed the india-rubber flap

gently against the glass inside the tank under water, and it remained

adhering to the surface. The front piece of glass tube now repre-

sented the respiratory channel of the fish, and above and below it

were apertures between the front of the tank and the rubber flap, re-

presenting the apertures above and below the snout in the case of the

fish. The action of the siphon represented the pumping action of the

muscles and fins in the fish. There was nothing in the model to

represent the respiratory movements of the fish, but that does not

invalidate the comparison. When the siphon was stopped by pinching

the rubber tubing outside the tank, the rubber flap fell away from

the glass and sank slowly to the bottom of the tank. I think with

this confirmation the evidence I have now given in support of my
explanation of the adhesion of the fish to vertical surfaces is amply

sufficient. I have observed that when other kinds of flat-fish cling

to the vertical surface of the glass front of an aquarium they move the

posterior parts of the unpaired fins in the same way as Zeugopterus,

but these parts of the fins and the muscles adjacent being less deve-

loped, the action is neither so powerful nor so long maintained.

There can be little doubt that the explanation above given applies

to 7i. unimaculatus, in which the habit of adhesion was observed by
Brook, as well as to Z. pimctatus. It probably applies also to Z.

norvegicus, but I have not yet ascertained whether this species has

the same habit. We do not know at present whether there are

any other important differences in mode of life between Zeugopterus

and other genera,—such, for instance, as kind of food. We know
that these flat fishes are not entirely confined to rocks, but are also

found on sandy bottoms with other flat fishes. There is no doubt

that when adhering to a rock, one of these fishes accommodating
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its colour to that of tlie rock surface is well concealed from obser-

vation^ and in this way its habit is an advantage to it^ just as the

habit of covering itself with sand is of advantage to a sole.

But according to the present state of our knowledge the only

generic character which is necessary to the peculiar habit is the

great development of the posterior muscles and fins^ which is the

chief factor in the characteristic shape of the body. It is possible

that the roughness of the upper surface, due to the spines of the

scales, adds to the concealment of the fish by aiding in the resem-

blance to a rock surface. But no use has yet been found for the

subcaudal prolongations of the fins or the perforation of the gill-

septum.

With regard to the specific characters, nothing is known of

peculiarities in mode of life which would give an importance in the

struggle for existence to the concrescence of the pelvic fins with the

ventral in pu?icfflii(5, to the absence of this character and the

elongation of the first dorsal ray in unimaculatus, or to the absence

of both characters in norvegicus. No use is known, in fact, for any

of the other specific characters, of which a brief review may be here

given. The characters tend to form a series. Thus, in size,

norvegicus is smallest, unimactdatus larger, and punctatus largest,

the last reaching a length of 8| inches. The subcaudal fin-flaps

are least developed in norvegicus ; most in functatiis ; each has four

rays in norvegicus and unimctculatus, six in piinctatus. The

shortening and spinulation of the scales are greatest in 'piinctatus,

least in norvegicus. In lyunctatus there are teeth on the vomer, in

unimaculatus none, in norvegicus they are very small.

According to the studies of Jordan and Goss, the flat fishes form

three well-marked sub-families, including the most numerous and

important forms, and sundry other sub-families of less importance.

These three are those whose familiar British representatives are the

turbot, the plaice, and the sole ; they may be called the Ehombin^e,

Pleuronectina3, and Soleinte. I do not follow the American authors

in their application of the names. The Rhombinte have the

following principal distinguishing characteristics.

The body is sinistral. The mouth is symmetrical, the dentition

nearly equally developed on both sides, and the teeth acute.

Pectorals and pelvics usually well developed, and the pelvics asym-

metrical, that of the left or eyed side inserted on the extreme edge

of the abdomen, its rays more or less wide apart ; that of the right

side inserted on the right side. Caudal fin rounded or subtruncate.

Vertebrae in moderate or small number. Species chiefly tropical or

subtropical.

It is to this division that Zeugopterus belongs. The nearest



254 EXPERIMENTS AND OBSERVATIONS

relative of Zeugopterus is certainly the megrim, which has the per-

foration in the gill-septum. This fish was united with Zeugopterus

by Steenstrup, with Arnoglossus by Day. Giinther places it as a

sub-genus of Rhombus, with the name Lepiclorhombus, and in my
opinion it is best to separate it altogether under this name. The

only other species of the genus is Lepidvrhomhiis JBoscii. I do not

know whether the latter has a perforated gill-septum, but think it

probable. The chief characters of Lepidorhombus are the very

large mouth, thin body, and skin with little pigment and ciliated

deciduous scales. Citharus linguatula, Giinther, closely resembles

the megrim, but has unequal teeth, and is destitute of the perfora-

tion of the gill-septum. Arnoglossus is a fairly well-marked genus,

of which several species have been described, but only two [latent

a

and GroJtmanni) are definitely known to myself. The scales are

small and feebly ciliated, very deciduous, the skin also being very

thin and weak, so that it is easily torn and detached. The mouth

is comparatively small, much smaller than in Lepidorhombus. The

fish are of somewhat small size. The presence of secondary sexual

characters must be regarded as characteristic of this genus, some of

the anterior median fin-rays being elongated in the male. All these

forms are confined to the coast of Europe. Two species from deep

water in the Gulf of Mexico have been assigned to Arnoglossus, but

there is little probability that they rightly belong to it.

Rhombus is a genus which is distinct from all those above

mentioned. It has a broad, usually strong body, with a thick skin

;

a broad interorbital area, whereas in the preceding forms it is narrow,

and scales small, cycloid, or wanting. The mouth is large and the

jaws strong ; the teeth small, in bands, and nearly equal. The specific

differences consist chiefly in the character of the dermal armature.

In the brill [Rliomhus Isivis) the scales are cycloid and imbricate on

both sides of the body, and there are no bony tubercles ; the

anterior rays of the dorsal are somewhat prolonged and much
branched. In the turbot {Rliomhus maximus) there are no scales,

but bony tubercles scattered over the upper surface, absent on the

lower ; and the anterior dorsal rays are not prolonged, or distin-

guished in any way. These two are confined to Europe ; on the

American coast of the Atlantic there is a species resembling the

brill called R. maculatus, known commonly as the window-pane, from

its thinness. It is scaled on both sides, and the anterior rays are

more prolonged than in the European brill. Transitional forms

between the brill and the turbot have long been known, and were

originally described as a separate species under the name R. moeoticus

by Pallas in Zoogr. Ross. As. in 1811. Specimens from the Black

Sea have been frequently described since, and they seem to be more
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abundant there than elsewhere. Steindachner (Ichth. Berichte,

1868) states that a complete series of gradations between the

ordinary turbot, in which the scales are obsolete, and the scaly

turbotj which is more or less completely scaly, is to be observed. He
obtained one of the most completely scaled specimens from the

Baltic. Whether these specimens are to be regarded as variations,

a variety, or as hybrids, we do not know. If they breed true, so

that a scaled specimen is derived from scaly parents, then they

form a variety, but this seems unlikely ; it seems more probable that

scaled forms occasionally develop from ordinary parents.

Another interesting genus in the Rhombinte closely allied to

Rhombus is Rhomboidichthys, called Platophrys by Jordan and Goss.

In this genus the scales are small and ctenoid, and not deciduous.

The interorbital space is very broad, and the peculiar position of

the dorsal eye gives a curious appearance to the fish. There is a

slight difference between the sexes, the pectoral of the left or upper

side being filamentous in the male. Many species have been

described from the West Indies and east coast of South America,

and one from the Pacific coast.

It is unnecessary at present to refer to any of the remaining

genera or species of the Rhombinge which are less known. The
principal characters by which the best known forms are distinguished

have been mentioned, and what do we know of the functions of those

characters ? No one has hitherto been able to suggest a reason why
the scales are more useful to the brill and tubercles to the turbot.

We do not know why the male Arnoglossus requires elongated fin-

rays, a kind of piscine moustache, a masculine ornament which is

developed in several other species of fish. We can say with truth

that the Rhombinse are for the most part predaceous flat fishes

which seize active prey, and to this habit of life the large sym-

metrically developed mouth and teeth are adapted. It is quite

possible, too, that if we knew the habits of particular species more
exactly and more completely, we should see that the whole muscular

system and shape of body, as well as the particular size of mouth,

were adapted to the particular habits and surroundings. But this

leaves some of the features most important in diagnosis, such as

the scales and the secondary sexual characters, unexplained.

A different set of characters offering similar difficulties occurs in

the sub-family Pleuronectinae. The common features of this sub-

family as diagnosed by Jordan and Goss are the following :

Mouth small, asymmetrical, the jaws on the eyed side with nearly

straight outline, the bones on the blind side strongly curved ; den-

tition chiefly developed on the blind side ; eyes large ; edge of

pre-opercular not hidden by the scales
;
pectoral fins well developed

;
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unpaired fins well separated
;
pelvic fins nearly or quite symmetrical

;

body dextral. Species arctic or subarctic in distribution.

In this sub-family Jordan and Goss make our common dab tbe

type of a genus. The cliaracters are

—

No accessory branch to the lateral line^ but a distinct arch in

it over the pectoral.

Scales rough, ctenoid, and imbricated.

Vertebras forty in number.

The authors recognise four species. One of these is doubtful,

founded by Prof. Goode on certain specimens taken in deep water

off the southern coast of New England. Limanda limanda, the

European form, has no rugose prominences above the operculum

behind the interorbital ridge, , The fin-rays are—dorsal 65 to 78,

ventral 50 to 62 ; scales along the lateral line 86 to 96, teeth in an

irregular series. This species extends from the Atlantic coasts of

France along all the coasts of Northern Europe, and on the coast of

Iceland : it is absent from the Mediterranean.

Limanda ferruginea is the dab of the American side of the

Atlantic, extending from New York to Labrador. It differs from

ours in having more numerous teeth in a more regular close-set

series, a more projecting snout, and rugose prominences above the

operculum. The fin-rays are a little more numerous, namely, D. 85,

A. 62. The scales are smaller and more numerous, namely, lateral

line 100.

Limanda aspera is the dab of the North Pacific. It is distin-

guished by somewhat marked characters, of which the principal are

that there is no angle between the snout and the profile of the head,

and the scales of the blind side are more or less rough, those of the

upper side rougher than in the other species. Specimens have been

taken on the coasts of both Alaska and Kamtschatka. It seems,

therefore, that while the species on opposite sides of the Atlantic

are different, those on opposite sides of the Pacific are the same.

This case offers an instance of geographical races. The differences

are not great, but if they are constant it matters little whether we call

these forms, species or varieties or races. The case affords a contrast

to that of Zeugopterus ; in the latter we have three species in the

same area, separated by no barriers except those which are physio-

logical : in other words, they do not interbreed. In the case of the

three forms of Limanda interbreeding is physically impossible,

except where the ranges meet. We have no evidence that the

differences are adaptational.

Closely allied to Limanda is a species in the Pacific called by

Jordan and Goss Lepidopsetta bilineata. Only one species is placed

in the genus, the establishment of which seems superfluous. The
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form is distinguished from Limanda by the presence of an accessory

branch of the lateral line, which starts from the anterior portion of

that line, extending in all members of the family above the eyes, and

runs backward along the base of the dorsal fin. It is a curious fact

that this variation is known as a constant character only in the

Pacific, and that there it occurs in a large number of species : of

the thirteen species of this sub-family in that ocean distinguished by
Jordan and Goss it occurs in eight ; and it also occurs in one genus,

also in the Pacific, in the quite distinct sub-family Hippoglossinge.

A fact of this kind cannot be explained simply as an adaptation ; it

cannot be supposed that there is some common peculiarity in the

habits and surroundings of all these species which renders this

particular extension of the lateral line useful.

The plaice {Pleuronectes iilatessa) is distinguished from P. limanda

by wanting the arch to the lateral line, having cycloid reduced

scales and tubercles on the post-ocular ridge. The flounder has

differentiated scales, most of them being reduced and cycloid as in

the plaice, but those along the bases of the longitudinal fins, along

the lateral line, and on the head being enlarged to form rough

spiny tubercles. Pseiido-pleuronectcs americanus, the representative

of the plaice on the east coast of America, approaches the dab in

having imbricated ctenoid scales. In Liopsetta Putnami the spinu-

lation of the scales is a sexual character, the scales in the male

being rough and strongly ctenoid, in the female smooth and almost

completely cycloid. This species ranges from Cape Cod to Labrador.

Mr. Holt, in the last number of the Journal, has described specimens

of the plaice from the Baltic in which ciliation or spinulation of the

scales, although varying in different individuals, was distinctly a

sexual character more strongly developed in the males. Mobius, in

his Fishes of the Baltic,* mentions these ciliated plaice, and observes

that they form a transition to unusually smooth specimens of the

flounder. The smooth flounders, although occurring on the south

coast of England, are stated to be commonest in the Mediterranean,

where they seem to occur exclusively. It appears, therefore, that

there is a northern rough variety of the plaice and a smooth variety

of the flounder in the south.

We have at present no evidence that these differences are adap-

tational, nor can we trace them to preceding or determining causes.

But, on the other hand, we must admit adaptation in many of the

characters of the sub-family. For instance, the small size and asym-
metrical shape of the mouth correspond to the general habit of these

fish of feeding on invertebrate slow-moving creatures on the sea

bottom. The fish seize their prey from above with the lower side of the

* IV'e Berjclit clev Comui. zur Unters. der Deutscben Meere,
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jaws. But many of the characters of the sub-family cannot definitely

be proved to be adaptive^ e. g. the narrow symmetrical pelvic fins

and the sligflit anterior extension of the dorsal fin.

II. The Development op the Egg in Flat Flshes and Pipe-fishes.

Since my paper in Vol. III^ No. 2, p. 154, of this Journal was

written I have been continuing my studies of the development of

the eggs in the ovaries of fishes. My attention has been given

principally to the history of a definite body in the yolk known as

the vitelline nucleus, but quite distinct from the proper nucleus of

the eg^ or germinal vesicle. I hope to be able at some future time

to publish a full account of my observations with adequate illus-

tration, but in the meantime some account of the subject in the

Journal of the Association may be useful.

In the fresh state it is almost impossible to perceive any trace of

the vitelline nucleus, only a faint indication of it can be made out

after familiarity with it has been gained by the study of its struc-

ture in preparations which have been subjected to the action of

reagents. In fishes in which the eggs before the development of

yolk are extremely transparent the structure can be easily seen

after treatment with dilute acetic acid, in a small portion of the

ovary simply spread out on a slide. In those eggs in which the

development of yolk has made considerable progress the body in

question can only be seen in prepared sections. In a piece of the

ovary of a flat-fish in which there is no yolk—for instance, a flounder

or plaice,—on the addition of acetic acid the transparent protoplasm

of the egg gradually coagulates, and the first change to occur is the

appearance of the vitelline body as a spot which is more opaque

than the surrounding substance. In the larger ova (Fig. 1, h) this

body is round and of considerable size, somewhat larger than one

of the nucleoli of the germinal vesicle, and it is situated between

the germinal vesicle and the surface of the ovum. Examined with

a high power it is seen to consist of a spherical collection of

minute granules. In the smaller eggs (Fig. 1, «) those about '118

mm. in diameter, the vitelline nucleus is somewhat smaller and

close to the surface of the germinal vesicle. In still smaller eggs,

only '10 mm. in diameter, the body can just be discerned as a

few granules just outside the membrane of the germinal vesicle, and

in ova smaller than this no trace of it is visible. I have not been

able to see any indication that the vitelline body is situated on a

particular side of the Qgg. The egg is approximately spherical ; the
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question whether the radius of the sphere which is determined by
the presence of the vitelline body has any particular position in the
subsequent history of the egg will be considered later.

It will appear, then, that the body in question, judging from exa-
mination of entire fresh ova treated with acetic acid, is not presentm the youngest ova, but becomes visible when they have reached a

Fia. 1.—Developing egg-s from the ovary of a plaice 8| inches long, examined August 30th
1894'; treated with dilute acetic acid. Seen with Zeiss E, oc. 3.

certain definite size ; that it makes its appearance in the form of a
few granules close to the wall of the germinal vesicle, and as the

egg becomes larger is gradually more and more separated from the

latter, at the same time increasing in size and opacity. 'J'his

suggests that the body is formed from the germinal vesicle by the

expulsion of granules ; but no direct evidence of this can be seen,

and, moreover, it is not supported by the fact that the vitelline body
increases in size after it is separated by a layer of protoplasm from
the germinal vesicle. In eggs in which the yolk has begun to

appear at the surface of the cell-plasma the vitelline body is seen

beneath the layer of yolk granules, and it never actually reaches the

surface of the egg.

After the character of the vitelline body has been studied in ova
treated with acetic acid, it is possible sometimes to make it out in

living ova without the addition of any reagent. It is seen then as

a group of faint granules whose opacity and refringent power are

very slightly different from those of the surrounding cell-plasma.

There is, therefore, a stage in the development of the ova in a

flat-fish in which neither the vitelline nucleus nor the yolk have

appeared or commenced to develop. It would be interesting to

have a satisfactory account of the whole history of the ovum, and
particularly of this early stage, but at present there are many pas-

sages in the history not yet elucidated. In prepared sections of an
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ovaiy from an immature fish—for instance, a plaice 7 1 inches long

killed in March—the youngest ova are seen beneath the surface of

the germinal lamellce. The lamella are covered by a very thin

membrane containing nuclei. This membrane rej3resents what is

known as the germinal epithelium, but it is so thin that it is diffi-

cult to see much of it in transverse sections. The smallest ova are

rounded, and their germinal vesicle contains one large nucleolus,

whose diameter is usually equal to half the diameter of the whole

vesicle. This nucleolus is solid and homogeneous, and is darkly

stained by staining liquids. In the ova of many animals—for ex-

ample, Ascidians, Echinoderms, Molluscs—the germinal vesicle

remains in this condition, having one large nucleolus until the

egg is ripe. In the fish, as the egg gets larger, instead of one a

number of nucleoli are developed, which, at first scattered through

the reticulum of the vesicle, are subsequently arranged in a single

layer in the external region just within the limiting membrane.
None of the numerous nucleoli are as large as the original single one,

and I believe that the latter subdivides. But I do not think all

the new nucleoli are produced by subdivision of the original one,

because in the younger and smaller ova there are to be seen very

minute nucleolar granules together with a large undiminished

nucleolus, so that it is to be inferred that many of the additional

nucleoli are produced by the increase in size of these miuute granules.

In very young fish none of the ova contain a vitelline nucleus

;

for instance, in sections from a plaice 3 inches long, killed in March
and probably a year old, it is not to be seen. In these sections the

largest ova have a diameter of "07 mm. The production of young
ova in this ovary was evidently going on rapidly ; nests of them
are present at numerous spots in contact with the germinal epi-

thelium. But even at this early stage nuclear division figures are

not to be seen, nor have I detected such figures in sections of the

ovary at any stage. It may be that even in the young ovary the

youngest ova seen have passed beyond the division stage and
entered upon the period of growth, and that division only takes

place in the flat germ-cells of the epithelium, and cannot be seen in

sections. But even when examining the germinal epithelium from
the surface I have seen no division figures, nor am I aware that

other observers have described any. It is a point which requires

further investigation.

In sections from a plaice 7| inches long, fixed with chromic and
osmic acids, the vitelline nucleus is distinctly visible in the larger

ova, whose diameter has a maximum of "14 mm. The appearance

of the nucleus is quite different from that of the nucleoli in the

germinal vesicle ; its outline is not so definite, and it is seen to be a
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group of refringeiit granules. It does not stain so deeply as tlie

nucleoli. The younger stages of it described above as seen in

fresh preparations are not visible in the sections, but only the later

stages in which it is situated near the surface of the ovum.

The vitelline nucleus persists in the ovum during the development

of the yolk. To obtain satisfactory sections of the yolked ova, as

a rule other reagents must be used than those which succeed best

with the ovaries in which yolk has not begun to develop. Picro-

sulphuric acid is one of the reagents which give good results. I

have some sections prepared with this reagent from a large plaice

taken from the aquarium and killed in August. In these many of

the smaller yolkless ova are collapsed and shrunken, and the con-

nective tissue between the ova is distended and broken, but the

yolked ova are in many cases wonderfully perfect. The stain used

was htematoxylin, and the yolkless ova are over-stained, but in this

respect also the yolked ova are very satisfactory. The yolk forms

an external layer of varying thickness according to the size of

the egg ; and between it and the germinal vesicle is a layer of

finely reticulate protoplasm. The vitelline nucleus has a shape

which suggests that of an octopus : towards the centre of the egg

it is rounded and has a definite outline, although it is not separate

from the surrounding protoplasm, but continuous with it. It lies on

the inner boundary of the layer of yolk, which consists of small

yolk spherules. On the outer side the vitelline nucleus gives off a

number of diverging processes which run into the yolk layer,

becoming continuous with the protoplasmic strands which separate

and enclose the yolk spherules. The substance of the vitelline

nucleus is deeply stained (in Inematoxylin) , and in structure is finely

granular, not as in the younger stage composed of a small number

of refringent granules.

As the thickness of the yolk layer increases it at lasts passes the

vitelline nucleus, so that the latter comes to be situated entirely

within the yolk-containing layer of the egg, and can be seen as an

island of granular protoplasm surrounded by the yolk spherules.

In this condition it is not so conspicuous, and is relatively smaller.

My preparations showing this stage are from a large plaice killed in

August, and the largest eggs in the sections are about '28 mm. in

diameter. In these most advanced eggs there is still a layer of

protoplasm containing no yolk between the layer of yolk and the

germinal vesicle.

During the development of the yolk the germinal vesicle exhibits

changes. The chief of these is that the nucleoli are no longer

almost always arranged in a single row at the outside of the vesicle,

but are seen scattered in the central regions. In many preparations



262 EXPERIMENTS AND OBSERVATIONS

the membrane or outline of the germinal vesicle is much wrinkled

and contracted^ but this is to a certain extent due to the action of

reagents. It occurs in preparations made with corrosive sublimate

and acetic, and with picro-sulphuric acid, but in some preparations

made with chrom-osmic acid it is less marked. On the other hand,

in a piece of the ovary from a flat fish just killed and placed on a

slide beneath the microscope, without the addition of water or any

reagent, the wrinkling of the membrane of the germinal vesicle is

very frequently observed in the larger transparent ova and in those

in which yolk is commencing to develop. It is probable enough,

therefore, that this wrinkling of the membrane is, to some extent, a

natural phenomenon occurring during life, although there can be no

doubt that in many preparations the nucleus has been further altered

and contracted by the action of the reagents.

This wrinkling of the membrane is the same condition which is

described by Scharff * as the formation of peculiar protuberances all

over the outer surface of the germinal vesicle in eggs of the gurnard.

His fig. 9 agrees closely with the appearance presented in many
of my own preparations. But he gives an extraordinary inter-

pretation of the changes taking place, which I am quite unable to

accept.

He states that the protviberances containing nucleoli are separated

off, carried towards the exterior of the egg, and there form the yolk

spherules, having the appearance of cells containing a nucleus. I

am unable to trace any direct connection between nucleoli and yolk

spherules. I have failed to find after long and careful scrutiny

the slightest evidence that the nucleoli migrate at all. It is true

that occasionally a nucleolus in a prepared section appears to be

outside the nuclear membrane, but I find this is alwaj^s due to one

or other of two causes ; either the nucleolus has been bodily pushed

out of its place by the edge of the razor which failed to cut through

it immediately, or the pouch of the wrinkled membrane has been

cut in such a manner in the section that it is separate from the

interior of the main germinal vesicle. In the latter case the

connection can be seen in the next section. In the former case the

artificial nature of the occurrence is easily proved by observing

that the direction in which the nucleolus has moved is the same as

that of other striaa in the section caused by the razor. The nucleoli

become very hard after the action of chromic acid, and it is in

preparations from tissue hardened with this reagent that such dis-

locations usually occur. The hypothesis that the nucleoli give rise

to the yolk spherules is untenable from the nature of the case, for

the spherules are very numerous, and as the egg ripens form a bulk

* Quarterly Journal Micr. Sci., vol. xxviii.
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many times greater than tlio germinal vesicle, or tlian all tlie nucleoli

put togetlier. There is no indication of a rapid formation of

nucleoli, and at the end in the egg almost ripe there are still a

number of nucleoli remaining. It is practically certain, therefore,

that the yolk spherules are formed in situ, first on the outside of

the egg and then progressively inwards.

Another point in which I am unable to agree with Scharff's

description is his account of the division of the protoplasm of the

egg into two layers. In this case again, in my opinion, he has been

misled, as many others have been in microscopical researches, by
alterations due to method of preparation and the action of reagents.

Scharff states that the ovaries from which his sections were prepared

were hardened with weak chromic or with picro-sulphuric acid, both

excellent reagents which I have largely used myself. But he states

that his jjreserved material wa.s prepared not by himself, but by

Professor Mcintosh ; and it is not certain whether the ovaries were

perfectly fresh when preserved—a very important point. My
experience is that when preparations are made from fish obtained

in the market which have been dead several hours, the preserving

liquid used being Perenyi's mixture, a division of the protoplasm

into two zones is seen. The ovary when examined fresh appears

perfectly unaltered, but after preparation produces a result different

from that obtained from an ovary taken from a fish just killed.

The outer lighter zone is frequently separated from the inner. In

all my successful preparations from ovaries preserved immediately

after the death of the fish there is no division of the protoplasm into

zones in the yolkless ova, and in the older ova the only distinction

is that between the outer layer containing yolk granules or spherules,

and the inner layer where there is no yolk. In young yolkless ova,

whether in sections from immature ovaries in which all the ova are in

this condition, or in sections from ovaries in which the majority of

ova are larger and developing yolk, the whole of the protoplasm is

deeply stained, almost as deeply as the nucleoli, while the rest of

the germinal vesicle is scarcely stained at all. In fact, the proto-

plasm of the ovum from its earliest appearance is distinguished

by its affinity for stains, which causes young ova to contrast vividly

with the connective tissue of the sections. The staining is less

after the action of chromic acid, but after corrosive sublimate or

picro-sulphuric acid it is usually intense. Yolk substance, on the

other hand, does not stain at all, and hence in older eggs the con-

trast between the unstained yolk layer and the inner protoplasmic

layer is marked. In the older eggs, however, the inner unyolked

protoplasm does not stain so intensely as the protoplasm of the

young unyolked eggs. In some preparations the protoplasm of

NEW SERIES. VOL. Ill, NO. IV. 22
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tlie iinyolked ova is mucli vacuolated ; this occurs ouly wlien some

preserving agent containing mucli nitric acid lias been used, sucli

as Perenyi's mixture or picro-nitric acid, and is due to tlie action of

the nitric acid.

Several investigators liave expressed tlie conclusion that the

vitelline nucleus is connected with the formation of the yolk,—is the

centre, in fact, at which this process takes place. This is a suggestion

which one would be glad to accept if possible, because it would afford

a satisfactory explanation of the presence of this body, otherwise so

difficult to understand. A very interesting and useful examination

of the problem from this point of view is contained in the account

given by Professor Emery of the history of the egg of Fierasfer in

his monograph on that genus published by the Zoological Station of

Naples. In many respects I find Professor Emery's observations

and views much more in agreement with my own than those of

other authors who have considered the development of the egg in

fishes. In my judgment he shows a sounder and more compre-

hensive grasp of the succession of appearances to be interpreted,

and has no inclination, like many others, to form extraordinary con-

clusions inconsistent with the general view of the nature of the egg,

and supported by scarcely any evidence.

Emery's description of the earlier history of the vitelline nucleus

agrees, to a great extent, with mine. It appears, he says, as a

small mass of granulations excentrically situated, and then becomes

larger and denser, but never acquires a definite boundary. Its

ultimate history consists in its gradual disintegration with the

formation of the vitelline spherules. The granular vitelline nucleus

assumes an irregular form, more or less stellate, and often shows in

its interior one or two small clear vacuoles. Around the nucleus

extends an obscure zone, semilunar in section, of very minute

granules, the beginning of the formation of the vitelline globules.

This zone continually extends and surrounds the whole ovum, and

as the yolk-globules get larger the vitelline nucleus becomes merely

a small clear space in the layer of formed yolk. Emery goes on to

say that it is not clear from these facts whether the yolk-globules

are formed exclusively at the expense of the vitelline nucleus, or in

part from this and in part directly from the plasma of the ovum, or

if, lastly, the vitelline nucleus is formed and disappears without its

substance contributing to the production of the yolk.

Emery, then, was not able to decide in Avhat way the vitelline

nucleus is connected with the formation of the yolk-globules, but he

states that the development of these globules commences in Fierasfer

in the immediate neighbourhood of the nucleus and extends outwards.

It should be noted that the eggs of Fierasfer are, when mature,
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transparent and pelagic like tliese I liave studied. I have been

unable to find any indication tliat tlie yolk commences first in the

neighbourhood of the vitelline nucleus. As I have already stated^ the

yolk layer is at first wholly external to the nucleus^ and there are no

yolk-globules or granules at the side of the latter. When the forma-

tion of granules begins it appears as a thin layer round the whole of

the outside of the plasm of the egg, and is not thicker near the vitelline

nucleus than elsewhere. In most ova the layer of yolk in sections is

of uniform thickness, but occasionally it is thicker on one side than

the other, and then the vitelline nucleus is not at the thickest part.

In spite of the fact that the largest yolk-globules are those of the

inner part of the yolk layer, it seems certain that the increase of

yolk takes place by the new. formation of globules added to the

layer on the inner side. Forming globules are seen at the inner

edge of the layer. After the yolk layer has so increased that its

inner border is internal to the vitelline nucleus, it is clear that the

new formation of globules can have nothing to do with that body.

The most recent published paper on the yolk nucleus is that by
Jesse W. Hubbard, of Indiana University, U.S.A."^ This investi-

gator studied the eggs of Gyniatogaster aggregatus, a viviparous fish

of the coast of California, and his conclusions closely agree with my
own. Cymatogaster belongs to the family Embiotocidge, which is

allied to the wrasses. The eggs of Cymatogaster are small, '3 mm.
in diameter, and being developed within the ovary the quantity of

yolk in them is naturally small. The preserving reagent used by
Hubbard was Flemming's strong mixture, the effects of which I

have found in my own experience to be destructive to many parts

of the egg. Like myself, Hubbard could see no trace of the yolk

nucleus in very young fish, in those under 4 cm. in length. It was

present in the ovaries of specimens over 7 cm. The smallest egg in

which the body was observed was "02 mm. in diameter, and it

appeared as a cap of stained protoplasm fitting round one side of

the nucleus.

In a slightly larger egg the yolk nucleus is separate from the

germinal vesicle, and it gradually moves away from the latter.

Hubbard concludes that the yolk nucleus originates from the

germinal vesicle not by division, but by a general extrusion

of substance. It passes to the external region of the egg, and

when the yolk is formed and the egg is ripe it is situated at the

yolk pole of the egg, opposite the blastodisc. It remains visible in

the same position in the yolk after the egg is laid, and during

segmentation until the closing of the blastopore, when it breaks

* The Yolk ^Nucleus in Cymatogaster aggregatus, Proc. Amer. Philos. Soc, vol. xxxiii,

1894.
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up and disappears. Hubbard considers tliat there is no direct

evidence in support of tlie view tbat tlie yolk nucleus is the centre

of yolk formation ; lie has seen no indication that it gives rise to

yolk. When the yolk forms it is distributed uniformly about the

centre of the egg. Perhaps Hubbard's most important result is

that the yolk nucleus passes to the opposite pole of the egg to that

occupied by the germinal vesicle^ and so defines the yolk pole, or, as

it is sometimes called, the vegetative pole, long before the germinal

vesicle has passed to the surface of the egg from the central region.

I have not yet examined the last stages of maturation of the eggs

of flat fishes. I have never detected the yolk nucleus in the eggs

of these fishes after fertilization, when, if it is to be seen at all, it

would be found in the thin layer of protoplasm which encloses the

continuous mass of yolk. In my sections of the ova of conger

nearly ripe, taken from females which have died in our tanks with

enlarged and much-developed ovaries, in which ova the yolk is fully

developed, I have not been able to detect the yolk nucleus.

The wrinkling of the membrane of the germinal vesicle already

mentioned is an indication of its degeneration. In the later

stages of maturation, as the limit of the yolk layer approaches

the germinal vesicle, the membrane gradually disappears, and the

nucleoli become scattered in the reticulum of the vesicle. At the

same time this reticulum appears to become denser, and although it

still remains unstained it has a more solid continuous appearance.

In eggs nearly ripe—for instance, in preparations from a plaice

killed in January, in which some of the eggs were becoming trans-

parent—the whole body of the ovum is crowded with large yolk

spheres, and the germinal vesicle forms an unstained round island in

the midst of these, containing a number of stained nucleoli. No
membrane, separating the nucleus from the protoplasm in which the

yolk spheres are contained, can be seen. The later changes by
which the nucleus of the egg, and especially its nucleoli, pass from

a central to an external position in the ripe egg when extruded I

have not yet studied.

The description given shows the history of the ovum in a flat-fish

from the time of its first origin in the germinal epithelium to the

stage in which it is almost ready for extrusion. The history is

probably almost exactly similar in all fishes which produce pelagic

eggs and have an annual spawning season. As I pointed out in my
previous paper, the great majority of the eggs pass through the

whole of this history in the course of a year, between one spawning

season and the next. I have made preparations from ovaries in

which spawning had just taken place, spent ovaries, with the

following results.
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In my previous paper I described the condition of the sjDent

ovary of the plaice^ as seen when microscopically examined in the

fresh condition, and expressed the conclusion that all the unripe

eggs containing yolk remaining in the ovary were destined to

degenerate and be absorbed. The chief characteristic of sections

of a spent ovary consists in the number of empty follicles seen.

These are the collapsed receptacles in which the ripe ova were
developed, and from which they have been expelled. The mode of

expulsion is constant and of some importance. The follicle bursts

at the surface of the germinal tissue, the egg therefore escaping

through a rupture of the so-called germinal epithelium. When this

takes place the wall of the follicle becomes continuous with the

external covering of the germinal tissue,—that is to say, with the

germinal epithelium and the connective tissue which supports it.

Such an empty follicle corresponds with what is called a corpus

luteum in the mammalian ovary. In the fish its walls are thick,

and contain many blood-vessels : it may be regarded as an elastic

membrane, which, having been stretched round the large ripe egg,

becomes thickened and contracted when the latter escapes. In the

cavity of the follicle are always seen the separated and broken
follicular cells, but there are indications of cells on the surface of

the interior of the follicle, so that perhaps not the whole of the

follicular epithelium perishes. The appearance of the empty follicles,

opening by an aperture at the surface of the germinal tissue, and
of their walls, continuous with the membrane at the surface, strongly

suggests the idea that a follicle is simply a pocket formed in the

germinal membrane and temporarily constricted off from it, being

restored to it again when the mature egg is expelled. But whether

the wall of the follicle becomes again a part of the germinal

membrane and begins again to produce new ova, or whether it is

gradually absorbed, is a question I am unable to answer at present.

In the larger of the young yolkless ova in the spent ovary the

vitelline nucleus is present.

I have now to describe some observations on ovaries in which

the history of the ova presents considerable differences from that

which is characteristic of flat fishes and other fishes with pelagic

ova.

Henneguy,* in a recent paper on the vitelline nucleus, states that

among all the Teleosteans whose ova he examined, those of the pipe-

fish {Syngnathus acns) gave him the most interesting facts. These

facts are described thus :—There are four stages of the develop-

ment of the vitelline body : (1) The smallest ova have no vitelline

* Le corps vitellin de Balhiani dans I'oeuf des Vertebres, Journ, de I'Anat. et de la

Physiol., No. 1, 1893.
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body
; (2) in ova more advanced tlian the youngest tlie germinal

vesicle lias a number of nucleoli round its circumference witliin the

membrane, and a granular mass in the centre ; the protoplasm of

the ovum contains a round refringent body deeply stained in

safranin, the vitelline nucleas
; (3) in ova about "06 mm. in dia-

meter the vitelline nucleus has become elliptical in shape, and at its

outer border is a larger rounded mass formed of a homogeneous sub-

stance full of granulations
; (4) the whole is transformed into a

mass of granules, such as that observed in the ova of the majority

of Teleosteans, The outer rounded body is described as formed by

a modification of part of the refringent body, by a process of dis-

integrationwhich finally invades the whole of the latter, and transforms

it into a mass of granules. Unfortunately Henneguy omits to state

what is the condition of the yolk corresponding to these stages, and

the only indication of the size of the eggs is that in stage 3 they

are "06 mm. in diameter.

My observations do not completely agree with Henneguy^s, but

before pointing out the differences I wish to say something of the

ovary. This organ in the pipe-fish is an elongated narrow cylindrical

tube. There is one on each side of the body. It has a salmon-

pink colour, due to the colour of the yolk in the eggs. The inner

lining of the tube, the germinal tissue, only projects into the cavity

of the tube in one fold or lamina, which is longitudinal. In this

lamina alone are the young eggs formed, and they are pushed away

from it as they become larger.

A long series of stages of the developing ova can thus be studied

in a single ovary, and the production of new ova seems to go on

nearly all the year round,—at least, I have not yet seen evidence of

a limited spawning season, and specimens with ripe ova or just spent

have been opened by me from June to October. I believe that

several batches of ova are produced in one season in succession.

The number of ova produced is small, and, as is well known, they

are received by the male into a skin pouch, and there hatched.

It is not difficult to open the ovary and examine the proliferating

lamina on a slide. In the fresh state the young yolkless ova are

not very transparent, and it is impossible to make out any other

structure than the germinal vesicle. But on the addition of dilute

acetic acid the protoplasm of the eggs begins to coagulate, and in

it there appears in most cases (Fig. 2) a single oval body, which

in the smaller ova is in contact with the membrane of the germinal

vesicle, in the larger is between it and the exterior of the egg.

This body is of considerable size, both it and the nucleoli in the

germinal vesicle being relatively larger than in the egg of the flat-

fish. Another peculiarity of this vitelline body is that it has a most
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distinct and definite outline, and a refringent homogeneous interior.
Occasionally a few granulations appear in its centre. The body is

not much unlike a nucleolus, but the nucleoli, under the action of
acetic acid, show internal vesicles and the vitelline body does not

;

the latter has also a pale yellowish colour, while the nucleoli are
colourless.

Fia. 2. Fig. 3.

Fig. 2.—Egg in the germinal ridge of Syngnathus acus examined fresh with addition
of 1 per cent, acetic acid. Shows the vitelline body close to the germinal vesicle.

Fig. 3.—Another egg in the same preparation, showing two vitelline bodies on
opposite sides of the germinal vesicle.

The most remarkable fact about the vitelline nucleus in the ova
of the pipe-fish is that there are often more than one of them in a
single egg, frequently two, and I have seen as many as four. In
the latter case the four were in a cluster, as though produced by
the division of oiie, but when there are two they may be both
on one side of the germinal vesicle, or one on one side and one
on the other (Fig. 3). Henneguy examined the ovary of the

pipe-fish apparently only in sections, and would not be so likely

in that case to recognise the presence of two vitelline bodies in

one ovum. The bodies can be well seen and studied in prepara-

tions of portions of the germinal lamella mounted whole. My
best preparation of this kind was fixed in a mixture of chromic
osmic, and acetic acid, and stained with htematoxylin. The presence of

two vitelline bodies in some ova in this preparation is easily con-

firmed. It should be noted that when two are present they are

smaller in size than when there is only one. The structure certainly

persists unchanged in ova in which yolk has begun to form. I

have been able to distinguish it clearly in such ova of a diameter
up to '29 mm., and in these it is unchanged, showing no signs of

the conversion into a granular mass which Henneguy describes as

commenced in ova only '06 mm. in diameter. The vitelline nucleus

is entirely unstained and homogeneous, and has an appearance very
different from that of the nucleoli, which are somewhat shrunken,
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and are stained. In ova larger than '3 mm. I am nnable to dis-

tinguish the vitelline nucleus in the yolk. The latter forms in the

eggs of Syngnathus in a manner different from that described in

the plaice. It does not form a definite external layer gradually

thickening towards the centre of the ovum^ but appears uniformly

throughout the protoplasm in small; not very distinct or refringent

granules, which increase in number and size. In the larger ova

the yolk appears as large rounded spheres in the meshes of a proto-

plasmic network.

To turn now to the examination of these ova by means of sections.

I have found it very difficult to preserve the ova satisfactorily for

cutting. The vitelline nucleus is usually preserved, but either the

germinal vesicle or the protoplasm or both are more or less destroyed

by the preserving reagents. I have found in this case, as with the

ovaries of flat fishes, that the much-vaunted mixtures of Flemming

—

namely, chromic, osmic, and acetic—are not satisfactory, and that the

fault lies in the acetic acid, which causes shrinking of the nucleus and

destruction of its delicate reticulum. Chromic and osmic alone, when
the chromic is not too strong, have a good eifect, but have the dis-

advantages of contracting the nucleoli, preventing staining, and

making the yolk hard and brittle. Corrosive sublimate, either alone

or with acetic acid, produces quite disappointing results on the ovaries

of pipe-fishes.

In none of my sections have I seen the modifications of the

vitelline nucleus described by Henneguy, although I have used

the preserving reagents and stains which he employed, namely,

Flemming's mixture and safranin or hpematoxylin. I have also

used the triple stain safranin, gentian violet, and orange Gr.

After some modes of treatment the vitelline nucleus is stained, but

never granular. The largest egg in which I have seen the body

is "36 mm. in diameter, and in this it is as definite in outline and as

simple in structure as in the small unyolked ova. I have seen no

indication of modifications tending to the breaking up or disappear-

ance of the nucleus ; in the larger eggs I can find no trace of it.

As to its earlier history, it is seen in eggs '06 mm. in diameter in

direct contact with the exterior of the germinal vesicle. In one egg

there are two of these bodies at different parts of the membrane of

the vesicle, one smaller than the other. In smaller eggs I have

seen no trace of it. These smaller eggs form a cluster or nest at

the very apex of the germinal lamella. As to their origin, I have

not been able to get sections which show them as perfectly as I

should wish, but I have seen primordial ova in the epithelium cover-

ing the apex of the lamella, and that is the source from which they

all spring.
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III. A Piebald Plaice.

In tlie memoir by Dr. MacMunn and myself on tlie CoJoration of

Fishes (Phil. Trans., 1894) specimens of flat fishes are described in

vvliich some portion of tlie upper side is abnormally destitute of

pigment. Thus abnormalities consisting in the pigmentation of

part or whole of the lower side are balanced by abnormalities con-

sisting in the absence of pigment from areas on the upper side. I

have recently received a living specimen of the plaice exhibiting

the latter kind of abnormality. It was caught in the Hamoaze,
and brought to the Laboratory on October 3rd. It is still living in

one of the tanks. The anterior third and the caudal third of the

upper or right side in this specimen are pigmented as in a normal

plaice, the red spots having the usual appearance and position ; but

the middle third is white like the whole of the lower side. The
white unpigmented area is bounded by two definite irregular lines,

the anterior passing transversely across the body just behind the

pectoral fin, the other in the posterior region of the body. There

is an isolated round patch of normal pigment within the white area

dorsally.

Mr. Holt, in the previous number of this Journal (p. 188, et seq.),

gives reasons why my rejection of atavism as an explanation of the

abnormal coloration of the lower side cannot be held to be valid.

But I can see no reason why the principle which explains the

occurrence of pigment on the lower side should not also explain its

occasional absence on the upper. If it is atavism in the one case it

is atavism in the other, and the occurrence of piebald plaice, or flat

fishes white on both sides, is as good an indication that this family

of fishes is descended from ancestors that were unpigmented on

both sides, as the occasional presence of pigment on the lower side

that they are descended from ancestors coloured on both sides.

Thus it is obvious that atavism fails to explain both kinds of

abnormality, whereas the explanation adopted by Mr. Bateson and

myself applies equally well to either case. That explanation is

that in certain cases one side, instead of developing' normally,

partially or completely imitates the other. It does not require

much consideration to see that Mr. Holt's reference to what he

terms ambi-ciliation, tends to support my views, and not his

own. For it is diflicult to connect the varying conditions of the

dermal armature in different kinds of flat fishes with an original

ancestral condition. If the ciliated scales of the brill are ancestral,

then the tubercles of the turbot are new, and vice versa ; but when
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tlie lower side is pigmented, it is also provided witli scales or

tubercles like tlie upper, thus proving tliat the lower side has in

the abnormal specimen formed itself after the pattern of the upper

side, and not after the pattern of a remote ancestor. It has never

been maintained, as Mr. Holt suggests, that this unusual develop-

ment of dermal armature on pigmented lower sides has anything to

do with the action of light ; on the contrary, I have always main-

tained that abnormalities of coloration occurring in nature are

independent of the action of light on the individual.

The subject is too complicated to be discussed at any length here,

belonging as it does to the intricate problems of ontogeny. But

one interesting consideration may be mentioned. In a piebald plaice,

such as the specimen here recorded, the unpigmented area is exposed

to light as much as the rest of the upper side, and yet it remains

unpigmented. How then, it may be asked, can it be maintained that

pigment is developed on the lower side of a normal specimen by

exposing that side to the light ? Some may be inclined to believe

that the two things are incompatible, and that therefore the pig-

ment which appeared in my experiments is due to some factor other

than the action of light. But it seems to me that, as far as the

experiments are concerned, all other factors were excluded ; and the

explanation in the other case seems to be as follows :—I have

said that the white area on the upper side is an imitation of the

lower side, and I think that there is probably some peculiar con-

nection between this area and the lower side, so that it may be

regarded, in a sense, as an extension of, and continuation of, the

skin of the lower side. Therefore, so long as the lower side remains

white, this area of the upper side will also remain white. Possibly,

if the lower side became pigmented, this white area on the upper

side would also become pigmented, and it would be a curious ex-

periment to expose the lower side to the light, and see if both it and

the white area on the upper side would develop pigment.

IV. Growth and Distetbution or Young Food-fishes.

In April, 1893, I had the pleasure of undertaking some experi-

ments with young flounders for the late Dr. Romanes. I procured

the specimens as usual from Mr. Dunn, of Mevagissey. They were
the young of the year in process of metamorphosis, and among
them I received five young soles a little more advanced in develop-

ment. I placed these five soles in one of the table tanks in the

Laboratory, a tank 5 feet long, 2| feet wide, 1^ feet deep. When
received these soles were about 1*5 cm. long, or nearly ^ inch.
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During the following summer a number of young fisli of different

kinds were put into the same tank, and they have been fed and

watched with some care ever since. The following is an account of

their growth and history.

In June a few young turbot and brill in the pelagic transforma-

tion stage were put into the tank.

On July 5th a plaice 6*9 cm. (2|- inches) was put in ; it was taken

in Cawsand Bay.

On July 21st a turbot 3*5 inches long was put in, taken at

the surface in the Sound.

On July 28th I put in six plaice, 6*5 to 8"5 cm. (2^ to 3f inches).

These plaice were judged to be of the brood of the year, i. e. hatched

the preceding January, February, or March.

On September 2nd I took out one of the soles which was dead
;

it was 9'6 cm. long, or 3|- inches, and must have been not much
more or less than six months old.

On October 19th I emptied the tank and measured all the fish

in it. The inventory was as follows :

7 plaice: 7 cm. (2f inches), 12'3 cm., 12'8 cm., 13'0 cm.,
14'1 cm., 14'4 cm., 14'8 cm. (5| inches). 1 sole, 9*9 cm. long,

8 brill : 8'0 cm., 8*5 cm., and 10"4 cm. 3 turbot : 6"5 cm., 9*5 cm.,

9-9 cm.

There were also three pollack, about 12"3 cm. long, one red

mullet and one bream, all young fish of the year.

On April 4th, 1894, several of the fish died, in consequence of a

temporary stoppage of the circulation. They were 1 turbot, 10"8

cm. long (4^ inches.) ; 1 brill, ITS cm. long (4^ inches) ; 1 plaice,

16"7 cm. long (6f inches).

I have not been able to give sufficient attention to this tank

during the past summer to record the size of each specimen that

died in it. I examined all the fish in it on December 31st, 1894,

and found only the following remaining:— 1 sole 14" 7 cm. long

(5| inches) ; 1 plaice 21 cm. long (8^ inches) ; 1 plaice 18*5 cm.

long (7J inches).

This experiment is obviously a very small contribution to the

study of the growth of fishes. Plaice, sole, turbot, and brill evidently

do not bear confinement so well as flounders, and it would be better

to have a larger number of specimens in a larger tank. Neverthe-

less the results show observed sizes at known ages, and there can

be no doubt that some fish in the sea grow no faster or slower than

those. It is shown that a sole may reach from 3| to 4 inches when
six months old, and may not exceed 5f inches when about twenty

months old. It is clear, therefore, that soles not differing much from

4 inches in length in spring are probably a year old. This year I
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liad an opportunity of examining a large number of soles of about

this size.

In the course of some work on wbicli I was engaged for the

Essex Technical Instruction Committee I made as careful a study

as possible in May and June, 1894, of the fish and marine fauna of

the estuary of the Colne and the neighbouring sea channel called

the Wallett. On June 8th I went out for a trip in one of the

shrimping smacks belonging to Brightlingsea. The boat was 35 to

40 feet long, cutter-rigged and very low in the water. She carried

a shrimp trawl of 25 feet beam, with a mesh at the cod end of about

^ inch square. We ran down the Colne with a fair breeze and shot the

trawl just beyond the bar, towing eastward, and afterwards took

two other hauls further eastward and further from the shore, the last

being finished when we were a little to the east of Clacton.

In each haul there were a large number of interesting things

besides the shrimps which were the object of the fishing. The red

shrimp {Pandaliis annuUcornis) was most abundant, but there were

some brown {Crangon vulgaris) also. The ground at the second

haul was hard cultch ; the dredge put over for a few minutes brought

up only empty oyster-shells. The depth was 2 to 5 fathoms at low

water.

A few fair-sized fish were caught, but none mature. They were

plaice, small soles, and dabs. A great number of very small fish

were caught. The smallest were dabs and plaice, the latter from

2 to 6 inches long. The most noticeable feature was the very large

number of lemon soles 4 or 5 inches long, and doubtless a year old

;

hundreds of these were culled out from the first haul, and they were

almost as numerous in the second and third. Soles of the same

range of size, 3 to 5 inches, were also very abundant, but not quite

so numerous as the lemon soles. I have never met with so large a

collection of yearling soles and lemon soles. I was unable to give

my attention to a thorough investigation of this ground to find out

what the fish were feeding on, and what their prey was feeding on,

—

in fact, to obtain an explanation of the abundant life in this channel.

I opened a young dab 4 inches long, and found it contained a small

Amphipod, probably Gammarus. I found a Gadus luscus had its

stomach distended with the red shrimp Pandalus.

V. Notes on Rare ou Interesting Specimens.

During last August mackerel were unusually plentiful in Plymouth

Sound, and several large hauls of them were made by means of

seines close to the shore below the Laboratory, in the little cove
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known as Tinside. The Laboratory fisherman^ watcliing tlie liauling

of a seine in Barnpool, saw eiglit sliad caught with the mackerel,

and these, together with some of the ^^ britt " which escaped from

the net, he secured and brought to the Laboratory. I made a careful

examination of these fish, and found that they belonged to the

species Clupea alosa, having the slender numerous gill-rakers of that

species. But in most of the specimens there was a row of dark

spots on the side behind the shoulder-spot. Such spots are constant

in the other species, C. finta, but, according to Day, have been

recorded especially in the young of G. alosa. My notes on the

specimens are as follows :

(1) Male : 14^ inches long ; single row of nine rather large spots.

Grill-rakers in first arch about 107, seventy on the horizontal portion.

(2) Male: length 13| inches; gill-rakers on horizontal portion

of first arch, seventy. Nine spots on side in single row.

(3) Male : 13j inches ; spots in single row, not very distinct

;

counted six behind the shoulder-spot.

(4) Female : 13^ inches ; double row of spots on each side, counted

twenty-one altogether ; spots of one row opposite spaces of the

other.

(5) Female : a double row of spots ; nine in the upper row, two

in lower.

(6) Female : counted seven spots.

(7) Female : five spots.

(8) Female : no spots.

In some cases the spots were symmetrical on the two sides, but

in others they were scarcely to be distinguished on one side of the

body, although well marked on the other.

In the stomach of one specimen were three half-digested britt,

doubtless from the shoals, some of which were taken by the seine

and brought up with the shad. These were young sprats, and it

was for the sake of feeding on these that both the shad and mackerel

were in the Sound.

The weight of the largest shad was 1 lb. 1| oz. ; of the smallest,

9^ oz. As far as I could judge the specimens had previously

spawned : the breeding season is stated to be May and June, and it

probably spawns in the Tamar.

On September 8th four more specimens of the same species were

brought up, taken in a seine on the west side of the Hamoaze.

Auxis Rochei, Griinther.—A specimen of this species was obtained

on August 13, having been taken with mackerel in a seine at

Mount Batten. It was 16 inches long, sex female. The stomach

was empty, the ovaries small. Under the microscope the eggs

were found to be small, transparent, and yolkless
;
probably the fish
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had recently spawned. Specimens are stated by Day to have been

taken occasionally on the east coast and the south coast of Britain, but

not very frequently. He mentions the record of one taken at Looe

in 1843, of two in Mount's Bay in 1844, and of one at a later date

at Mevagissey by Mr. Dunn. This fish resembles the mackerel in

many respects, the chief difference being that the scales are confined

to a distinctly limited region behind the head, forming what is called

a '^ corselet."

Orcynus thynnus, Liitken, Thynnus thynnus, Giinther.—A specimen

of the common tunny 3 feet long was brought to the Laboratory on

September 19tli. It was caught in mackerel drift-nets some miles

from Plymouth Sound, only 18 mackerel being caught in the same

haul. It was 3 feet long, and female. The ovaries were small, in an

inactive condition, spawning having probably recently occurred.

The eggs were very young. Dr. Bassett Smith examined the

specimen for parasites, and found Brachilla thynni behind the

pectoral fins, and a large number of Trematodes on the gills. The
capture of a specimen of this species is not an unusual occurrence

oif the south-west coast in summer and autumn.

Myliobatis aquila, Cuvier.—A single specimen of this species

was brought to the Laboratory on November 1st, probably taken by
a trawler, but the exact locality of its capture was not ascertained.

It measured 62*5 cm. (2 feet 1 inch) across the pectorals, 40 cm.

(1 foot 4 inches) from the snout to the end of the conjoined pelvic

fins, and 65"5 cm. (2 feet 2 inches) was the length of the tail.

I examined the viscera. The left lobe of the liver was of great

size and thickness, and covered the whole abdominal cavity ventrally,

the right lobe was much smaller, and dorsal to the left. The
stomach, intestine, spleen, and pancreas were as in other Elasmo-

branchs. The contents of the stomach were much digested, but

showed remains of molluscs : an operculate foot, apparently of

Buccinum, a proboscis of the same, and some pieces of Pecten shell

were recognised. The absence of claspers indicated that the

specimen was female. The ovaries were smooth, extending nearly

the whole length of the body cavity, broad and flat, and joined at

their bases across the middle line. The eggs in process of matura-

tion were visible, the specimen being apparently immature. The
anterior ends of the oviducts with their openings were very distinct

along the sides of the root of the liver just behind the pericardium,

but the rest of the tubes were concealed beneath the pericardium.

The posterior ends were dilated, and lay over the large kidney

(metanephros) . There was no distinct egg-shell gland. The
species and the other members of the family are generally stated

to be viviparous, and Couch's account of the purse which he
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attributed to Myliohatis is too vague and defective to be regarded

as important evidence. Members of the allied family Trygonidae

bave been recently shown not only to be viviparous, but to nourish

their young in the uterus by means of long glandular papillae of the

wall of the uterus, which pass through the spiracles into the

stomach of the foetus.

In my specimen of Myliobatis the abdominal pores were distinct

and open behind the aperture of the cloaca.



278

The Larva of the Eel.
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J. T. Cuiiniiig^liaiii, M.A.

Le Leptocefalide e la loro trasformazione in Murenide. Nota preliminare del Corr. G.
B. Grassi e del dott S. Calandruccio. Atti d. R. Accad. d. Lincei, Ser. v, vol. i.

Soluzione di uu enigma autichissimo ossia. Scoperta della metamorfosi dell' anguilla.

Grassi e Calandruccio. Neptunia, 15—30 Sett., 1894.

From tlie time of Aristotle many naturalists have desired, and

a large number have attempted, to discover something about the

breeding and development of the common eel, but until the present

time it has remained a baffling mystery. At last the mystery is to

a great extent penetrated; the larva of the eel has been discovered,

and turns out to be a creature which was known before. Until the

present year absolutely nothing was known of the history of the eel

between the disappearance of the parents in the sea in autumn,

and the appearance of the young transparent elvers in early spring.

Professor Grassi and Dr. Calandruccio have now discovered that

one of the larval forms called Leptocephali is the larva of the

common eel. This form was described and distinguished as

Leptocephalus brevirostris, but it was not suspected that it belonged

to the eel.

In my paper on the Rej^roduction and Development of the

Conger, in No. 1, vol. ii, of this Journal, 1891, I gave some
account of what was known at that time concerning the habits and
history of the Leptocephali. I mentioned there that only one kind

of Leptocephalus was known on the British coasts, namely, L. Morrisii,

and that the transformation of a specimen of that kind into the

conger had been observed at Roscoff, by M. Yves Delage. Lepto-

cephali are most frequently captured at Messina, and it was
largely from specimens obtained there that a number of different

kinds were defined and described. In 1856 the Catalogue

of Apodal Fish, drawn up by Professor Kaup, of Darmstadt,

was published by the trustees of the Bi'itish Museum. Its

object was to give a description of all the genera and species of

apodal fish, i. e. fish destitute of pelvic fins, existing in the

various English and Continental collections. In this work the family

Leptocephalid^e was defined as comprising small, compressed,
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transparent fisli, entirely devoid of scales, and having a very im-

perfect cartilaginous skeleton. Tlie forms were distinguished into

four genera,—Esunculus, Hyoprorns, Tilurus, and Leptocephalus. It

must be remembered that in this work of Kaup's, as in much work of a

similar kind, the method is purely empirical; specimens are described

simply as they appear, and different forms are called different

species without any consideration of the relations they may bear to

each other, without regard to such questions as : are the specimens

adult or larval ? or : may not many of the different forms be the same
animal at different ages or in different sexes ? But even from the

empirical descriptive point of view the inclusion of Esunculus in the

LeptocephalidjB, or even among the apodal fishes at all, was a mis-

take, for it has distinct pelvic fins, and Kaup gives the number of

fin-rays in these as five. It has short dorsal and ventral fins, nearly

opposite to each other, and a forked caudal fin. It is obviously the

larva of some fish belonging to a family other than the Murcenidse.

It resembles somewhat a young Clupeoid, but not very closely ; the

head is smaller, the dorsal fin farther behind the pelvic. There

were a large number of specimens of this form in the Paris

Museum, but the place of their capture is not recorded.

Hyoprorus is a genus of which only one species was known,

H. Messinensis, discovered by Gegenbaur at Messina, originally de-

scribed by Kolliker. Kaup describes a single specimen, obtained

like the others from Messina. The specimen was 4'96 inches long,

and had a murasnoid continuous median fin extending round

the body posteriorly, the extremity of the tail being pointed.

The peculiarity of the genus is the sudden broadening of the body

in the vertical plane immediately behind the head. The jaws are

elongated and straight, with mere traces of teeth. Mr. Gill in his

paper on the relations of the Leptocephalids in 1864 expressed the

conclusion that Hyoprorus was the young stage of Nettastoma

melanurum, a Mediterranean species of marine eel with a long and de-

pressed snout, no pectoral fins, open gill apertures, and a tail twice

as long as the body, tapering to a point. Dr. Griinther in 1870 ex-

pressed his entire concurrence with this view.

Tilurus, of which two species were described by Kaup, is a much-

elongated transparent compressed fish, also found at Messina. One

specimen was 12*21 inches in length. The anus is situated near the

end of the attenuated tail, which is as thin as a hair and coiled at

its extremity. Dr. Giinther was unable to refer Tilurus to any known
fish, and thinks it does not belong to the Murfenidte.

Of Leptocephalus Kaup distinguished the following species :

Morrisii.—A blunt head, scarcely visible teeth ; lateral line, belly,

NEW SERIES.—VOL. Ill, NO. IV. 23
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and anal fin dotted witli black points ; tail pointed
;
greatest

height one ninth of the total length.

S'palaiizani.—Blunt head, almost imperceptible teeth ; body nar-

rower in proportion to length.

piinctatus.—A round vermiform body
;
points along the lateral line,

oblique pairs of dots along the edge of the belly ; anus before

the middle of the body, and a row of indistinct points on the

anal fin. Specimen came from Messina.

cUaphauus.—Anus nearly in the middle of the total length, dorsal

fin commencing somewhat before the anus ; 4*37 inches long.

Also from Messina.

Kollikeri.—A blunt caudal fin with distinct rather hmg rays; body

not higher vertically than the head. Also from Messina.

Gegenhauri.—Has a similar tail, but the height of the body is

greater. Also from Messina,

Bihroni.—Similar to the last, but anus behind the middle of the

body. From Messina.

Yarrellii.—Similar, but anus still further back. From Messina.

stenops.—Stout teeth and large eyes closely approximated to one

another. Probably from Messina.

loiigiroatris.-—Has long jaws and distinct teeth, and the body

broadening suddenly in the vertical plane behind the head.

From Messina.

tsenia.—A round head, large projecting globular eyes, short snout,

much-elongated broad body. Specimens from India and the

Maldives.

brevirostris.—No dots ; fourteen teeth in each jaw ; small slender

tail sustained by visible rays ; eyes black ; total length 3" 15

inches. Locality Messina.

He also distinguished acuticaudatiLS,Dussmnieri,dentex,marginatus,

lineo-punctatus, and capensis. In a later paper, published in 1860,

Kaup identified L. Spalanzani, Eisso, with Morrisii, and described

two other species of Leptocephalus under the names Haeckeli and

Kefersteini.

Kefersteini.—Seven roundish spots composed of points along the

intestine; anus a little behind the middle of the body; head

extremely small, with very fine teeth. From Messina.

Haeckeli.—Head small and pointed,tail only one eighth the length of

the body. Resembles brevirostris, but the snout is longer, the

body not so high, and the tail less pointed. From Messina.

In my former paper I referred to the remarks concerning

Leptocephalidse contained in Dr. Giinther's Catalogue, vol. viii,

p. 138. It is there suggested that Myrus, Ophichthys, and perhaps

also Mureena have their Leptocephaline forms. Pointing out that
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the question wlietlier the Leptocephali were normal or abnormal

larvae could only be decided by investigation of living specimens,

Dr. Giinther abandons the practice of distinguishing different species

among them, and merely groups together the known forms which

appear to have a common origin, or which by their general similarity

appear to be closely connected together. Thus he groups together

L. Morrisii, diajphanus, Bihroni, Gegenhauri, Kollikeri, and 2)unctatuf^

.

We shall see that in recognising pimctatus as the more developed

stage of Morrisii, Giinther is proved by the researches of Grassi and
Calandruccio to have been right, while many of the other forms

grouped with Morrisii by Giinther turn out to be the larvae of adult

forms closely allied to the conger.

It is a curious fact that Leptocephali which are rarely observed

or captured in other places are not uncommon at Messina. Com-
menting on this fact in 1883, Bellotti, an Italian naturalist, main-

tained that it gave support to the view that these creatures were

not normal larvse, but abnormal overgrown individuals whose proper

development had been arrested by exceptional conditions. This

investigator had only been able to capture a few rare specimens at

Genoa, Nice, and Naples, and none at all at Palermo, Catania, or

Siracusa, which are near Messina. He surmised that the impetuous

currents and the numerous whirlpools of the narrow Straits of

Messina were the exceptional conditions which caused the larva? of

congers, &c., to pass through an abnormal course of development.

Until the normal development was known, arguments of this kind,

as I have remarked in my previous paper, were of little im-

portance.

Signore Grassi is an Italian naturalist who lives at Catania. He
is one of those who devote themselves chiefly to the application of

rigid scientific method to investigation in the department which

used to be called natural history, and which it has been proposed

to distinguish by the term bionomics. He has made himself famous

recently by his marvellous discoveries concerning the life histories

of the termites or white ants. In 1892 he published a brief

account of some researches which he and Dr. Calandruccio had
made on the Leptocephali. For five years they had noticed that these

forms were common enough at Catania, being captured at all times

of the year and sometimes in abundance. They were most plentiful

in the harbour, and were caught by the nets called tartarene and

sciabica, nets which are dragged over a sandy or muddy bottom.

In these authors' opinion this abundance of Leptocephali at Catania

is peculiar to the period mentioned, and to be attributed to the

volcanic eruptions which have sent much lava into the sea, and so

compelled certain Mura3nida3 to leave their usual haunts among the
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rocks or at great depths and seek shallower water. It is obvious

that this suggestion has no great air of probability.

The careful experimental investigation of the Leptocephali was

carried on by these naturalists in the year 1891—2^ and the follow-

ing were the results. In the development of the conger {Conger

vulgaris) three stages can be distinguished :—Firsts a tgenioid form

resembling L. Morrisii, except that the dots on the lateral line are

limited to the posterior extremity of the body ; second^ L. Morrisii

itself ; and third, the form which had been previously distinguished as

L. jJunctatus : from this the perfect conger is directly developed.

The first tgenioid form has long and fine larval teeth ; these are

wanting in Morrisii, in which the permanent teeth begin to develop

in a position internal to that of the larval.

During the metamorphosis there takes place a gradual reabsorp-

tion of the gelatinous skeleton, much pigment develops, the anus

passes into a more anterior position, and so much diminution in size

takes place that from larvae 12| cm. long (5 inches) are obtained con-

gers only 7| cm. (3 inches) . During the transformation, which may not

take more than a month, the Leptocephali take no food or only

minute particles. The transformation may be followed without any

difficulty in specimens kept in any aquarium, or even in tubs ; the

authors observed it in 150 individuals. This is surely a sufficient

confirmation of the isolated observation of Delage. All the various

stages observed in captive specimens were also seen in specimens

taken from the sea. In the aquaria the larvae hid away in groups,

threaded through the crevices under stones, the eggs of Aplysia,

&c.; they also sought the darkest corners of the aquaria and avoided

the light.

L. diaj)]ianiis of Kaup was found to develop into Gongromursena

halearica. This is a Mediterranean species of Congromuraena,

a genus very similar to Conger, but distinguished by the presence of

large muciferous cavities in the front part of the skull, and the

dorsal fin commencing at a more anterior point, namely, nearly above

the gill opening. L. Kolliheri proved to be the larva of Congro-

muraena mystas, the only other Mediterranean species of the genus

;

and L. Haeckeli, Yarrellii, Bihroni, Gegenhauri, and probably

hrevirostris were found to be merely different stages in the de-

velopment of the same form. The investigators have now come to a

different conclusion concerning hrevirostris, but with regard to the

others reference to Kaup's original descriptions and figures shows

that they resemble one another in the truncated, rather broad form of

the tail and its distinct rays. In the course of development it

appears that the post-anal or caudal portion of the body continually

grows longer in proportion to the pre-anal or anterior portion. It
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tlius appears tliat tlie Leptoceplialino forms grouped witli Morrisii by

Glhitlier are larval stages of Conger and Congromuraena, and his view

of their close connection is shown to have been remarkably sound,

L. Kefersteini was found to be a somewhat rare form at Catania,

but it was easily kept alive in aquaria, where it buried itself in the

sand at the bottom and changed into Ophichthys serpens. Ophichthys

is distinguished chiefly by having the extremity of the tail free, not

surrounded by the median fin, and a pointed snout projecting beyond

the lower jaw. L. stenojjs was found to be the larva of Myrns

vulgaris, whose characters are—nostrils on or close to the margin of

the upper lip, caudal rays very short, tail twice as long as the trunk,

white lines across the occiput, and white pores on the face and lateral

line. L. lungirostris was similarly connected with Mureena, which

has narrow gill openings, and a body suddenly becoming very thick

just behind the head. This character is markedly exhibited by

the larva. L. tmnia is probably the larva of Sphagebranchus, which

is alKed to Ophichthys (united with it by Giinther), but has the

gill openings convergent on the ventral surface of the head.

The same naturalists, pursuing their researches on the Lepto-

cephali, have now satisfied themselves that the species L. hrevirostris

is the larva of the common eel. They have not, it is true, been

able to follow the entire transformation on one and the same speci-

men, but they have verified the most important changes in several

individuals, and have compared all the organs in these stages and

in the perfect form, and have traced a gradual transition from the

structure and characters of hrevirostris to the fresh-water eel.

L. hrevirostris (Fig. 1) is a comparatively small Leptocephalid,

Fig. 1.

—

LeptocepMlus hrevirostris, after fig. 15, pi. xvili, of Kaup's Catalogiie of

Apodal Fish in the British Museum, 1856.

scarcely reaching the maximum length of 8 cm. (3^ inches), with

a maximum vertical height of 1 cm. The reduction in length

during the metamorphosis may be somewhat more or somewhat less

in -different individuals, but never exceeds 3 cm. ; that is to say, a

fully transformed young eel, which is still very transparent, may be

as short as 5 cm. (2 inches), but not less, and it is very slender.

L. hrevirostris has not hitherto been found anywhere else except

in the Straits of Messina. Is it possible, ask the Sicilian naturalists,

that eels undergo a metamorphosis only in that place, and elsewhere

have a different history ? The hypothesis is exceedingly improbable.

They have made investigations, and convinced themselves that nowhere
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can young eels be obtained wbicli are less than 5 cm. long. Contrary

assertions are to be found in literature. It has been asserted that there

are eels only 2 or 3 cm. long, or even as small as 7 mm. (about f inch),

but critical examination shows that no such statements rest on direct

observation. The Leptocephali hrevirostres, which are the larvee of

the eel, have hitherto escaped observation in other places on account

of their habit of hiding themselves in the bottom of the sea.

The authors add some curious remarks concerning the history

of the knowledge of the subject. They tell us that it is a fact that

the fishermen of Augusta know by tradition the metamorphosis of

the Muraenidae, by which we presume is meant that they have a

tradition that Leptocephali are the immature or larval forms of

congers and eels. It is also a fact that at Catania the Leptocephali are

commonly called Morenelle, or little Mursenge. It is to be inferred

that from time to time some observant fishermen have noticed simi-

larities or transition stages which led them to express this conclusion

among their fellows.

Aristotle states, in his History of Animals, that eels have no sexes,

nor eggs, nor semen, and that they arise from -y^g zvTtpa, the

entrails of the earth. By this expression some have understood

earthworms, others have maintained that the Greeks applied it to

all sorts of creeping, limbless creatures living in soil or mud, and

believed that these were spontaneously generated. At Palermo the

Leptocephali are called lomhrici or vermicelli di v}are, and Grassi

and his colleague suggest that perhaps the belief that these lombrici

gave rise to Muraenids reached Aristotle in some form or other, and

so caused him to write that eels arose from the entrails of the

earth. The authors remark that if these suggestions are accepted we
may well exclaim, '' Nothing new under the sun." But probably most

people will agree that, interesting as the traditional knowledge of

the fishermen may be, as far as science in the present time is con-

cerned, the knowledge of the transformation of the eel and other

Murasnidte is due to the patient and fruitful investigations of Grassi

and Calandruccio.

Considering that eels are so common, it will be a matter of much
interest to make renewed attempts to discover their larva3 and those of

the conger at Plymouth, and at other places outside the Mediter-

ranean. The subject suggests two interesting questions : firstly, are

Leptocephali pelagic or not, or are some pelagic and some not ?

secondly, are the eggs of the Murasnida) pelagic, or some pelagic

and some not, as in other families of fishes ? It appears from the

account given by Grassi and Calandruccio that the Leptocephali at

Catania are captured on the bottom, and we have just seen that

these authors conclude that the larva of the eel has escaped capture
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in other places from its liabit of hiding or burrowing in the sea

bottom. In captivity the larva of the conger was found to hide
at the bottom and avoid the light. L. Kefersteini, the larva of

Ophichthys serpens, lived in the aquarium buried in the sand ; and
the larva of Gongromursena halearica also burrowed into the sand,

although, singularly enough, it could only be kept alive on a naked
marble bottom. We are not told whether these larvae came out at

night and swam about freely. That the larvae of the conger and
common eel are not constantly pelagic at night seems proved by the

fact that they have never been taken in abundance in nocturnal

tow-netting expeditions. I conclude, therefore, that these Lepto-
cephali, and all those known from the Mediterranean, are not truly

pelagic, but live on or in the sea bottom, and that the reason they

are found in the open water or at the surface at Messina is that

there the strong tidal currents and eddies stir up the bottom and
carry their light bodies about as scraps of paper are lifted and borne

along by the wind. Reference to my previous paper, and the records

which are there cited, will show that in two cases L. Morrlsii has

been taken in a hand-net near the su.rface of the water, but in other

cases it was taken from the bottom,—^for instance, in the process of

fishing for prawns. There can be little doubt that the larv^ of the

conger and of the eel exist around our coasts in great abundance,

under stones or buried in sand or gravel, and that we do not catch

them because we do not know the right way to go about it.

But, on the other hand, we find constantly in narratives of oceanic

zoological researches that Leptocephali were taken in abundance in

ordinary tow-nets worked near the surface. This, it is to be

remarked, occurs always in the tropics. For instance Giglioli and
Issel, in their volume Pelagos, published in 1884, state that twice

only during the vovage of the " Magenta ^' they found specimens of

Leptocephalus in the pelagic net, once in sight of Java, once in the

South Pacific.

In the " Challenger '^ narrative the occurrence of pelagic Lepto-

cephali is only mentioned twice, once in the account of pelagic

animals observed between Fernando Noronha and Bahia, off the

coast of Brazil, 5 to 15 south latitude, the second time amonar

those captured on the voyage from the New Hebrides to New York,

in about the same latitude to the eastward of Australia in the Pacific.

In the former case the Leptocephali were accompanied by the Pleuro-

nectid larva of Ehomboidichthys, the larva originally known as

Plagusia, characterised by the peculiarity that the lower eye reaches

the upper surface by passing through the base of the dorsal fin. Dr.

Giinther gives the following account of the Leptocephali in his

Heport on the Pelagic Fishes of the " Challenger." He says that
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singularly few specimens were collected during tlie expedition^ and

these throw no new light on the question of origin. Six specimens

obtained in mid-Atlantic belong to the form which has received

the name pellucidus and other names. These other names are those

associated by Grassi with Congromursena mystax. One specimen

obtained on the west coast of Africa at the surface belonged to the

form L. Morrisii. Another, from a station near the Admiralty

Islands, belonged to the form L. taenia. Lastly, a specimen from the

North Atlantic had the characters of L. brevirostris. It is much to

be regretted that no further description or any figures are given.

If the comparisons are correct, it would follow that the larva of

both the common conger and common eel were taken in the open

Atlantic in a pelagic condition.

A. Agassiz remarks in Three Cruises of the '' Blake,'^ vol. i,

p. 121, that we may trace the northern course of the Gulf Stream

by the presence of Sargassum, Porpita, Leptocephali, &c., which

are carried each year to the coast of Southern New England.

It seems evident that in tropical regions of the ocean truly

pelagic Leptocephali are of constant occurrence and fairly abun-

dant. It will probably be found that these are the larvae of species

of Murtenidas other than those whose larvae have been traced by

the Sicilian naturalists. But in the present state of our knowledge

it seems impossible to distinguish satisfactorily the oceanic pelagic

forms from those of the Mediterranean, or from those which are not

pelagic. Thus Grassi and Calandruccio suggest that L. tsenia is

the larva of sjDecies of Sphagebranchus, of which species occur both

in the Mediterranean and the East Indies. But the names tsenia, margl-

natus, lineo-punctatus, and capensis are grouped together by Giinther

as applying to much-elongated forms which appear to have been

taken at the surface of the open ocean : some specimens reach a

length of 25 cm., or nearly 10 inches. The specimens named L.

tsenia by Kaup came from India and the Maldive Islands, but we
are not told whether they were pelagic

;
probably they were. If so,

the question arises whether the form called L. tsenia by the

Sicilians is also truly pelagic, or if it belongs to a different species.

It would scarcely be profitable to pursue these speculations further.

What has been said is sufficient to suggest strongly that the

characters and history of the Leptocephali still offer a most promis-

ing field of study and investigation, alike in the Mediterranean, in

the tropics, and on our own coasts. It is much to be hoped that Drs.

Grassi and Calandruccio will publish a complete account of their

observations with satisfactory figures, in order to satisfy the interest

and curiosity excited by their preliminary communications. It is

worthy of remark that there is some similarity between the cases of
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tlie Leptocepliali and tlie larval Pleuronectid originally described by
Steenstrup as Plagusia, and probably belonging to the genus

Rliomboidiclitliys. This larva is a conspicuous pelagic form in

tropical seas on account of its large size, and in this respect and in

its oceanic distribution differs from the smaller larvae of other genera

which are abundant on temperate shores, but whose pelagic life is

but little prolonged. In like manner it will probably be found that

the oceanic Leptocepliali are peculiar to certain special genera

among the Muraenid^e. In the article printed in Neptunia, the

Sicilian ichthyologists make no mention of the well-known oceanic

Leptocephali, and have overlooked their existence in formulating

their general conclusion that these larvae escape notice and capture

by their habit of hiding at the bottom, except at Messina and

Catania.

With regard to the pelagic condition of the ova of Mur^enidae,

Grrassi and Calandruccio state that they have been able from their

own observations to confirm with complete certainty the suggestion

of Raffaele that certain pelagic eggs described by him belong to this

family. But they do not assert that they have identified particular

eggs with particular species. If the eggs of the conger and common
eel are really pelagic, it is an inexplicable fact that they have not been

identified in the course of the careful and long-continued researches

made on pelagic ova at Plymouth and other places on the Atlantic

coasts of Europe.
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North Sea Investigations.

By

Ernest \¥. L.. Holt.

On the Destruction op Immature Fish in the North Sea.

I subjoin tlie results of statistical inquiries into this question^

continued from tlie point at which they were left in the last number

of this Journal. Having been permitted by the Council of the

Association to undertake a series of lectures along the coast of

Yorkshire on behalf of the North-eastern Sea Fisheries Committee

during the present autumn and winter, I find it necessary to restrict

the present paper to the smallest possible compass, reserving practi-

cally everything except the mere statement of figures until more

time shall be available for the deduction of results.

I regret to have to say that the statistics for the month of May
are by no means complete. Bibliographical work in connection with

several scientific papers on which I was then engaged necessitated

my absence from Grimsby during the early part of the month, and

the sudden illness of my subordinate during the same period inter-

fered with the arrangements I had made for keeping up the records.

The statistics as to plaice are, therefore, a blank for the first week of

May ; Mr. Clark unfortunately remained unwell for the rest of the

month, while a serious break-down in the circulating apparatus of

the Cleethorpes aquarium made great demands upon the time which

I should otherwise have been able to devote to market observations
;

and, though I was able to keep account of all plaice landed, my
statistics as to haddock and cod are too meagre to be worth insertion.

The gas-engine for water circulation was finally restored to good

working order, but, to guard against any future temporary

break-down, I have fitted the entire series of sea-water tanks with

an apparatus for air circulation, on a pattern communicated to me by

Dr. G. H. Fowler.

It has proved that this air circulation is quite sufiicient to keep

the tanks properly aerated throvighout the night, and we have thus

been able to save the excessive labour and expense (for gas) which

the smallness of our reservoir had hitherto entailed in pumping by

night as well as by day.
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Plaice.—The statistics are continued from the end of April^ 1894;

as stated above, the eight days missed in May were at the beginning

of the month.

Month.
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tliem, but_, out of twenty-five " voyages '' in May, twenty averaged but

little more than 100 boxes eacli. Later on matters improved somewhat,

but at no period were tlie fisli to be found in tlie same abundance as

last year, while, as I am informed, some of tlie best grounds were

practically " cleaned out/^ To some extent, no doubt, on this account,

but largely also on account of the higher price obtainable for the

smaller inshore fish, there appears to have been a very general

disregard of the territorial regulations of the Danish Government,

with the result that one or two vessels were seized and heavily

fined. This had the effect of bringing the season to an earlier close

than last year, and, as the Iceland Parliament passed a bill early in

September enforcing still heavier penalties on territorial trawling, it

may be supposed that the inshore grounds will be little molested in

future years. The penalties under the new law are as follows :

For the first ofeeiiee . . . 2,000 crowns, £100 each.

For the second offence . . . 10,000 crowns, £500 each.

For the third offence . . . Confiscation of the vessel.

On a coast where the declivity is rapid the three-mile limit is far

from being the natural one, but no fault can be found with the

authorities for availing themselves of all the protection which inter-

national law allows them.

Haddock.—The appended figures show the total number of ^'small'^

fish landed during the months specified :

June (less 1 day) . . .5570 boxes.

July 6039 „
August (less 2 days) . .6798 „
September .... 6587 „

Comparison with the same months of last year {supra, pp. 128

and 174) shows a large increase for the present year, which increase,

it may be mentioned, is being maintained in the later part of the

season. Indeed, I am given to understand that haddock are now
more plentiful than they have been for a great number of years,

and there has certainly been a steady augmentation ever since these

statistics were commenced. My figures deal only with " small "

fish, but I have no evidence of any diminution in the supply of fish

of all sizes, and however the haddock may have suffered from over-

fishing in the past, it apparently holds its own at present. The
exceptionally large catches of the autumn and winter of this year

may possibly be to a great extent dependent on the favorable

weather of 1893. Bottemanne has clearly established the dependence

of the anchovy supply of any year on the temperature of the

previous year •* and though there exists no series of observations to

* Cf. Dr. Fowler's epitome of Bottemaiine's researches (supra, vol. i, N.S., p. 340).
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support the same conclusions with regard to any other fish, it is at

least possible that the principle is capable of a wider interpretation.

Fishermen hold the opinion that a warm spring means a good supply
of fish of all sorts in the autumn of the same year, but the experi-

ence of 1893 can hardly be said to have given any very great

support to this view. It must be remembered, however, that the

advantages of a good supply of fish may be seriously discounted by
weather unfavorable to their capture ; while, on the contrary, as

during the present autumn, an open season permits of catches

which may make the supply appear relatively greater than it

actually is.

God.—Trawled codling, of the size explained in previous records,

have been landed in the following numbers :

June (less 1 day) . . . 354 boxes.

July .

*

. . . 1708 „
August (less 2 days) . . 2140 „

September .... 2636 „

The most noteworthy feature is the lowness of the returns for

June, April {swpra, p. 175) was also somewhat unproductive, and
fish were certainly scarce in May. I have already alluded to the

general opinion that codling are comparatively scarce (in the trawl)

in summer, and comparison of the diiferent months shows that the

least productive period of each year has been from April to June

(inclusive)

.

Inshore Fisheries.—I referred in my last report to the unusually

large catches of prawns (Pandalus), shrimps and small plaice, &c,,

made in the Humber last summer. It was attributed by fishermen

to the fine warm weather, and I considered it probable that the

good effects of such weather would continue to be felt in the

summer of the present year. There has been, however, at the best

only a moderate supply of prawns and shrimjDS this year, while
'' flat-fish,^' i. e. young plaice, have been remarkably scarce, though

the same cannot be said of soles. Indeed, from observations which

I was able to make on board the s.s, " Garland," both this year and

last, I believe that there has been a distinct improvement in the

supply of soles in the river. Comparatively few were brought to

market, owing to the energetic action of the local fisheries authorities

in enforcing their bye-laws with regard to fish trawling in the

river, and to this action the increase may to some extent be due.

It may be explained that soles are likely to receive the most pro-

tection from this legislation, because they are the fish to which the

fish trawlers were wont to devote the bulk of their attention as long

as they were permitted to do so, and the greatest number of soles

are found in parts of the river not much frequented by other flat-fish.
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Note on some Supposed Hybrids between the Turbot
and the Brill.

By

Ernest \V. L.. Holt.

The specimens conform to a type which appears to be fairly well

known to Grimsby fishermen and fish merchants^ and which is always

regarded by them as the offspring of the parents mentioned in the

title. The object of the present note is to discuss the probabilities

of the correctness of this diagnosis as fully as the material allows.

The form can hardly be said to be rare, since within two years I

have secured three specimens, while I have heard of several others

having been present in the market. In some old manuscript notes

kindly lent me by my friend Mr. Gr. L. Alward I find descriptions

which apply to two fish of the same type, while Dr. Giinther tells me
that he has received several from London fish merchants.

Notes of apparently similar fish have from time to time appeared
in both scientific and sporting publications, since Day (Fish G. Brit.,

ii, p. 13) refers to specimens described in the Proceedings of the

Zoological Society and the Field, while Smitt has recently given
both description and figure (Hist. Skand. Fish., ed. 2, p. 446).

Description of Specimens.

The specimens which have come under my own observation are

three innumber; they were trawled in the North Sea, one in June, 1892,
and the others in the same month of the following year.

Colour.—In the fresh condition they presented so close a resem-
blance in colour to brill that they might easily have been mistaken for

a fish of that species. The brill, as is well known, is of a reddish-brown
colour on the ocular side, diversified with sundry lighter markings,
which markings are retained to some extent after death. The turbot,

on the other hand, as it appears in the market, is of nearly uniform
olive-brown colour, the lighter markings conspicuous in living-

examples being rapidly masked by post-mortem expansion of the

darker chromatophores. Specimens of the two species may certainly
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be found to approacli eacli otlier in general coloration^ but it will be

conceded that the broad distinction which I have laid down holds

good in the majority of cases. Preservation in alcohol rather

emphasises the distinction in the case of brill and turbot, but, of the

three hybrids, one acquired after preservation a colour corresponding

to that of a turbot similarly preserved, while the other two retained

the reddish tinge of the brill.

Scales.—The character of the scales forms the most striking

feature in the three specimens, and is practically identical in all.

In place of the imbricating scales of the brill or the isolated

tubercles of the turbot, both sides of the body are beset with large

more or less oval, cycloidal scales, which, though never actually

imbricating, are placed fairly close together. On the ocular side of

the body each scale is very thin and slightly convex, the most pro-

minent part being at the central point of the concentric system of

faintly marked ridges situate behind the middle line of the scale.

The larger scales exhibit a number of faint grooves for insertion

anteriorly, but there is no free edge. The whole scale is between
two pigmented layers of dermis, but the upper layer on the ocular

side is in most cases incomplete at the greatest convexity of the

scale, so that the latter is, to that limited extent, exposed. The
skin is so thin that it might readily be abraded, and to what extent

the partial exposure of the scales may be due to artificial causes

(e. g. injury in the trawl, &c.) it is impossible to say. The largest

scales occur on the lateral parts, especially on the caudal peduncle,

and anteriorly in the neighbourhood of the lateral line. In a

specimen of 4o"3 cm., one of the largest from this region measures

5 by 3'5 mm. Towards the abdominal region the scales become
smaller and irregularly rounded, as also on parts of the interspi-

nous ridges. On the jaws they are small and circular, rather small

and nearly round on the head, except on the malar part, where they

become larger and elongate. On the fin-rays the scales are very small,

and here alone they show some attempt at imbrication. On the blind

side the scales are essentially similar to those of the ocular side, but

are less convex and almost invariably veiled by skin. They correspond

in distribution, with the exception that there are only a few on the

mandible and none on the maxilla or the prominent parts of the

gill-cover, while the fin-rays are only feebly scaled.

Dimensions.—Of the three specimens two were measured after

preservation, the third being measured both in the fresh and pre-

served conditions.
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hybrids^ but absent from the brill. A strong inflection of tbe

dorsal profile behind the snout is noticeable in all turbot. It is,

at best, but slightly marked in the brill, and in this the hybrids

agree with the last-named species.

As will be gathered from the description, the scales of the

supposed hybrids differ at first sight very markedly from those of

either the turbot or the brill, resembling rather the smaller non-

imbricating skin-clad scales met with in the plaice, and especially in

large examples. The resemblance to either brill or turbot only

becomes apparent when we come to consider the real nature of the

dermal apparatus of the last-named species. The turbot, as is well

known, is clad in a deeply wrinkled skin, the wrinkles, on

close inspection, being the depressions or sulci which separate a

very irregularly arranged series of rather vesicular papillge. Scales

are only represented by a series of tubes, with very imperfect

dorsal and ventral flanges, in connection with the sense-organs of

the lateral line, and by large isolated tubercles, the apices or

bosses of which are naked, while the bases are deeply embedded in

the derma by a series of twisted irregular radical processes. Such
tubercles in British examples are present only on the ocular side,

except in '' cyclopean " or in partially ambicolorate fish, in which

they occur also to a greater or less extent on the blind side. In

Norwegian fish, however, the tubercles, which are as a rule more
numerous on the ocular side than in examples from our own seas,

occur not infrequently on the blind side without any accompanying

pigmentation. The skin pajDillse and wrinkles are equally present

on either side in all examples.

On the general surface of the body there is no very striking

resemblance between the papillae of the turbot and the scale cap-

sules of the hybrid, but at the base of the interspinous ridges the

skin of the two forms presents a fairly close resemblance, and I was
led by this to institute a comparison of the skin armour of the

two forms, which led me ultimately to the conclusion that the papillae

of the turbot's skin were undoubtedly scale-capsules, in which the

scales had failed to develop. This view I believed to be novel, but

on the appearance of Professor Smitt's edition of Fries, Ekstrom,

and Yan Wright's History of Skandinavian Fishes I found it

set forth (p. 434) that the skin is furnished with " soft verrucosa

closed scale-sacs." This interpretation of the papillas may either

be original, or, since the work in question is largely a compilation,

may be collated from the observations of some earlier Skandinavian

ichthyologist. I am entirely in accord with it, but, if it is set forth

for the first time in the work referred to, it runs the risk of rejec-

tion for want of evidence, since the matter is nowhere alluded to in
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tlie context. I proposGj therefore, to discuss the question very

briefly in this note.

In the appended woodcut^ Fig. 2, a is a group of scales and cap-

sules from the lateral line of a hybrid (blind side), and the resem-

FlG. 2.— a. Group of scales from region of lateral line of hybrid (blind side), h. Group
of scales from base of interbajmal ridge of hybrid (blind side), c. Tubercle and surround-
ing papillffi of turbot (ocular side) ; pigment omitted from papilla9.

blance to true scale capsules of the lateral line of the normal turbot

is sufficiently noticeable. The surrounding scale capsules^ however
are far more regular than the papillae of the turbot, besides enclos-

ing a very conspicuous ovoidal scale. In a group of scales {h) from
the base of the interhsemal ridge of a hybrid (blind side) we find

that the sulci, in this case obviously in connection with true scale

capsules, present an appearance closely similar to those met with

between the papillae of the same region in the turbot. c shows
a single tubercle of a nearly adult turbot (ocular side) surrounded

by a group of papillae, the apex of the tubercle projecting through
the skin in precisely the same manner as I have described in the

case of some of the scales of the ocular side in the hybrids. The
smallest turbot (4| inches) in which I have found the tubercles

visible to the naked eye has these structures in the form of blunt

cones, the bases of which are elongated anteriorly, but entirely

destitute of radical processes. Radial insertion sulci are also

absent, but such is also the case in some scales of the hybrid. In

fact, save that it is much thicker in proportion, the young tubercle

of the turbot is not distinguishable in structure from the scale of

the hybrid. The tubercles of the turbot, as is well known, have
no regularity either of disposition or of number, and I think

that there can be little doubt but that the intervening papillte are

merely barren scale-sacs, which become to some extent broken

up and anastomosed with the growth of the fish. If this is the

case the intermediate nature of the scales of the hybrid becomes
apparent.

More sparingly distributed than those of the brill, though more
numerous than in even the most thickly tubercled Norwegian
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turbot, tlie scales retain characters wliich closely resemble a very-

early condition in the development of a turbot's tubercle, as well as

the perfect condition of the scale of a brill. The persistence of the

skinny covering has probably no greater significance than is explained

by the comparative remoteness of the scales, since the imbrication

and exposure of the free edges of the scales in the brill may be

taken as the result of the closeness with which they are set in that

form.

Perhaps the intermediate character is best brought out by com-

parison of the scales of the lateral line in the three forms. The
body of the scale, represented in the turbot by very insignificant

flanges, dorsal and ventral to the sensory tube, is present in the

hybrid to a variable extent, as may be judged from comparison of

h and c (Fig, 3). In no case is it so well developed as in the

brill (a), nor so insignificant as in the turbot {d).

yiG-, 3.

—

a. Scale from lateral line of brill (blind side), b, c. From hybrid (blind side)

d. From turbot (blind side).

Conclusions.—In discussing the parentage of these forms it

appears to me that there are only two alternative theories, since it

is not likely to be seriously contended that they belong to a distinct

species. They may be either hybrids, or " sports " of either the

turbot or the brill. If the latter is the true explanation it is at least

remarkable that the variation should in so many points tend towards

the typical characters of another species, and I cannot but think

that the sexual immaturity of all three specimens (considering their

large size) is strong evidence of hybridity. As to whether the female
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parent Avas brill or turbot there is little evidence^ but perhaps the

preponderauce of brill-like characters seems to point to the former

species. Within the limits of a single species (e. g. Salmo levenensis)

it is the characters (of size and pigmentation) of the female parent that

are reproduced in the offspring (Sir J. Gibson Maitland^ Bart., in

litt.), and it is not unreasonable to suppose that the species of that

parent may be predominant in determining the characters of a

hybrid. Ova of the brill have been successfully impregnated with

the milt of the turbot by Professor Mcintosh, and although the larvae

proved delicate, they do not appear to have been less hardy than

pure-bred turbot larvae which have come under my own obser-

vation.

Of the several instances of supposed hybrids collected by Smith

{ojp. cit., pp. 444 and 446) all seem to have been somewhat turbot-

like in shape, and the author's conjectures as to the parentage seem

to be based chiefly on the number of fin-rays and the relative

thickness of the scales. The form which apjoears to correspond most

nearly to those which form the subject of this note is suggested to be

the result of the union of the male turbot and female brill, and on

the whole I am inclined to think that this interpretation of the

parentage is correct.
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The Migration of the Anchovy.

Summary of a Report to the Council of the Association.

By

J. T. Ciiiiniiigliaiii, M.A.

The facts gathered uj) to the present time with regard to the

occurrence of anchovies in the English Channel are briefly as

follows :

In November^ 1889^* large numbers of anchovies were reported

to have been taken at Dover in the drift-nets used for sprat fishing.

During the same month also numbers were taken by the sprat

fishermen in Torbay^ in seines.

In the following November, 1890, numbers of anchovies were

brought in at Plymouth by pilchard fishermen, fishing to the south of

the Eddystone. On November 26th one boat took 584, and on Novem-
ber 27tli one took 500. During this autumn nothing was heard of

anchovies at Torquay, and Mr. Matthias Dunn could not obtain any

at Mevagissey.

The only anchovies brought to the Laboratory in the autumn of

1891 were caught on November 9th. On this occasion twenty-one

fish were counted. No anchovies were reported from Torquay.

Anchovy nets purchased by the Association were shot tweuty-

four times between September, 1891, and April, 1892, and thirty-

one anchovies were taken, the largest catch being twenty on

November 20th.

During the winter 1892-3 the number of anchovies obtained

from fishing boats at Plymouth was sixty-one, of which number
thirty-three were caught in November and December. The Associa-

tion's nets were shot six times in November and December, and five

anchovies were taken, all at one time (November 28th).

During the winter 1893-4 only eight anchovies were obtained

from the Plymouth fishermen. The nets of the Associatiou were

* This Journal, vol. i, N.S., p. 334.
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sliot once, but no anchovies were caught. No anchovies were

reported from Torquay.

In November and December, 1894, twenty-seven anchovies were

obtained from Plymouth fishermen. The Association's nets were

shot five times in November, but no anchovies were caught, and

it-was definitely ascertained that none were taken at Torquay.

My general conclusions from the facts known concerning the

anchovy are as follows :

It seems at present most probable that the anchovies which

spawn on the Dutch coast in June and July are those which are

found in the English Channel in autumn and winter. We do not

know of any spawning places of this fish on the west coast of

Europe, except the east side of the North Sea. The spawn has

been observed in the Zuyder Zee and in the open sea near Nordeney

by Ehrenbaum. We have not seen any anchovy spawn in the

neighbourhood of Plymouth, and there is no evidence of the

presence of anchovies in that locality in summer. But anchovies

are caught on the French shore of the Bay of Biscay, at any rate

in the southern part. We do not know if they spawn there. If,

then, the anchovies in the Channel move north in summer when

they spawn, how is it that their place is not taken by other an-

chovies coming up from the south ?

The reply to this question is probably given by the peculiar dis-

tribution of summer and winter temperature. There is a much

greater range of temperature in the shallow estuaries and basins on

the coast of Holland than in the deeper water at the entrance to

the English Channel. On the chart of temperatures of the Atlantic,

published by the Meteorological Office, the August temperature

near Plymouth is 61° to 62°, and outside the Frisian Islands it is

marked 62°, 63°, and near Heligoland 65°. The temperature in the

Zuyder Zee is higher in summer than that of the sea outside. We
know from the Dutch observations that in 1887 the seven days' mean

temperature at 7 p.m. in the Zuyder Zee in July varied from 62'6

to 66-2°. According to observations published by Mr. Dickson in

this Journal, vol. ii, p. 276, the ten days' mean off Plymouth in July,

1891, was 57*2° to 57'4°. In the same year the seven days' mean of

the surface water in the Zuyder Zee was in July 62*2° to 63*3°.

In 1892 the surface temperature in February, ten days' mean,

according to Mr. Dickson, was 44" 1° to 46"4°. In the Zuyder Zee for

the same month it was 33*9° to 39 '0 .

It is clear, therefore, that the water on the coast of Holland is

warmer in summer and colder in winter than that of the English

Channel. This explains why anchovies do not spawn in the

Channel. A temperature equal to that on the coast of Holland in
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summer is only obtained further sontli on the French coast, where

anchovies are taken in summer, and where they probably spawn.

We know that there are anchovies in autumn and winter at the

western end of the English Channel ; these, in order to reach a

temperature high enough for spawning, must go either north or

south. It seems probable that all these anchovies come from

Holland and return thither.

In relation to this probable migration it is interesting to compare

the statistics of the Dutch fishery with the evidence we have

obtained of the varying abundance of anchovies in the neighbour-

hood of Plymouth. The following are the temperatures in July

in the Zuyder Zee, and the total yield of the anchovy fishery in

that sea in successive years :

Temperature in July. Ankers of Anchovies salted.

1882 .
14-7° to 16-7° C. . 18,736

1889 .
16-8° to 18-9°

. 1,676

1890 .
15-4° to 18-3°

. 194,096

1891 .
16-8° to 17-3°

. 45,914

1892 .
16-2° to 17-7°

. 6,854

1893 .
17-7° to 20-1°

. 13,908

Now we first heard of anchovies in connection with the M. B. A.

in November, 1889, when large numbers were seen at Dover, large

numbers were taken in the sprat seines at Torquay, and samples

were brought to the Laboratory by the pilchard fishers at Plymouth.

In the previous summer very few had been caught in the Zuyder

Zee, although the temperature in that summer was high. But in

the following summer, with a similar temperature in the Zuyder

Zee, one of the maximum catches was made there. In the winter

of 1890 anchovies were abundant in the Channel ; I obtained

1000 from pilchard-nets in two days in November, and again in the

following summer a fairly large catch was made in the Zuyder Zee.

In the winter of 1891 and 1892 anchovies were not plentiful off

Plymouth, and in the following summers the catch in the Zuyder

Zee was small.

The fact that so few anchovies were taken in the Zuyder Zee in

1889, while in the following autumn they were so abundant in the

Channel, is difficult to reconcile with the theory that the winter

anchovies in the Channel come from the coast of Holland. It is

possible that there is another explanation, namely, that in warm
winters the anchovies come northward to the Channel, and in a

warm summer following pass up to the warm waters of the Dutch
coast, where they q,re crowded together in narrow waters, and so

give opportunity for a fishery. If this suggestion were correct the

prosperity of the Zuyder Zee fishery would depend not, as Prof.
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Hoffmann supposed, on tlie warm summer of the year before, but on

the mildness of the winter in the Channel, This suggestion can be

tested by an examination of the meteorological conditions during

past years in compai'ison with the statistics of the Dutch fishery.

I would suggest that in future a careful record should be kept of

the meteorological conditions, temperature of the sea, and number
of anchovies obtained at Plymouth, in order that the law of the

anchovy fisheries might be ascertained. I would further suggest

that endeavours be made to obtain data concerning the natural

history of the anchovy on the west coast of France, and north and

west coasts of the Spanish Peninsula. We do not know at present

whether the fish spawns there, and in what abundance it occurs at

different seasons. If these matters have not yet been ascertained, it

would not be difficult by communications in the proper quarters to

get observations on them made by competent naturalists in the

countries concerned, or it might even be advisable to send a

naturalist from England for the purpose.

In conclusion I would say a few words on the question of an

English anchovy fishery. As far as our evidence goes—and it is

fairly extensive—there has been no possibility of a profitable fishery

except in the years 1889 and 1890. In the former year a consider-

able number of anchovies could have been cured at Torquay, and in

the latter a smaller number at Plymouth ; but there is no indication

that enough anchovies could be caught in the Channel to recom-

pense the employment of special nets for their capture alone. My own
opinion is that the fish are either too much scattered or too far

from the coast to be caught in very large numbers. In Holland it

is different ; the fish are there crowded into a small area.

On the other hand, I think it would be advisable to ascertain

whether small pilchards occur off the Cornish coast in summer in

sufficient numbers to support a sardine industry like that of the

west coast of France. The pilchard fishery is unprosperous, the

market for large salted pilchards is bad. There is a factory at

Mevagissey where large pilchards are imperfectly preserved as

sardines, but the flavour of sardines depends on the size, as lamb is

more delicate than mutton. If small pilchards are to be caught on

the Cornish coast in large numbers in summer, there is no reason

why the French sardine industry should not be extended to Corn-

wall, and prove a great boon to the population, whose resources in

mining and fishing have been much reduced. To this end I would

advise that our small-meshed nets be shot regularly throughout the

months of April, May, June, July, August, and September, and all

the results examined and recorded.
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On the Oxidation of Ammonia in Sea Water.

By

O. p. Dariicll-§mitli, B.Sc, F.C.S.

Whilst working at the Laboratory this summer on the function

of iodine in Algae, it was suggested to me by the Director that I

should study the influence of Algge on the ammonia in sea water.

I here tender my thanks to Mr. E. J. Bles for his kind advice and

assistance.

Before commencing experiments with Algge the effect of keeping

sea water in the light and in the dark was tried. Neither daylight

nor darkness appears to have any effect on the amount of ammonia

in the water. Thus

—

Sea water containing . . '002 grm. NH3 per 100 litres,

After standing in the dark twenty-

four hours contained . . . *0025
,, „

After standing in the dark forty-

eight hours contained . . '002 ,, ,,

Sea water containing . . . *001 „ ,,

After standing in the light eight

hours contained . . . '001 ,, ,,

After standing in the light sixteen

hours contained . . . '001 ,, ,,

After a few days, however, whether standing in daylight or dark-

ness, ammonia is produced by the decomposition of organic matter.

In order to test the efficiency of Algge in oxidising the ammonia,

sea water which had been in an inverted bell-jar seven days, with

a fair quantity of Ulva, moderately illuminated, was analysed.

It contained .... -0376 grm. NH3 per 100 litres.

After being placed in the window
twenty-four hours it contained . '010 „ „

After being placed in the window
forty-eight hours it contained . '009 „ „
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This rapid reduction of ammonia is probably due to the oxygen given

off by the Ulva. To check this conclusion, water containing "008

grm. NHg per 100 litres was placed in a bell-jar in the dark and

a quantity of Ulva placed in it.

After twenty hours it contained . '008 grm. NH3 per 100 litres.

After forty „ „ . "008

Thus when assimilation was not proceeding the quantity of

ammonia remained stationary. Decomposition then commenced,
for—

After standing in the dark sixty-four

hours it contained . . . '012 grm. NH3 per 100 litres.

After standing in the dark eighty-

eight hours it contained . . "030
,, ,,

The jar was now jjlacedinthe window, and after standing there forty-

eight hours it contained '007 grm. NH3 per 100 litres. That the reduc-

tion of ammonia in sea water by Ulva depends upon the assimilation

of the latter is further shown by the following experiments. Water,

into which some Ulva had been put, had stood seven days in a

position moderately illuminated.

It contained .... "OS? grm. NH3 per 100 litres.

After standing in the window twenty-
four hours it contained . . "009 „ „

After standing in the window forty-

eight hours it contained . . "010 „ „
After standing in the window

seventy-two hours it contained . 'OlS ,, „

The available carbon dioxide had apparently been used up after

the first twenty-four hours, and the plant was unable then to keep

down the ammonia. A small quantity of carbon dioxide was now
blown through the water, and after twelve hours it contained '009

grm. NH3 per 100 litres. A further quantity of carbon dioxide

was blown through overnight, and after standing seven hours in

daylight the water contained 'OOG grm. NHg per 100 litres. That

the reduction in the amount of ammonia was not due to the

agitation of the water is shown by the following experiment.

Water containing much ammonia was placed with Ulva in bright

sunshine.

It contained at the commencement "009 grm. ISTHg per 100 litres
;

„ after five hours '003 „ „

„ after forty-one hours '006 „ „

showing the same series of changes as in the previous experiment.

Carbonic acid gas was now blown through it, and it was still found
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to contain "006 grm. NH3 per 100 litres. After standing one night

and six hours in daylight, however, it contained "002 grra. NH3 per

100 litres. The preceding experiments show that when Ulva is

assimilating rapidly and oxygen is given off, the ammonia in sea

water is very quickly reduced. The amount of carbonic acid gas,

however, available for purposes of assimilation is not clear ; from

the "Challenger" Reports there does not appear to be any free

carbonic acid gas in sea water, and Algse, therefore, must depend

upon that which is in a state of " loose " chemical combination.

An experiment was now made to test the rapidity of action of

a current of air blown through the water. A current of air at the

rate of 400 c.c. per minute was blown through sea water which

contained

—

At the commencement "030 grm. NH3 per 100 litres.

After five hours '023 „ „
After twenty-six hours "013 „ „
After fifty hou.rs '008 „ „

A second experiment gave similar results, and it appears, therefore,

that the oxygen given off by Algee is very much more efficacious

than that of the atmosphere, which is probably due to its being in

the nascent condition.
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Remarks on Trawling.

By

Professor M'lntosli, M.D., LJL.D., F.R.S., F.R.S.i:.

FIEST SERIES *

Reprinted, by permission of the Author, from the Twelfth Animal Report of the

Fishery Board for Scotland.

I. General Remarks.

Fully ten years having elapsed since tlie Report on Trawling on the

eastern shores was presented to the Trawling Commission (composed

of the late Earl of Dalhousie, chairman ; Right Hon. Edward
Marjoribanks, M.P., now Lord Tweedmouth ; Prof. Huxley ; Mr.

W. S. Caine, M.P. ; and Mr., now Sir_, T. F. Brady), it appears to

be desirable to review the statements contained therein in the light

of the information which the impetus given by the Commission has

produced. Moreover this examination of results is all the more

necessary, since last year another important body—viz. the Select

Committee of the House of Commons on Fisheries, presided over by

Mr. Majoribanks, M.P.—issued a new blue-book containing the

finding of the Committee, and a mass of evidence.

In criticising this Report on Trawling, it is necessary to bear in

mind that certain definite instructions were given by the Commission

in regard to the hauls of the trawl. These fall under Section 6,

and are as follow :

—

" The results of each haul of the trawl, so far

as regards food-fishes, should be carefully registered, in order that

positive data may be obtained.

" (a) As to the proportional quantity of immature fishes taken

at various seasons.

* I have to acknowledge, in the preparation of the " Remarks," the courtesy of Mr.

Esslemont, Chairman of the Board; of Dr. Fulton; of Mr. W. C. Robertson, the secretary

;

of Mr. Couper, Fishery Officer, Aberdeen ; of Messrs. Joseph Johnston and Sons,

Montrose; of Mr. Scott, of the General Steam Fishing Company, Granton; and of the

owners and captains of the various vessels, who invariably exerted themselves to furnish

information. It was especially interesting to find some of the captains of the General

Steam Fishing Company's ships, with whom T had worked in 1884, still at their posts.
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" (b) As to the destruction of the spawn of food-fishes.

" (c) As to the proportion of live and dead fishes/^

It is important to remember, also, that the choice of ground lay

with the trawler in almost every case, and that the most produc-

tive ground, so far as could be ascertained, would in all probability

be selected.

In the Eeport of 1884 the fishes were grouped into " saleable,"

" unsaleable," and '^ young," the latter term being synonymous with

that now in general use, viz. " immature "—a term, indeed, which

was introduced prominently in this Eeport. These three heads are

well understood, and need cause no ambiguity, since even the fish-

ing community are quite able to understand them—a size limit, of

course, in every case having been considered. To the Royal Com-
missioners the fact that a young or immature dab was under 7

inches was not of great utility, but the number of such young forms

was of the utmost importance in view of the statements then

prevalent. Due care was taken to see personally that every

example was authenticated, and if any weight is to be attached to

the statement that the " great defect of the Report* is that no

information whatever is given as to the limit of size dividing the

saleable fish from the immature," there will be little difficulty in

remedying it. Besides, it was not the scientific observer who
regulated the sizes of the saleable fishes, but fishermen engaged in

an industrial pursuit, and who had to bear in mind the demands
of the public. Moreover a fish of a size that was saleable at

St. Andrews might not be so at Aberdeen, and vice versa, though, as

a rule, the variation under this head was not great. According to

the state of the market, again, fishes

—

e.g. gurnards—that were

saleable at one season were unsaleable at another. As pointed out

in the Report, " it is remarkable that so good a fish should be

liable to variation in this respect, and that it should not always be

taken to market, even during the height of the herring season."

Frog-fishes even occasionally found a ready sale in the great central

towns of England after the head, skin, and fins were removed ; and
in the Outer Hebrides dog-fishes formed, and still form, an important

item in the crofters' diet-roll, the piles of skins in front of their huts

being characteristic.

To take the fishes in the order in which they are mentioned in

the Trawling Report, the following sizes formed the lower limit of

the saleable fishes :—Skate (including grey, thornback, starry,

sandy, &c.), 10—12 inches across the pectorals; herring, 7—

8

inches, but those obtained were all much larger ; codling (young

cod), 8— 10 inches, but no example so small occurred in the series
;

* l*rof. Ray Laiikester, Sea Fisheries, Chicago Exhibition, 1893, p. 6-i,
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haddock, 8—9 inclies,—when so small their price is insignificant,

about Is. per box ; whiting, 8—9 inches; poor-cod, 7 inches; bib,

6—7 inches ; coal-fish, 1 foot ; hake, 1 foot, though seldom seen

below 15 inches; ling, 15—20 inches; halibut, 13 inches; sail-

fluke, 8 inches ; craig-fluke (witch), 7 inches ; long rough dab, 7

inches ; turbot, 6—7 inclies ; brill, 7—8 inches
;
plaice, 7 inches

;

dab, 7 inches ; lemon-dab, 7 inches ; sole, 7 inches ; flounder, 7

inches, rarely sold; grey gurnard, 9 inches; bream, 9—10 inches;

cat-flsh or wolf-fish, 15 inches, though all those obtained were
large. By the term " saleable/' of course, saleable in the food

market is meant, since much smaller examples of every species

might be utilised for manure, either as landed or after preparation

in a factory.

In regard to the unsaleable round fishes, the remarks of the

Commissioners of 1866 were— ''^ It has never been alleged that ling,

cod, and conger, in which the line fishermen are so largely intei'-

ested, or mackerel, pilchards, or herrings, upon which the seine and
drift fishermen depend, are caught by the trawl in an immature and
uneatable condition." '' Whiting and haddocks of small size, thought

marketable, are taken by the trawl ; but fish of similar dimensions

are also captured by the liners, against whom, indeed, the charge of

taking immature cod has especially been brought/'

In the. Report of 1884 it was stated that "a considerable number
of young cod were present in most of the good hauls, but all were

saleable fishes. Quite as many immature cod (codling) were caught

by the liners in the same waters ; and off the Bell Rock perhaps

the proportion is even greater." The same state of matters exists

at this moment. On the other hand, the number of very small

haddocks caught by the liners, e. g. last year off the east coast of

Scotland, far exceeded anything of the kind captured by trawlers.

The one mode of fishing was as destructive to these immature forms

as the other. The small fishes swarmed on the ground, and were

caught in every haul of the liners just as they were swept into the

trawl, but many of the smaller forms escaped from the latter

through the meshes, while they were held fast by the hooks and so

injured that, although they had been returned to the water, it is

doubtful if they would have survived.

The remarks made then (1884) on the capture of very young cod

and very young haddocks, therefore, remain suitable for to-day
;

and the same may be said of those on whiting, ling, hake, gurnards,

coal-fishes, pollack, bib, and poor-cod. In the Trawling Report it

was stated that large cod and other adult fishes were now seldom

caught within the limits of the Bay of St. Andrews, and this was in

accordance with the evidence then obtainable. The use of anemones
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as bait, togetlier witli the closure of the bay, shows that as many

as sixty or eighty good cod are occasionally caught by a single

boat, the lines being buoyed and left in the water all night. Some

fine congers are also occasionally obtained off the east rocks. More-

over excellent haddocks are procured in the same area early in the

year, and for two years small haddocks have abounded. Large

green cod also occasionally leap out of the water in pursuit of their

prey, and are captured on the beach, while a few pollack are got in

the salmon-stake nets or on hooks. It would thus appear that

further experience leads to a modification of the statement in the

Trawling Report. How far the increase in numbers has been due

to the closure and the absence of molestation, and how far to the

fixed and extensive lines and special bait^ are open questions.

The closure of the inshore waters— e. g. St. Andrews Bay—must

have conduced to the prosperity of the turbot and the brill of that

neighbourhood, most of the turbot (ranging from 9—11 inches)

which formerly were captured by the trawlers (sailing and steam)

now being unmolested, and reaching the outer waters when of some

size. The salmon stake-nets, however, on the west sands still prove

destructive to many tvirbot from 5^ inches upwards. These small

examples of this valuable fish are only used as bait for crab-pots.

It is true the trawlers sweep the outer waters into which the young
turbot and brill pass, but the area is wider, and the size of those

captured considerably larger.

No fish formed the subject of greater solicitude in the Trawling

Report than the plaice, both from its wide distribution and its

great abundance, as well as from the supposed view that this was'a

form specially destroyed by the trawl, which had cleared out of St.

Andrews Bay, for example, all the full-grown adults, and left only

the smaller forms. It is apparent, therefore, that during the past

nine years such inshore waters have had sufiicient time for recupera-

tion— at least to some extent—if these views can be maintained.

The results of the trawling-work of the '^^ Garland ^^ up to 1892

have already been dealt with in this connection,^ so that other

observations, and the statistics of fishes captured by the liners in

this area, have only to be considered. Without at present going
into detail, it is found that comparatively few full-grown plaice are

captured in the enclosed waters of St. Andrews Bay. Most of the

large specimens that have occurred have been either diseased

—

e. g.

blind or emaciated—or injured. An enormous number of immature
or half-grown plaice, however, are reared in the area, and are

captured by the liners, chiefly with lobworm, their lines being
buoyed and left in the water for such periods as they please, relays

* A Brief Sketch of the Scottish Fisheries, 1882-92, p. 6.
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of lines being often used. The success with which the local fisher-

men ply their trade in early spring amongst the plaice is indicated

by the fact that a single haul of the lines of a small fishing-boat

last February produced a sum of £9, and that a larger " catch '^

was procured by the same boat within the week. The closure of

the inshore waters, therefore, while it places the trawl-fishermen at

a disadvantage, benefits the line-fishermen, and does not deprive

the public altogether of the supply of flat-fishes from the enclosed

area. It does not, however, produce many large flat-fishes, for as

these get older they appear to seek the deeper waters outside the

limit, either from a natural habit, or as the result of constant inter-

ference by man. This habit, indeed, was noticed in the Report
when dealing with the question of instituting the closure within the

three-mile limit—thus :

—

" The flat-fishes, such as turbot, brill, plaice,

soles, dabs, and thornback (skate) would certainly be left in com-
parative security in certain bays, as at St. Andrew's, the larger only,

perhaps, seeking the grounds in the offing." These larger flat-

fishes, many of which are mature (that is, spawning) are captured

outside the three-mile limit in great numbers, and thus the supply

of ova and young fishes for the inshore waters is affected, for, as

previously pointed out, the latter waters dej^end to a large extent

on the former in this respect. Few or no spawning plaice (none

within our experience) are ever captured within the bay, though
eggs and young in various stages are not uncommon. It is stated,

however, that adult ripe plaice were formerly procured by hook and
line off the rocky shore towards the month of the bay between Boar-

hills and Fife-Ness, on hard ground on which no trawl could work.

The adult spawning plaice in greater numbers occur in the oifshore

waters, and, so far as known, there is no passage of these from the

outer to the inner area for the purpose of discharging their eggs—
as was formerly believed in regard to many fishes. If it had been
for the advantage of the eggs and larval plaice that the adults

should only spawn close inshore in the shallow water, there is no
reason to doubt that such would have been the arrangement. It is

apparent, however, that it is otherwise. Before reaching the

shallow water of the bays the scattered ova have advanced towards

hatching or have hatched, the majority probably in the latter

condition, the open water being perhaps better suited for their

safety. The yolk-sac of the larval fish is soon absorbed, the

symmetrical post-larval condition is reached, by-and-by transforma-

tion occurs, and the little fish takes to the bottom, swarms being
found in the muddy rock-pools towards the end of April and
beginning of May. The life-history of this species would seem to

show that—in dealing artificially with the eggs and larvee—the

NEW SERIES.— VOL. Ill, NO. IV. 25



312 REMAEKS ON TRAWLINCx.

most natural method is to place tlie larval fishes—just before the

yolk-sac is absorbed—some distance from shore. They are more or

less transparent, and will escape many of the dangers they run in

such waters, and, before being carried close inshore, will either be

transformed or about to be transformed, and more capable of escap-

ing by their own exertions from their enemies. If the larvae are

placed in the sea close to a rocky beach or stretch of tidal sand or

gravel, it is possible that many would be stranded by the tide.

Therefore, though the observation that the young plaice (with eyes

now on the right side) abound in spring in the shallow rock- pools

and elsewhere is perfectly correct, it is no argument for placing the

larval fishes in their neighbourhood, when in a truly pelagic con-

dition. In the same way the spawning ling are found far from the

inshore waters, their minute eggs being hatched in the open ocean,

and the young stages passed long before reaching the margin of low

water. The ling has not^ indeed, been found in inshore waters till

it reaches about 3 inches (3|) in length, and then in very limited

numbers. It is more frequently secured when from 6 to 8 inches in

length—at extreme low water at the margins of the rocks. As it

gets larger it seeks the offshore, and thus, as in the plaice, there is

a double migration—the wafting of the eggs, larval and young

fishes shorewards, and the return of the adolescent and the larger

forms seawards. A similar life-history appears to be present in

many of the food-fishes—e. g. the turbot, brill, and halibut, though

in the case of the dab, long rough dab, and some others there are

marked exceptions, as pointed out in the Trawling Report. Thus,

"the large proportion of immature dabs found 15 miles off St.

Abb's Head is interesting, and shows that such are not confined to

shallow bays like that of St. Andrew's. Moreover, the occurrence of

relatively small specimens at this and even greater distances from

land would raise a doubt as to whether all such young forms have

been reared on a sandy beach inshore."* Since the foregoing was

written, opportunities, by aid of the " Garland," for using the

special trawl-like tow-net and the mid-water net near and at the

bottom on the grounds 15 to 20 miles south-east of the Island of

May, have been afforded, and great numbers of larval, post-larval,

and young dabs, long rough dabs, and other forms have been

obtained, thus confirming the opinion formerly expressed. More-

over, the trawling work of the '' Garland " on its various stations

from the Moray Firth to the Forth bear out the same conclusion.

Again, the deeper water is the home of the post-larval frog-fish,

even the pelagic eggs being rather uncommon near shore. The

adolescent and adults, on the other hand, are frequent in shallow

sandy bays like St. Andrew's.
* Report, Royal Coimuissiou on Trawling, p. 361.
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It is apparent, from certain remarks in the preceding paragraph,

that it is a mistake to say that the trawl alone can capture flat

fishes. If the bait be suitable the lines are tolerably effective in

regard to plaice, lemon-dabs, dabs, and flounders. Again, halibut-

fishing (by hook) is the most productive method off the coasts of

Iceland, Faroe, and elsewhere, and even the turbot and the sole are

occasionally caught by the liners.

II. Changes in the Trawling-Vessels and their Apparatus.

With the exception of a few small sailing vessels and boats,

trawling in Scottish waters is carried on, as it was in 1884, almost

exclusively by steam-vessels ; but, whereas at the latter period many
of the vessels were old tugs or modified paddle-steamers formerly

used for other purposes, most of the modern vessels, e. g. sailing

from Grranton and Aberdeen, are specially built for the purpose.

The finest vessels do not cost much more than the serviceable vessels

of the Greneral Steam Fishing Company did in 1884, viz. £4,500,

but very considerable improvements have occurred in the arrange-

ment and equipment. Some of these iron ships are 100 to 120

feet between the perpendiculars, and considerably more on deck,

with a depth of 10 to 12 feet. The paddle-ships at Montrose* are

116 feet between the perpendiculars, 21 feet broad and 10 feet deep
;

while the fine screw vessel is no less than 120 feet between the per-

pendiculars, 21 feet broad, and 11 feet 6 inches deep. The three

latter have comparatively low bows, like many of the ships from

Granton. The newer ships at Granton have also increased in size.

Moreover, greatly increased height is given to the bow of the vessels

at Aberdeen, so that the foot-hold on the fore-deck must be very

uncertain, especially if slippery ; but the water is kept out of the

ship by such an arrangement. The after-part of the ship, however,

is more or less flat, so that the trawls can easily be worked. These

vessels range from 140 to 180 tons burthen, with engines from 40 to

65 horse-power.

Instead of having the steam-winch near the fore-cabin, in the newest

ships it is placed on deck close to the engine-room, so that the

steadiness of the ship is increased, and the bow kept out of the

water. The screw-vessel at Montrose has two winches, one being

behind the foremast, the other (smaller) behind the mainmast. The
latter is very useful in discharging fishes and in working the dandy.

In general, the Granton ships have the steam-winch in front, with

the capstan behind, just before the engine-room— a different arrange-

ment from that at Aberdeen. Moreover, a decided improvement is

introduced by the presence of a "brake '^ in connection with this

* Messrs. Joseph Johnston and Sons.
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a,pparatus. In 1884 reliance was placed on the old liawser fixed to

tlie trawl-warp in the case of the net being held by a snnken wreck

or a rock. Now, the moment the net is fixed, the ^' brake " (which is

secured to a moderate degree) permits the trawl-warp to run out,

and thus save the net from serious rupture or total destruction while

the ship is being stopped. In the Granton ships an iron wire rope

is used instead of a hawser from a hook on the mainmast, to save

rubbing on the rail. This is fixed to the trawl-warp by spun-yarn.

The length of the trawl-warp, which is of steel-wire rope, ranges

from 200 to 240 fathoms. The warp has six outer and a central

strand. The older warps had a Manilla centre, but the newer have

wire. A change has also been made in the teeth of the wheels of

the winch, for instead of being transverse, they are now helical or ob-

lique in such ships as the " Belcher." The warp is runround a capstan

in rear, and out by a slit with rollers in the bulwarks of the ship.

The large ends of the winch are used, as formerly, for winding the

bridles and all ropes and tackle, the latter being still the method of

hoisting on board the bag of the trawl. Instead, however, of the

snatch-blocks being fixed to the deck, they now are attached to the

top of the engine-room. A considerable number of the paddle-ships

still use a y-inch Manilla hawser as trawl-warp, and it is wound
round a capstan from wheels beneath the deck. These also have

the piece of old hawser (at Montrose of about 13 fathoms) as a guard

during trawling, but, as indicated, the best screw-trawlers have the

" brake " on the winch. In one or two of the older trawlers at

Granton, the narrowness of the ship has caused the winch to be

placed on the fore part longitudinally, not transversely.

In some of the ships at Aberdeen the steering or wheel-house has

a roof, with side-panels and panes, so as to protect the men, and it

occupies the same position, viz. in the centre of the vessel. Others

have simply a canvas shelter above the wood. In one of the newest

vessels at Aberdeen, the steering-house is open, as it is stated the

men are apt to sleep in the covered houses, and prefer to be in the

open air during their watches, while it is interesting to note that the

Granton General Steam Pishing Company's ships have always had open
wooden wheel-houses. Besides a spirit-compass on a stand, a new ves-

sel has an inverted one on a wooden pole, so that two are available in

steering. Coals are still carried in the side-bunkers, which in the best

ships have a floor of cement, so as to minimise the danger from fire.

At Aberdeen small English coals are largely used,* and instead of

being piled loosely on deck at starting, as in some of the vessels from
Granton, the extra coals are stored in bags, and are thus more
easily handled. The finest vessels carry about 60 tons of coal in

* At lis. per ton.
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the side-bunkers adjoining the engine-room, and burn about 2^ tons

per diem, witli surface-condensing boilers ; but fairly good ships

often exceed this quantity.* The consumption of coal in such cases

is, of course, a vital point in the economy of the trade, and a vessel

which will consume 60 tons in 12 days is seriously handicapped.

Some think that the larger vessels, which require more coal, are less

fitted for remunerative work, since they catch no greater number of

fishes. They might, however, be safer at sea. An improvement is

the placing of the iron water-tank, which will hold about 270 gallons,

under the deck, thus economising space and avoiding accidents.

It is filled by a hose-pipe fixed to a screw-hole on deck. In the large

screw-vessel from Montrose the tank is placed behind the bulk-head of

the engine-room, and a hand-pump raises water to the deck. In the

newest ships an oil-tank, to hold from 40 to 50 gallons, is filled

beneath deck in the same way.

The bulwarks of the new ships have self-acting scuppers for heavy

seas, besides the usual small permanent ones, but no cement gutters

are now present at the sides, as it was found that they were rather

a disadvantage, for, in such as have seen service, the cement becomes

dilapidated. In 1884 the ships working oif Aberdeen usually carried

their fishes in covered compartments at the bulwarks in front, or even

permitted them to lie loosely on deck. This arrangement is now
seldom seen, probably owing to the use of ice and the greater dis-

tances traversed. The bag of the trawl containing the fishes is

emptied in the Aberdeen ships in a series of pounds (about 5 in

number), formed by passing stout planks into upright grooves on deck

in front of the winch, and in these the fishes are sorted and " gutted,"

preparatory to being placed in the fish-hold in ice. The labour

involved by this method is a contrast to that of previous years off

the eastern Scottish shores. Hence, when the catch at night in-

cludes haddocks of from 8 to 10 inches in length, these are considered

unremunerative to treat in this way, and are thrown overboard.

In the ships of 1884 the stout boat of the trawler was either

carried on deck or suspended from davits at the sides. They can

be easily launched from the latter, but may be carried away, and,

besides, the top weight of the vessel is increased. At Granton the

vessels formerly described have now placed their boats on strong

iron rails, 6 feet 6 inches high, on the starboard side, and bolted

to the engine-room on one hand and the bulwarks on the other.

Now a larger boat in the newer vessels is placed on rests in the

centre of the ship over the engine-room, while in the most recent

it occupies the centre of the stern, and the front " stock " or support

* This is much less than the quantity consumed by some of the old paddle-shipa in

188-t, e.g. about 35 tons a week.
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lias a swivel. Moreover, in tlie " Belclier " tlie liook of tlie cliain-

lashiiig is jointed and fastened witli a ring, so that the boat can be

made ready in a minnte. The modern boat is considerably larger,

and is covered with canvas.

In connection with the fittings on deck, the use of raised or pro-

jecting figures or letters of sheet-iron on the funnel is one of the

modern changes ; they are very easily seen at a distance. The

initial letter of the owner is sometimes added. Each vessel is, of

course, marked likewise on quarter and bow.

The ice-house, which had just been introduced in 1884, is now

an important part of the vessel, usually in front of the fish-hold.

Five tons of broken ice are taken in the larger vessels to the distant

grounds. It is sent from the stores in barrels, and passed from the

cart to the hold by a funnel. So important has this feature become,

both for liners and trawlers—in Aberdeen, for instance—that special

factories have been erected for the manufacture of ice by the ammonia

system, about twenty tons being made daily in one"^ near the

harbour at present, and extensions are in progress to manufacture

forty tons daily. On the distant grounds, where most of the work

of the larger vessels occurs, the ice is placed over the fishes after

they are '' gutted " and consigned to the hold, as was done by the

English trawlers from the distant grounds in 1884. The price of ice

(at present 17s. 6d. per ton) is thus an item of moment in the

trawling expenditure. On discharging the fishes from Iceland, Faroe,

or the Great Fisher Bank, the old ice is thrown overboard, and,

though it might seem economical to keep it for use in a subsequent

voyage, e.g. for the preservation of the offal, for which lOs. per ton

is got from the manure companies, yet it is certainly the safer

method. No wind-sails are now employed.

The fish-hold in the best ships is from 9 to 10 feet in height,

divided into compartments, each with two shelves. In the

" Southesk,^^ a screw-vessel at Montrose, there are two holds. When
fishes are stored with alternate layers of ice, the front of the com-

partment is closed with planks, unpainted or coated green with

enamel-paint, which is readily purified by washing. The shelves,

again, in each division, are useful in diminishing compression. This

alone is a marked change on the Granton trawling-vessels of 1884,

for the newest ships then had only an ice-chamber surrounding a

central compartment in which the fish-boxes were placed. The
smacks from Grimsby and other parts in England, it is true, used

ice in the manner now described in 1884 and previously, but it was
comparatively rare in Scotland at that period. It is necessitated

now by the lengthened voyages to the more distant grounds.

* Mr. Land's.
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During tlie voyage the water wliicli collects from the fishes and the

melted ice is carefully pumped out by a " donkey " engine, so as to

keep the fish-hold dry. The hold will contain about 700 boxes

of fishes^ and great care is taken to keep it pure. In the Granton

General Steam Fishing Company's ships ice is not used during the

winter, for the fishes can be carried fresh to the market by means

of one ship acting as " carrier '^ daily. In the warmer weather, how-

eyer, ice in bags is taken on board each vessel. Few ships at

Granton, indeed, have the compartments for packing the fishes in

ice, with the slips of board for closing them. This shows that the

majority fish in the less distant waters.

In some of the newest vessels the accommodation for all the crew

is in the aft-cabin, the fore part of the vessel being relegated to

the fish-hold and stores. This appears to be a decided improvement

in regard to the maintenance of a cool temperature and pure air

near the fishes, especially when long voyages are undertaken.

Formerly the crew had a fore-cabin, and the captain and mate an

aft-cabin, and in many vessels the same arrangement still occurs.

The engine-room of the newer vessels is better ventilated, and

the arrangements for the working of the engines facilitated. Even

the ventilators are utilised for the hoisting of cinders from the hold

by the aid of a small windlass. Moreover, in one the engine-room

has an entrance from the galley as well as from the side—a con-

venience in stormy weather. A feature in contrasting the ships

at Granton and Leith with those at Aberdeen is the small elevation

of the engine-room above deck in the former.

In some ships the shrouds from the mizzen-mast are fastened to

the deck about a yard from the bulwarks, so as to leave a clear

space for working the trawl. In the larger ships, however, this is not

necessary, the space in rear of the shrouds being sufficient for the

trawl, or shrouds are altogether dispensed with, as in the Montrose

paddle-ships, which have only a foremast.

The galley for the cook is in many under the bridge in front of the

engine-room, or in some in the forecastle peak •* but in the

Montrose paddle-ships it, with the water-tank, is at the side near

the paddle. These also have two tow-rails, one in front of the

cabin for the crew, and one behind the cabin for the captain (aft),

as the vessels are used for towing. A hand-windlass for raising the

anchor is also present.

The average length of the trawl-beam in the best ships is 54

feet, it being found that a longer beam does not work so satis-

factorily or catch so many fishes. At Montrose the beam is 52 feet.

As before, it is composed of two or three pieces of oak or French

* The presence of a water-closet opposite, iu one instance, appears to be objectionable.
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el 111^ tlioiigli occasionally it is in a single piece, and lias a diameter

varying from 10 inclies to a foot. The shape of the iron trawl-

heiul is scarcely altered, the posterior iron plate in a few being

somewhat more abrupt tlian in 1884, thus conforming to the English

typo of trawl. The height of the beam from the ground varies

from -i feet 8 inches to about 4 feet. The " Athole," one of the

General Steain Fishing Company's ships, is at present provided

with an "otter" trawl with gigantic wooden ends abont 12 feet

long by 5 feet broad, which takes the place of the "hammer" of

the pole-trawl described by the Commissioners of 1863,* and which

are simply the much enlarged wooden ends in use in the otter-

trawls in the Forth in 1858. These huge wooden (door-like) ends

have on one side in front two powerful iron bars meeting to form a

V, and supported by two accessory stays, the whole forming a pro-

jecting apparatus to which the chain connected with the warp is

fixed. Towards the rear a perforated iron plate gives passage to

two chains (one from each of the powerful iron bars above mentioned)

for the attachment of the swivel for the trawl-net. The lower edge

of the wooden end is weighted anteriorly with a heavy bar of iron,

which occupies nearly half the length of tlie apparatus. A special

and powerful rectangular frame of wood, with a top snatch-block,

is fixed lit the port-bow and taifrail for hoisting the ends on board

;

and they form a striking feature from a distance, as—with the

boards—thoy project 6 or 7 feet above the bulwarks. The foregoing

trawl is said to capture cod more freely than the beam-trawl, as

many as 20 score having been secured in April. It is, however,

still on its trial, having only been introduced about six months ago.

It was formerly pointed out that, when the iron trawl-head was

dislodged, great difficulty was experienced in repairing it—especially

in rough weather. The new trawls at Aberdeen have a broad band

of iron, which bends round the end of the beam, and on which the

loop of the trawl-head goes. It is secured by an iron pin and safe.

This sheath protects the end of the beam, and must save much time

at sea. At Granton the ends of the trawls are guarded by flat iron

plates, but they do not form a loop over the ends. The trawl-heads

are secured by a pin, as already mentioned. In the finest ships the

length of the trawl-net is about 118 feet, and the arrangement is as

follows :—For the first 56 feet next the beam the mesh of the net is

3 inches from knot to knot ; the next 38 feet has at first a 24-inch

mesh, diminishing to 2 inches towards the posterior end, while

for 24 feet the bag or " cod "-end of the trawl-net has

1 4-inch mesh. At Montrose the trawl-net consists of 44 feet of

3-inch mesh next the beam, thou 44 foot ranging from 2i inches

* lloport. Sea Fisheries of tlie United Kingdom, vol. i, Appendix, p. 3.
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downwards^ wliilc tlic last 14< feet lias 1^-incli mesli. There is thus

no diminution of the mesh at the " cod "-end. Moreover, no

improvement in the shape of a " bonnet " or apparatus for prevent-

ing the compression of the fislios has been found serviceable. The
net has various rubbing pieces of old net and " bass " ropes, and
the usual pockets internally. The ground-rope is variable in com-

position. The majority have this part of the trawl composed of

rope only—an outer layer being wound round a central rope. The
ground-rope of the Montrose ships is of Manilla soaked in tar, 8

inches in circumference, and made up to 13 with others twisted

round; and in the finest ships elsewhere it is 124 foot long. In

some, two pieces of chain are inserted at the ends, thus making
three divisions of the ground-rope, viz. a central, entirely of rope,

and two lateral, with a centre of 18 feet of chain, each being tied

to the other with spun-yarn. Ground-ropes with chain throughout

are not now used. In certain ships the ground-rope has a centre

of wire-rope with a series of wooden rollers, with occasionally hero

and there a pair of metal rollers (12 in all—Gunn^s patent). The
rope is also in three divisions, and costs about £6 10*., or SO*, more

than the ordinaiy form composed only of Manilla ropes. This arrange-

ment is thought at Aberdeen to give an increased catch of fishes

—

sometimes about 5 or 6 baskets more than by the ordinary ground-

rope. In some ships, again, the port and starboard-trawls have

each a different ground-rope ; in the one the rope is all of one piece,

whereas in the other three breaks occur, viz. two of wire and one of

chain. In one ship the ground-rope had only 8 feet of chain at

each end, while the centre had rope. All, however, do not think

that the rollers are so satisfactory as a ground-rope with pieces of

lead in the centre. Moreover, one of the features which contrasts

strongly with the condition in 1884 is the fact that the newest

ships, with the exception of the Montrose vessels, now carry two

trawls—a starboard and port-trawl—complete in all respects. This

arrangement has been in force for at least four or five years, and

probably was introduced from England. At Aberdeen, however,

the second trawl is, as a rule, used as a reserve apparatus, and is

not put into requisition until the first has received damage. I^ho

mode of working the two trawls would tlius appear to dilfer mate-

rially in the respective countries, since, according to an interesting

paper by Mr. W. L. Calderwood,''^" as soon as the contents of the

first trawl are placed on the deck, the second is immediately " shot
"

overboard. The same arrangement has been found at Grimsby by
Mr. Holt, who mentions, however, that the reserve-trawl is shot

while the " cod "-end with its fishes is still hanging from the tackle.

* British Sea Fisheries and Fishing Areas, Scottish Geogr. Mag., Feb. 189i, p. 73,
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The General Steam Company's sliips at Granton (nine in number)

have not varied in regard to the single trawl-beam, but they carry

a second net. Consequently the large snatch-block and rollers occur

on the port-side only. As before, the net is attached to the trawl-

beam by grummet-lashings or by cord. The other parts, comprising

the dandy and bridles (each about 25 fathoms) and the chain for

the former do not differ materially from previous descriptions. The

steel-wire rope is about the same length, viz. 200 to 240 fathoms,

and lasts about ten months. The aluminium trawl-warp does not

seem to have met with favour in Scotland. In some ships it is not,

as formerly, left on deck after the check of wire-rope is fixed to

the mizzen-mast, but carried outside the bulwarks, so as to avoid

accident to the men. Those which, like the Montrose ships, use a

Manilla rope (generally . about 180 fathoms), require a new one

every six months, the old one being utilised in preparing ground-

ropes.

The shooting of the trawl is carried out in a similar manner to

that of 1884, only there are no trawl-davits at the taffrail in the

best Aberdeen ships ; and, instead of the snatch-block then in

general use, more convenient " dandy " scores (snatch or tumbling

blocks), of which Sudron's or Scisson's patent are the best. At
Granton and Montrose the trawl-davits are still in use, with snatch-

blocks on deck. The lid of the block is opened during trawling.

The trawl-warp leaves the drum, passes round a capstan, and out

through rollers, either on the port or starboard-side, according to

the trawl in use. Blocks on the mizzen-mast are still employed to

hoist the stern-end of the trawl, and the foremast has a derrick.

In " shooting " the trawl the ship goes at full speed. When the
" cod "-end of the trawl is unshipped, the mate at the same time

orders the fore-trawl-beam lashings to be freed, and when the beam
is at right angles to the ship the " stopper "-rope is let go, and the

order " ware forward " then sends off the trawl-warp from the drum.

A better arrangement now exists for assisting in unshipping the

heavy trawl-heads, for these rest on a stout wooden platform about

18 inches high, and thus are easily swung over the rail ; and,

besides, the deck is saved from injury. In one or two ships at

Granton larger platforms for the fore-end of the trawl have been
fitted. In a new vessel, indeed, a square of plate-iron has been put

on the deck at the point most injured by the trawl-head. In rough
weather a chain fastens the trawl-head to the nearest iron stanchion

at the bulwarks, and is used in bringing the front trawl-head on
board. In the same way an additional chain at the stern-end is

sometimes useful. In the jMontrose paddle-ships the wheels for

winding the trawl-warp (a Manilla rope) are below, and only the
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capstan is on deck. Tlie latter (capstan) in some trawlers is made
too liigli, and is wrenched out of its fastenings.

The trawl is usually down for five hours on the " Great Fisher

Bank ^' and other grounds, though trawlers working near home
regulate the time rather by the nature of the bottom than anything

else, in some cases spending as much time (three hours) in mending
the net as in trawling on hard ground, or where wrecks and anchors

occur. The trawling period, indeed, on hard ground is about three

hours, on soft ground five hours. When productive ground is

discovered, a " dan," or buoy, with a red or black flag by day, and
a white globe-light, close to the surface, at night, is put in the

water to mark the spot, though it is liable to be carried away by
other ships, and the lamp broken. This buoy has a pole, with

heavy iron bars, at one end, and towards the other about ten flat

pieces of cork, upwards of a foot square. In one or two ships floats

of skin—such as the liners use in herring-fishing, with pole and

flag, were substituted for the cork buoys, or small pieces of cork on

a string. The rate of speed when trawling is, as formerly, about

2-| knots an hour, though on muddy ground a higher rate is some-

times maintained. In sailing, the best ships go about 11 knots. At
night the captain and mate take watch alternately with one of

the crew.

The crews on board the trawling ships remain very much as in

1884, the usual number being eight, though there are only seven in

the Montrose paddle-ships, one of whom is cook. The latter may
be either an old man or an adolescent. Each is furnished in the

newest ships with a life-jacket of cork, and there are besides two

life-buoys on deck. Only two at Aberdeen, the captain and mate,

now have a percentage on the amount of fishes captured. The rest

of the crew have ordinary wages. At Montrose the captain and
two fishermen have a share in the " catch ;

" the rest have wages.

There are seven men on board the ships of the General Steam Fish-

ing Company at Granton, instead of eight as formerly. The per-

centages given to each remain almost as in 1884, a graduated series

running from the " deck-hands " to the captain. The first engineer

gets 5s., and the second 3s. Aid. per ton of fishes.

In 1884 the Granton General Fishing Company^s ships used
" cringles " in transferring, during stormy weather, the fish-boxes

to the '^carrier" for the day. This practice has now been aban-

doned, and the ships either run to quiet water, and place the boxes

on the deck of the " carrier,'^ or they are at once transferred by
boarding. It is during the latter operation that considerable

injuries occur to the bulwarks and rail of the ships, the former

having the stays bent, and the latter being frequently driven in.
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One of tlie newest ships* at Aberdeen is a steel vessel—with a

^ell—for fishing at Iceland and Faroe. It is 103 feet between the

perpendiculars, and 114 feet on deck, 21 feet broad, and 12^ deep.

The well is one of Houston and Mackie's patent fish-wells, and

occupies the entire centre of the ship, the roof of the well sloping

inward about half-way up the side of the ship, and leading to the

hatches—the opening thus being much smaller than the bottom.

The water accordingly will be somewhat steadied during the motion

of the ship, though, as the cod will have a roof to rub against as

well as walls, injuries may readily occur. The water is driven in

during the voyage, rises to the surface of the well, and overflows

by an opening in the side of the ship. A constant current is thus

kept up. A grating at one end (the lower) permits the removal of

refuse from the bottom of the well. While the cod swim freely in

the tank, the halibut are tied, as usual, by the tail to the iron rail

at the margin. The vessel has been specially fitted for the capture

of these by hook and line ; and at present no trawl is aboard,

though such can be shipped at any time, and the newest apparatus

(e. g. steam-winch and Sudron's patent dandy-score) is in readiness.

The foremast has a derrick-boom, and the anchor-winch is worked

by steam. The boat rests on a swivel-stock on the port bow, and

is intended to be used as an accessory well. The cabins for the

crew (viz. captain, two engineers, and nine men) are at the stern,

while in the high bow is a store, and behind a convenient hold for

fixing on the bait (herring). An ice-house, fish-hold, and all the

newest fittings in the engine-room and other parts show the care

that has been bestowed on the construction of the vessel. The con-

sumption of coal is estimated at 3 tons daily.

Similar ships to the foregoing have been employed for some years

at Grimsby for line-fishing in Iceland, but several improvements

have been introduced in the new ship. Moreover, it can also be

used as a trawler when required.

III. The Present State of the Beam-Trawl Fishery in Eelation

TO the Fishing-Grocjnds and the Fishes.

In 1884, under the head of " General Remarks," a careful survey

of the situation of the fisheries in connection with both line-fishing

and trawl-fishing was drawn up.t In reading over these remarks

at the present time the position does not seem to have been mis-

understood ; indeed, there is little at variance with the condition as

now shown by ten years' experiments and observations. Amongst
other remarks it is stated that '' steam-trawlers at present can only

* " Ocean Bride "—Mr. Drummond's.

f Vide Report of the Couimissiouers, pp. 377-380,
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fish profitably within a moderate distance of the land ; and were

the fishes to become so thinned that, with all the skill and energy

shown in managing the ships, the returns proved unsatisfactory,

trawling might voluntarily disappear. There is no reliable evidence,

however, that before such a result would happen irreparable injury

would have been done to the sea-fisheries."

Now, at that time there were in Scotland a total of 61* trawling-

vessels— of which probably about one-half were steamers, the other

half being sailing boats or vessels used for trawling. The exact

numbers cannot be obtained, but there were from 12 to 20 boats used in

trawling at St. Andrew's, 6 to 8 came from Broughty Ferry, 2 or 3

each from St. Monan's and Cellardyke, and others existed in the

Moray Firth. Trawling, indeed, at St. Andrew's was an old custom,

the Buckhaven fishermen having introduced it early in the century,

and subsequently the local fishermen carried it on more or less

regularly, generally trawling in September and October, and in

March and April, though occasionally much longer. The frequent

presence, however, just before the period of the Trawling Com-
mission, of 10 or 12 powerful steam-trawlers to compete with them

on their own ground quite altered the aspect of affairs. The

energy with which the steam-trawlers generally worked—for trawl-

ing went on by night as well as by day, and in weather unsuitable for

the liners—introduced in Scotland a new era into the department.

Fishing was to be carried out no longer by more or less independent

crews, bound together by blood-relationship or other ties, and

whose working hours were largely regulated by the weather and

tides, or their own convenience and necessities. Moreover, their

whole domestic life was interwoven with the time-honoured pursuit.

Their wives and daughters laboriously baited the hooks and arranged

the lines in the baskets for " shooting," they gathered the '' bent

"

grass for separating the layers of the line, and with the sons dug
lob-worms or procured mussels for bait. In the olden time, indeed,

their wives and daughters were likewise their fish-merchants, and

disposed of their captures to the best advantage. Now (1883)

active and powerful vessels, propelled by steam, and thus more or

less independent of the weather—manned by a captain responsible

to owners or their manager, a crew bound together only by dis-

cipline and pay, and whose fishing apparatus required no bait,

appeared on the field. Further, instead of following the pursuit on

grounds familiar to generations before them, the new fishermen not

only ranged over these, but sought new and sometimes more distant

fields. Capitalists took up the question, and fitted out powerful

* The numbers are taken from the Report of the Select Committee of the House of

Commons, 1893, p. 396.
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ships in both Scotland and England, and sent them into Scottish

waters, so that the liners met with most formidable rivals. The

complaints of the line-fishermen at this period (1883) and subse-

quently necessarily attracted much attention, and great sympathy

has always been expressed in regard to their condition, for un-

doubtedly the larger and more regular supply of fishes had a

tendency to diminish prices, and this caused a reduction of income

to the liner, and the fishes on certain of the nearer grounds were

thinned, and perhaps rendered more wary. In the Report of 1884

it was said that " two competitors are in the field instead of one,

and for the liner it may take closer work, even with all the help

improved modern appliances in boats and material can give, to keep

pace with his rival
; " and, further, that it would be a great

calamity if any mishap should befall such a fine race of men

—

hardy, willing, and adventurous. Complete destruction, or, at any

rate, most serious interference with the fishing-grounds, and the

destitution of the fishing population, was then predicted, and many
anxious eyes watched the development of events, since about 45,000

men at least were dependent on the net-and-line-boats of the

country, whereas only a few hundred—perhaps between 200 and

300—were at that time engaged in the trawling industry.

Since 1884 the trawling vessels have steadily increased in number,

so that within the ten years they have been considerably more than

doubled, the returns for 1893 showing that there are no less than

142 vessels and 720 men thus employed,—the total value of vessels,

exclusive of gear, being about £240,737. Or, to go more minutely

into details, of this number 72 are steam-trawlers, having a tonnage

of 2,625 tons, and valued at £237,004, to which has to be added

the fishing gear, £10,746—making a total of £247,750. These

vessels are manned by 544 men. The rest (70) are sailing trawlers,

having a tonnage of 423, and valued at £3,733, while their gear is

estimated at £1 ,332—making a total of £5,065, with 176 men on board.

In addition to the foregoing there were 39 steam-trawlers belonging

to English owners, fishing regularly from Scottish ports, and the

tonnage of which was 959 tons, valued £92,100, and value of gear

£3,850—making a total of £95,950. These had 296 men on board.

The disproportion between the number of men employed and the

cost of the material is chiefly brought out when it is mentioned that for

1892 the liners and net-fishermen were 45,629, while they had
13,865 boats, valued at £680,000. It will thus be seen that, while

the average is about £1,695 for each trawling ship, for the liner it is

about £49. The disproportion, again, in the trawling vessels,

between the first-class and the small sailing-boat, e. g. of the Clyde,

is very great, the former being about £5,000, the latter under £40.
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If the returns of round, flat, and other fishes landed, irrespective

of herrings, sprats, sparlings, and mackerel, which do not pro-

minently bear on the present question, be considered, it is found

that in 1892* the liners brought to shore 1,229,809 cwts. of round

fishes, viz. cod, ling, torsk, saithe, whiting, haddock, and conger,

which realised, at S^'. per cwt., £516,524 ; the trawlers landed

261,200 cwts. at lOs. lid., or £148,062 ; the liners produced 100,228

cwts. of flat-fishes, viz. flounders, plaice, brill, skate, halibut, lemon-

dabs, and turbot, at 10s. 9d. = £53,973 ; the trawlers, 77,649 cwts.

of flat-fishes at 25s. 4(^. = £98,295 ; while of other kinds of fishes,

which include hake, bream, gurnard, cat-fishes, and sillock, the liners

had 61,224 cwts. at 4s. 9^. = £14,646 ; and the trawlers, 41,256 cwts.

at 4.5. 7(i.= £9,410. The total in each case are, for the liners

1,391,261 cwts. and £585,143; for the trawlers 380,105 cwts. and

£250,767.

In glancing at the returns (1892) of the board, which were handed
in by the Chairman to the Select Committee last year, it would
seem that one fish, viz. the green cod or coal-fish, is included both

amongst the round-fishes and the " other kinds of fish,^' in the former

having the name of " saithe " (adult), and in the latter " sillocks
"

(young); but this is not a point of much importance in regard to

the results. As might be expected, the liners, and notably the long-

liners, have the predominance in the round-fishes, especially in

regard to cod, ling, and conger, the latter being apparently seldom

caught in a trawl on the Eastern coast. These large fishes, more-

over, would appear to protect themselves to a considerable extent

from this apparatus, especially when it is in frequent use, so that it

is only in water that is disturbed by gales or by working at night

that they are caught in numbers under these circumstances. Nor is

this surprising, since even a tiny cod, of little more than one-eighth of

an inch, can avoid the forceps intended to capture it. The cod and

saithe are also largely caught by gill-nets on the West coast ; while

the great lines, with hooks baited with herring, are the chief

means of capture used in the case of the conger. Further, it has

to be remembered that the trawlers, both near and distant, as a

rule, throw overboard their small haddocks (8 to 9 and 10 inches),

in both cases because it is not worth their trouble to bring them

to market and pay dues for the trifling sum obtained for them
;

and in the instance of the distant trawler, to avoid, in addition,

the labour of " gutting " and the expense of ice. Yet the liners

bring these to market and they are included in their returns. It

* The full value of the labours of the Royal Commissiou of 1883, and especially of the

late Lord Dalhousie, in establishing a series of proper statistics for the fisheries of Scotland,

cannot be over-estimated.
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is an interesting fact tliat, notwithstanding tlie recent remarks con-

cerning tlie condition of the trawled fislies, that the price of the latter

surpasses that of the former by 2s. lid. per cwt. It is true the

trawler can more readily reach the market with his fishes^ but against

this has to be placed the great number of local fishing-boats which

have only brief distances to traverse, and the fact that the trawlers

who go to distant banks bring fishes "gutted" as well as preserved

in ice, and the appearance of which is not always in their favour.

When the flat-fishes are considered, it is found that though the

liners produced considerably more in weight, yet the price obtained

per cwt. is not half (by Ss. lOd. less) that got by the trawlers, so

that the total value of the flat-fishes procured by the latter is nearly

double that of the former.* Yet we know that halibut are largely

caught by the liners, and that the three-mile limit and the closed

waters in addition are at the disposal of the latter for relays of lines

wherewith to capture plaice, dabs, and flounders. In all j^robability,

however, it is the plaice, the witches, and esiDCcially the lemon-dabs

and the turbot which prove so advantageous to the trawlers.

Of the "other kinds of fish " little need be said except that com-

paratively few hake come into the trawl, whereas the liner perhaps

obtains a larger number ; that while the liner brings the gurnards

to shore and often eats them, they are frequently thrown overboard

by the trawler ; and that the cat-fish (wolf-fish) is caught by both

in considerable numbers, but whereas, in certain trawlers, this fish

is taken to port on the Tuesdays, it is thrown overboard at the end of

the week.

In 1893 the equivalent returns show that the liners' brought to

land 1,136,389 cwts. of round-fishes= £466,399, this being 93,419

cwts. and £50,125 less than last year. The most marked deficiency

has been in haddocks, 69,766 cwts. and £35,092 ; cod, 54,260 cwts.

and £20,661 ; and whiting, 15,381 and £5,741. An increase had

taken place both in line- and trawl-fishing in the other round fishes,

viz. ling, torsk, saithe, and in the conger caught by line. How far

this diminution was due to the unfavourable weather of 1893 is

an open question. It certainly must have had some influence. The
abundance of very small haddocks is another fact to be remembered,

sincemany were notjbrouglit to sliore,and they occupied hooks on which

larger fishes might have been caught. The trawlers landed 309,862

cwts. of round fishes= £178,304, or 48,662 cwts. = £35,242 more than

last year. With regard to flat-fishes, the liners produced 57,149

cwts. =£43,306, or 4,685 cwts. and £48 more than last year; the

* At Moutrosc, for instaucc, the flat-fishes hiiided by trawlers realised nenrly 20*. per

Cwt., while those caught by line produced only 9*. lid. per cwt. But turbot alone was

sold at ^3 Gs. 2d. per cwt., so that the trawlers had the advantage in this respect.
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greatest increase, 5,594 cwts. and £566, having been in halibut, but

these apparently were largely caught in distant waters, such as off

the coast of Norway, Iceland, Faroe, and elsewhere, so that they

confuse the returns fi^om British waters. An increase also exists in

soles (lemon-dabs?) of 50 cwts. and £120. A slight decrease, again,

occurs in flounders, plaice, and brill. The trawlers landed of flat-

fishes 71,024 cwts.= £89,781, a decrease of 604 cwts. and £7,243 on

last year, this decrease being largely due to the deficiency of lemon-

dabs, viz. 6,133 cwts. and £8,448, and a deficiency in turbot of 94

cwts. and £762, while an increase occurred in halibut and a larger

increase in flounders, plaice, and brill, 5,197 cwts, and £1,597.

This year skate form a separate return, which shows that the liners

produced 52,626 cwts. and £10,725, or 4,862 cwts. more than in 1892,

yet with only a trifling excess of income over that year, viz. £9 10s.

—

a result probably due to diminished prices. The trawlers landed

5,383 cwts. = £1,015, or 637 cwts. and £253 less than in 1892. Of
^^ other kinds of fishes" the net fishermen brought 3,517 cwts.=

£891, or 102 cwts. and £731 more than in 1892, while the liners

landed 46,461 cwts.= £10,726, or 11,347 cwts. and £3,160 less than in

1892. The trawlers again caught 39,418 cwts. = £9,215, or 1,838

cwts. and £195 less than in 1892.

The price of the round fishes in 1893 is respectively for the liner

8s. 2^d. per cwt., and the trawler lis. Qd., or a balance of 3s. 3\d.

in favour of the latter, and therefore a higher proportion than in

1892. In regard to flat-fishes the inclusion of skate makes a con-

siderable difference ; thus the average price for flat-fishes, inclusive

of skate, is for the liner 9s. lOd., for the trawler 23s. 9d. per cwt.,

whereas, when the skate are excluded, it is for the liner 15s. 2d.,

for the trawler 25s. Sd. In the former case the trawler receives

no less than 4s. Id., more than double the amount obtained by
the liner; in the latter case the trawler receives 10s. Id.

per cwt. more than the liner. The disproportion in any case

is marked. In connection with prices, however, it has to be

borne in mind that in many cases the liner is compelled to sell his

fishes in remote districts or unfavourable markets, whereas the

trawler takes care to put his fishes into the best market, and in

quantity.

Again, the grand total of all kinds of fishes landed in 1892 was

5,436,138 cwts. If herrings, sprats, sparlings, and mackerel (viz.

3,664,771) are deducted, 1,771,367 cwts. are left, of which 1,391,262

cwts. were caught by liners, and 380,105 cwts. by trawlers, or, in

other words, the liners caught more than three times the quantity

of fishes landed by the trawlers. In 1893 the grand total of all kinds

of fishes notably exceeds that of 1892, and is no less than
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6,208,018 cwts., or 771,880 cwts. more tliaii in 1892. Tlie greater

proportion of this, however, is made np of herrings, viz. 4,486,187

cwts.,—that is to say, a fish which is more or less unprotected at

all stages of its life is apparently able to hold its own against its

destroyers. It is, however, a purely pelagic form, and depends

on the pelagic or floating fauna for its food. If the herrings,

&c., are deducted a balance of 1,721,831, cwts. is left for the liners

and trawlers, being 49,536 cwts. less than in 1892. Of this

1,296,144 cwts. were the produce of the liners (less by 95,118 cwts.

than in 1892), and 425,687 cwts. the quantity landed by trawlers

(45,582 cwts. more than in 1892). While the liners, therefore,

showed a marked diminution in their total, the trawlers showed a

considerable increase.

Wlien the returns, however, of the fishing-boats of all kinds (other

than beam-trawlers) are considered, it is found that there were in

1893, 363 fewer boats and vessels than in 1892, and a decrease of ] ,689

fishermen and boys. This condition of things is sufiicient to account

for a considerable diminution of line-caught fishes, without regarding

the unfavourable weather of the season. Moreover, it has to be

remembered that fishery statistics are far from being complete,

for though the returns show that the quantity of fishes mentioned

has certainly been landed, they do not indicate those fishes which

have been landed and not reported. On the other hand, the

number of the trawlers has increased by two (probably powerful

steam-vessels) and eighteen men during the year.

In 1884 trawling was carried on within a ''^reasonable distance"

of land, so that the paddle-ship could deliver the catches of the

night in time for the market next morning, or the daily " carrier
^'

of the fleet of steam-trawlers from G-ranton, by leaving the fishing-

grounds in the afternoon or evening with the united catch, could

reach that port early next morning. The vessels from the Moray
Firth could land their fresh fishes at Macduff or Aberdeen, and the

vessels from Montrose and Dundee carried fresh fishes to those

towns.

For ten years the trawl-fishery has been prosecuted with vigour,

and it is interesting now to see what areas the ships frequent, and
with what results. To commence with the most northerly, viz.

Aberdeen, at which trawling has made great progress since the

former date (1884), it is found that, whereas the chief supplies

were brought fresh from the adjoining sea by the older paddle-
ships, or from the Moray Firth by the more powerful vessels, the

main supply of the present day comes from the " Great Fisher

Bank " or from Iceland. Instead of the activity displayed in 1884
in the strip of sea from 10 to 20 miles off the coast, between
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Aberdeen and Montrose, only a few vessels are now seen at work
here and tliere in good weather. Fishes are by no means absent

from this area, and at certain times occur in considerable abun-

dance, but the individual catches at other times are limited ; and
on the rough ground 10 or 1 1 miles off, in 33 fathoms, it some-

times happens that, after three hours' trawling, about the same
time has to be spent in mending the net. Yet lemon-dabs and
sail-flukes or '^megrims" (Arnoglossus megastcma) in the deeper

and softer parts, with the larger haddocks and other forms, render

the work there still worthy of attention. If small haddocks brought
fair prices, the work would, indeed, be tolerably remunerative, as

they are at present in very great numbers. The liners work on

the same ground and catch chiefly the latter fishes. There is no
indication that fish-food has been seriously interfered with on this

ground, but, on the contrary, invertebrate life of all kinds is in

great abundance. Moreover, the enormous numbers of pelagic

sand-eels, from 15 to 33 mm. in length, intermingled with swarms
of young flat-fishes, on these grounds, and on which many of the

fishes were feeding in May, is a feature of moment. In 1884 the

captures on the northern part of this area during the summer months
were comparatively limited, and- it was only the advent of the

herring in autumn that caused a notable increase of white fishes.

To-day, at the distance from land just mentioned, each haul in

daylight produces from a basket to a basket and a half of lemon-

dabs, about three-fourths of a basket of large haddocks, and 4 to

5 boxes of small haddocks. At night, a few ling, cat-fishes, and
cod are added to the catch. Few whiting are procured, and the

same feature was occasionally seen in 1884, for the whiting are often

in the upper parts of the water. Very few cuttle-fishes occurred in

May. The "catch " just mentioned is not a heavy one, and is pro-

bably surpassed by other ships, but it at any rate shows that fishes

are still present in considerable numbers. This is further demon-
strated by examining the "catch " of a liner with six men on board,

and which had been at sea about 32 hours, fishing on the 28th and
29th of May, probably from 28 to 30 miles off Aberdeen, viz. 9

boxes of large haddocks, the largest fish reaching the length of 20

inches, the rest smaller (at 24.9. per box), 3^ boxes of small haddocks,

a few cod, dabs, one lemon-dab, and a few whiting—making a total

of about £12 for the six men. In the same market lately the large

haddocks brought 29s. per box, so that the above is probably not an

unusual price.

At the southern end of the ground just mentioned, viz. off

Montrose, a trawler working, three years ago, about 25 miles off, in

August, landed the very high catch of 500 boxes of haddocks in a
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single niglit. At present tlie takes range^ per week, from 100 to

140 boxes of liadclocks and flat-fislies, besides cod, coal-fislies, and

gurnards. Plaice are said to be ratlier scarce, even lemon-dabs

being more abundant. For the niglit of the 29tli May 18 boxes

of haddocks and flat-fish were landed, besides cod and ling. For

each box of good haddocks (7 stones) 16s, were obtained—a much
lower price than in Aberdeen, where, however, the box was heavier

(8 stones or more). The " catch ^' for the night was about a ton in

all. A small liner, with five men on board, which went out between

9 and 10 a.m. on the 29th, landed at 5 p,m, {i.e. in 8 hours)

I box of large, | box of medium, 2 boxes of small haddocks, many
about 9 inches long ; 1 lemon-dab, 2 very fine cod, and 4 codling,

and this though their lines were " shot " in broad daylight. The
fishing-ground was from 8 to 10 miles off. This is a small " catch,"

but the circumstances under which it was made were not favour-

able. There can be no doubt that the entire Eastern coast abounded

with multitudes of small haddocks, and that these have been captured

in immense numbers by both liners and trawlers.

The best trawling ships, which are about 30 in number, at

Aberdeen at present chiefly frequent the Great Fisher Bank, about

200 miles off, and from 30 to • 40 fathoms in depth, it being a

general opinion amongst fishermen that this, and up to 60 fathoms,

is the most favourable depth for their pursuit, for they think that

in deep water (100 to 175 fathoms) they get only conger, halibut,

and skate ; and elsewhere, as off the coast of Portugal, only sharks

are procured at 500 fathoms. Yet the Eev. W. S. Glreen, off the

west coast of Ireland, got '^ witches," ling, haddocks, and conger

at 170 fathoms, and skate and forkbeard at 500 fathoms. On this

ground (Great Fisher Bank), which is about 120 miles from east to

west, and from 60 to 80 miles from north to south (a larger area

than the enclosed region of the Moray Firth), the "catches" of

these trawlers vary from 80 to 180 boxes or more, consisting of

plaice, haddocks, turbot, and other fishes, which are procured in

from 8 to 1 3 days, including the time spent on the voyage. Since

the Moray Firth was closed, these ships, therefore, find it remunera-
tive to undertake this long journey, and bring their fishes preserved
in ice to the market in Aberdeen. They do not seem, however,
to find it so profitable to fish in the waters near the Scottish shore.

In the same way, the powerful ships which proceed to Iceland bring
from 200 to 400 boxes of fishes in about 14 days. The plaice pro-

cured in this region are recognised by the dark spots ; and as

these, the haddocks, cod, and other forms have been " gutted " and
preserved in ice, they do not have so attractive an appearance as

those caught by the liners.
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Besides the areas just mentioned, some trawlers proceed to

Blacksod Bay, oi? County Mayo, on the West coast of Ireland, for

soles and turbot, while in February and March others go to ground

20 to 40 miles off Scarborough, where, perhaps, 20 score of cod

are caught in a night. Some, again, work on the turbot-ground,

from 80 to 90 miles off Aberdeen, and others find on the Dogger
Bank catches of from 18 to 20 boxes of plaice.

When the trawlers from Granton and Leith are considered, it is

found that, notwithstanding the closure of the Forth (for 3 miles

beyond the Island of May), these ships have increased in number,
have been improved in equipment, and have been able to overcome

the difficulties with which they were handicapped—in comparison

with the liners. In the case of the General Steam Fishing Com-
pany's ships, and probably in others, however, very definite instruc-

tions—based on carefully-recorded data, compiled during the last

twelve years— are issued to each ca23tain as to the distance to be

traversed (by the log), and the direction on every occasion. No
haphazard selection of fishing-grounds is made. Thus in December,
besides the ordinary fishes, numerous cuttle-fishes (so valuable for

bait) are procured off the Isle of May. In January, February,

March, and April they work from 5 to 10 miles S.E. of the Isle of

May, viz. more or less on the grounds frequented in 1884. In

March and April the cod are captured, as before, in considerable

numbers as they congregate during the spawning season, and in

the earlier months as they follow the herrings. In June, July,

August, September, October, and November they take to the more
distant grounds off the Forth—about 40 miles B. by N.E.

The opinions somewhat freely expressed by some in 1884 as to

the decline of the trawling industry in the Forth and the adjoining

area—notwithstanding all the advantages of a free area from inshore

to offshore then possessed—do not seem to have been borne out by
further experience. Even with the entire area of the Forth and
St. Andrew's Bay closed, these vessels, now considerably increased

in numbers, have found fishing profitable on the more distant grounds.

They work on a certain area, either by means of a flag-buoy or

otherwise, and strictly in accordance with the instructions given from
headquarters. If the captures are observed to be decreasing, either

from the thinning of the fishes or their being scattered, they change
ground, as, indeed, was very noticeable in 1884, returning after an

interval to the same area, to find that an increase has taken place.

In connection with this filling up of areas over which trawling has

been assiduously carried on, it is an interesting fact that the local

boats—from 12 to 20 or more in number—found for many years

that, on the whole, their best ground in St. Andrew's Bay was a
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line about 2 miles from sliore {" Scoonieliill/' in a line with " tlie

steeples "), and about 4 fatlioms in deptli. Boat after boat trawled

along that line^ wind and weather permitting, for four months of

the year, and sometimes longer, and to the closing day it maintained

its position as the best area for plaice. The same observation has

been made at Brixham, where trawling has been in operation about

a hundred years. It is quite evident, therefore, that other fishes

took the place of those captured, and that this continued month

after month and year after year. The whole question, therefore, in

the larger areas ovitside the 3-mile limit is—Can the supplies from

the neighbouring waters keep pace with the rate of capture now
going on by both liners and trawlers ? These supplies consist of

the growth of the young from eggs on the area itself, and the

immigration of eggs, young, and adults from other areas or the

open water beyond. It is seen that, so far as human observation

can go, the supplies of herrings are as plentiful as formerly, not-

withstanding the absence of restriction and the great waste that

annually takes place in this fishing. On the other hand, it is a matter

of observation that the first hauls of the trawl on virgin ground are

the most successful, and that by-and-by the catch diminishes, and

the same occurs with the liners on their new " banks " or " reefs."

Yet it cannot be said in either case that the fishes have been extir-

pated, but they probably have become more wary as well as

diminished in numbers, and, moreover, they may have changed

their ground, for fishes are constantly roaming. It has to be

remembered that the food-fishes are not altogether confined to the

shallower water in which they are usually followed, but they like-

wise extend into the deeper water beyond. Such deeper water and

unfrequented regions, therefore, form reserves, in which the species

is reproduced, the eggs, young, or adults passing into those areas

in which the food-fishes have been more or less thinned.

The area last mentioned, viz. that off the Forth, is perhaps one

of the most important in Scotland, in^regard to the number and

variety of its fishing-grounds. For the present purpose the area

may be defined as that bounded by a line drawn eastward from

Arbroath on the north, and a similar line from St. Abb's Head on

the south. Between these points the Tay and the Forth pour con-

siderable bodies of fresh water into the sea, while the Eden de-

bouches into St. Andrew's Bay between them. The amount of

microscopic food—both plant and animal—as well as of the smaller

invertebrates which are carried to sea in this area, is very consider-

able, and in all probability is closely related with the richness of

invertebrate life both in the waters and on the bottom. The enor-

mous numbers of pelagic mussels swept from the Tay and the Edeu
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alone form a remarkable feature. It is not surprising, therefore,

that the fishing-grounds in this region still continue fairly prolific,

notwithstanding the increased demands on their resources. In the

same way the Moray Firth is another rich fishing-area on the East

coast, though the rivers entering it are smaller.

The steam-liners and trawlers frequent the more distant grounds,

not because the fishes are absent from the nearer grounds, but

because their " catches," as a rule, far exceed in bulk those obtained

on the latter. While, therefore, the present statistics show no

serious diminution, it may be truly said that the total is kept up only

by the supplies from Iceland, Faroe, and the Great Fisher Bank.

But the nearer grounds would have produced a considerable supply

if they had been perseveringly worked ; and it cannot be doubted

that they contained, at any rate, an immense number of small

haddocks.* Moreover, these small haddocks had migrated from

the distant waters, for it is a remarkable fact that, so far as ascer-

tained, no great shoals of very small haddocks [i. e. less than

8 inches) have been encountered in inshore waters. The life-

history of the haddock, indeed, between its post-larval condition and

the adolescent stage of between 2 and 3 inches, is still com-

paratively unknown. Before the appearance of these hordes of

small haddocks, it was generally asserted that the haddock had
been more or less extirpated ; hence the necessity for caution in

dealing with such subjects. Again the question as to the complete-

ness of the statistics of fishes caught round the Scottish shores has

to be considered, and there are some who think much improvement

is required in this direction. Indeed, the only satisfactory method
would be for every liner, trawler, net-, crab-, or other fisherman to

hand to the official on reaching the port a slip stating the amount
and kind of the " catch," and the ground on which it was made, as

indicated in the Trawling Report of 1884. Taking all these circum-

stances into consideration, therefore, there is no reason for despairing

of the fisheries, especially when the enormous powers of reproduction

of the round and flat-fishes, their transparent, floating eggs, and

the vastness of the medium which encircles our shores are remem-
bered.

The condition of the inshore waters (within the 3-mile limit) has

elsewhere been dealt with,-}- and will again form the subject of future

remarks. All that need be said at present is that, so far as can be

ascertained, it would not appear that the closure of the inshore waters

* All idea of the numbers of these may be given by stating that a trawler brought on

board, in two hauls, about ten tons of small haddocks, which were, however, freed. Many
were probably killed.

t A Brief Sketch of the Scottish Fisheries, 1882-92, p. 6.
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has made any marked increase in tlie fishes of the offshore waters^

yet the younger fishes have now had time to pass outward and become

mature ; nor have the larger fishes been driven shorewards by the

more frequent interference with the more distant areas. No change,

however, could be expected if the scarcity were due to general over-

fishing.

[To he continued.)
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NOTES AND MEMOEANDA.

Virgularia mirabilis.—The following letter lias been received from

Mr. W. P. Marshall :—I return you herewith the Eddystone speci-

men of Virgularia mirabilis that you lent to my late son and

myself when we were at the Plymouth Biological Station, and am
very sorry that the investigation we were engaged upon was not

sufficiently worked out before his death for the report to be given

upon this specimen.

The point under consideration was the development of the

polyps in the early stages of growth of the colony, on which valu-

able information was given by this Eddystone specimen, which led

us to a further examination of the younger specimens that had

been obtained in the Oban dredging by the Birmingham Natural

History Society.

The general result was as follows. In the adult specimens there

are in the most matured portion

—

8 polyjos per leaf (or group).

7| polyps per inch pitch of leaves (or 7^ leaves in each inch

length of specimen).

In the Eddystone specimen there are

—

8 polyps per leaf in the lower portion.

4 „ „ in greater portion of length.

16 „ per inch pitch at the lower end.

10 „ „ „ at the upper end.

And the appearance of the specimen suggests that it is at the stage

when the fourth polyp begins forming.

In the Oban young specimens there are

—

3 polyps per leaf throughout in 3 specimens.

4 „ „ „ 4 specimens.

These correspond closely with the Eddystone specimen in the

number of polyps per leaf, but there is a wide difference as re-

gards the pitch of the leaves, namely (Oban specimens)

—

56 to 96 pitch with 3 polyps per leaf.

64 to 75 „ „ 4 „

The adult Oban specimens have a general pitch of about 48 at

the lower end, and the pitch 16 at the lower end of the Eddystone

young specimen is so exceptional as to suggest another species or

variety.

NEW SERIES. VOL. Ill, NO. IV. 27
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The English Channel is not a recorded habitat for Yirgularia so

far as we know^ except for this Eddystone specimen and a smaller

fragment obtained off Falmouth in a former dredging excursion of

the Birmingham Society in 1879.

Coryphella smaragdina.—On Friday, May 11th, a small Eolid

was dredged near the Asia buoy. On subsequent examination

it proved to be Coryphella smaragdina, A. & H. Alder and Han-
cock described the species from a single specimen found at Whitley,

in Northumberland. It is also found in the Mediterranean. It

is, therefore, curious that the species has hitherto never been found

at Plymouth. The body of the specimen is about half an inch long

and pure white in colour, the tentacles are equal in length, and the

anterior angles of the foot are produced out into two tentacular-like

processes. The branchiee are disposed in five transverse bands, and
are a vivid green in colour. Though the specimen has been nearly

a fortnight in spirit the green is as bright as when the animal was
alive. Alder and Hancock in their description of the species

mention that they found it on the common Fucus vesiciilosus. They
go on to say that '' this position was most likely accidental ; at least,

it must not be taken as a proof that this species is less carnivorous

than its congeners." The Plymouth specimen was found crawling

on a stone amongst a mass of Hydroids, so that Alder and Hancock^s

surmise is fully borne out.—J. C. Sdmner.
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Introductory.

It will be within the recollection not only of the comparatively

small section of the community which is consciously interested in

fishery matters^ but of all those whom a sense of public dvity or a

lack of other occupation compels to some acquaintance with the

current topics of the day^ that the question of the deterioration of

our sea fisheries commenced some few years back to assume some-

thing approaching to prominence. One of the earlier indications

of the importance with which the question was invested^ in the

minds of those principally concerned, was the formation, in 1882, by
a number of fish merchants, smack-owners, and others, of the

National Sea Fisheries Protection Association,—a title which may
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well be forgiven for its length, in consideration of the happy augury

it holds out of the enduring nature of the Association's services to

one of our most deserving industries.

The Association endeavoured to ascertain not only the extent of

the evil with which it had set itself to battle, but also the best

means of holding it in check, by adopting the method of summoning

annual conferences, to which were invited fish merchants, smack-

owners, and fishermen from all parts of the coast, members of Par-

liament, and other guardians of the interests of the nation, and even

representatives of such scientific bodies as endeavour to cultivate an

acquaintance with matters marine. Subjects were selected for dis-

cussion and votes taken, which latter would perhaps have been

more representative had not the power of voting been confined to

members of the Association.

Every student of matters social is well aware that a Conference

is usually prolific only to the third generation. It begets a Reso-

lution, the offspring of which, adhering to the strictly discontinuous

type of variation, is a Deputation. A deputation has been described

as a " noun of multitude, which signifies many but does not signify

much ;" and the unanimity with which the sufficiency of this defini-

tion is accepted by those in ofl&ce, of whatever shade of politics, is

alone suflficient to prove that " great minds think alike."

It is not surprising that the conferences with which we are

dealing achieved, for several years, only the usual result, or want

of it, since it cannot be expected that any parliament will lightly

undertake legislation when the bulk of its members only profess

such acquaintance with its subject as for once is actually some-

what akin to that which they possess ; while, strange as it may
possibly appear to less enlightened nations, the principal kingdom
in the Union has no department capable of dealing with the

matter by minor methods, though in Scotland there is a Fishery

Board, and in Ireland a Fishery Office, entrusted with very con-

siderable powers within the limits of their respective countries."^

The conferences, however, cannot be said to have been wholly

without result, since in 1893 a Parliamentary Committee was ap-

pointed to hear evidence and furnish a report. On this report the

hopes or fears of those interested are at present centred, according

to the light in which they regard the recommendations it contains.

So far my remarks have only, and in the briefest possible manner,

dealt with the attempts made by the N. S. F. P. Association, as

representative of the fish trade, to induce the Government to take

* Somewhat similar powers are possessed by District Fisheries Committees of the County
Councils in England, but each Council is independent of the others and, practically, of

any central authority.
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steps to check tlie evil of which, complaints were made, but other

action was being taken in the meanwhile. The Marine Biological

Association, although its activity is in the main directed to the

prosecution of what would generally be termed strictly scientific

pursuits, has always given prominence to the study of those

organisms which are of importance to our fisheries. Thus, even

before the Laboratory was completed, my colleague, Mr. Cunningham,

had commenced his studies of the development and life-histories of

the fishes which form the object of the fishing industry of Plymouth

and the neighbouring coast—studies which have been continued

without intermittence down to the present time. I allude only to

those investigations which have a practical bearing such as appeals

at once to the intelligence of every one, though it may be claimed

with perfect truth that there is no item of marine biology that has

not its economic importance directly or indirectly, in that due apjDre-

ciation of the conditions of marine life without which no rational

treatment of fishery questions can ever be attempted.

As may be supposed, the agitation in connection with the alleged

deterioration of the fisheries came early under the notice of the

Council. Complaints of the scarcity of fish, and of the injury

inflicted by certain methods of fishing other than those used by
plaintiffs, are matters of immemorial antiquity, but the present

agitation was distinctly original in character. It had its origin, as

usual, amongst those interested in one particular method of fishing,

viz. trawling ; but it differed from all other known fishery grievances

in that the complaints of the trawlers, and of those who dealt in

trawl-fish, were directed, not against some other body of fishermen,

but against themselves.

The trawler, of course, has long been the recognised piscatorial

scapegoat, reviled by the inshore line-fisherman with an energy

which is usually in inverse ratio to that with which he pursues his

own calling, and condemned with scant ceremony by the amateur
'^ naturalist " and the public at large. But on this occasion, as I

have said, the trawler was his own accuser, and it must be noted

that the agitation originated with, and was practically confined to,

the ports of Grrimsby and Hull, the two greatest trawling centres of

the North Sea, which is, of course, by far the most important

trawling district. Other trawling communities, if aware that they

were doing excessive damage, at all events did not consider that the

remedy lay beyond their own powers.

An agitation conducted by one class against another obviously

invites the suspicion that it is based chiefly on motives of self-

interest, without any particular regard for the welfare of the com-

munity at large ; but in a case like the present, though self-interest
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may reasonably be inferred to be the motive of inception, there

would seem to be a much greater chance than usual that the object

desired is for the general benefit as well as for that of the agitators.

Still, however strongly the genuine nature of an agitation may
appear to be warranted by the probabilities of the case, common
prudence demands that it should be supported by the most exact

evidence of which the circumstances permit ; and especially is this

the case in fishery affairs, since experience has taught us that the

ignorance of the fisherman of the most elementary features in the

natural history of the organisms on which he depends, often leads

him to set forth as fact, matter which is by no means capable of

that denomination.

Moreover, granted that the complaints prove to be well founded,

it will be conceded that remedial measures beneficial to the whole

community have their best chance of origin in investigations con-

ducted from a standpoint altogether independent of any trade

interest whatsoever.

On these accounts it appeared to the Council of the Marine

Biological Association that here was an investigation in which

the means at the disposal of the Association could be most usefully

employed, and no time was lost in instituting a series of inquiries

as to the alleged desti-uction of immature fish by beam-trawling

in the North Sea, and the best means of checking such destruction,

if it should be found to exist on a serious scale.

These inquiries the Council was good enough to place in my
charge, and for three years, according to my ability and oppor-

tunities, I have laboured to collect whatever information seemed to

bear on the case. My headquarters were at Grimsby, where the

Association, by arrangement with a local Society, secured a small

laboratory, fitted with tanks and other conveniences, for my use.

From time to time I have communicated the result of my inquiries,

either in the form of articles in the Association's Journal, reports

to the Council, or evidence before the Parliamentary Committee.

At the end of three years the object of the investigations may be

said to have been accomplished, since sufiicient evidence has been

collected to allow us to form a fairly reliable opinion on the question,

and the investigations have accordingly been closed so far as this

particular matter is concerned.

Of course an important fishery like that of the North Sea will

always afi^ord abundant scope for the activity of the scientific in-

quirer, but no new question of paramount importance has as yet

arisen, nor, indeed, is the old one by any means settled. Still we have

at our disposal all the material necessary for dealing with it in a

rational way, should such a proceeding ever commend itself to our
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legislators. I have indicated the various channels through which
my information and views have already been communicated to the

public ; and, on closing the inquiries, I have been requested by the

Council to draw up a brief epitome of the results arrived at, so that

they may be presented to the public in a concrete form.

To do this is the object of the present paper, which is designed
for a section of the public much more extensive than that which is

in the habit of concerning itself with the literature of professional

fishery. It is too much to hope that I may be able to invest my
remarks with any interest not indissolubly connected with the

subject itself, since facts are at best dry reading, and the habits of

the scientific writer are not such as to pre-eminently qualify him
for the lighter graces of popular penmanship.

A few words are necessary as to the arrangement of my material.

The complaints of the trawlers and fish merchants resolved them-

selves into the following brief statement :—That large numbers of

immature fish were destroyed by trawling, and that the supply of

trawl-fish in the North Sea was in consequence diminishing. The
fish especially referred to were flat-fish, the question of round-fish

being considered of secondary importance. It was evident that, as

to the diminution of the supply, I could not hope to obtain any
absolute evidence of my own. Whatever information was deducible

from the Board of Trade statistics was open to every one, and those

statistics hardly went far enough back to be of much value, and
were, and are, altogether insufiicient in detail, I had, therefore, to

depend, in forming an opinion, entirely on the reminiscences of

fishermen, eked out in a few cases by the books of smack-owners.

Any details of information under the last heading I am neither at

liberty nor in the position to publish, and I must dismiss this

branch of the inquiry with the assertion, whatever it may be worth,

that I hold the opinion that there has been a considerable deteriora-

tion in the supply of the more valuable kinds of flat-fish. In the

case of haddocks I am not convinced that the deterioration has

been considerable. Such statistical work as I have carried on since

I went to Grimsby will be referred to in due course.

With regard to the alleged destruction of immature fish, the

first point to ascertain was the correct definition of the term im-

mature ; and then to find out where, and to what extent, the alleged

destruction took place. This involved an examination of the dif-

ferent grounds, with the collection of all possible information as to

their previous history.

Inseparably related to the whole question is the condition of the
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trawl-fishery as a whole, the methods by which it is conducted, and

the conditions of the trawlers' life. Not only the deep-sea

fisheries, but all minor industries which could in any way affect

the question, demanded inquiry, and in the succeeding chapters I

shall endeavour to deal with these several matters.
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PART I.

Chap. I.

—

The North Sea Fisheries.

In addition to trawling, with wliicli we are here almost exclusively

concerned, the North Sea furnishes scope to a number of other

branches of the fishing industry. Of these, line-fishing and drift-

netting are the most important ; oyster-dredging is a considerable

deep-sea industry, and whelking may almost be included in the same
category. The remaining branches, such as crabbing, lobster-potting,

shrimping, and seining, are carried on in the more or less immediate

neighbourhood of the coast. We are concerned with none of these

except in so far as they may be shown to affect, or be affected by,

trawling.

The North Sea fishery, if the apparent paradox may be pardoned,

is by no means confined to the North Sea itself, since it is impos-

sible to leave out of consideration the fishing operations of vessels

belonging to, and regularly landing their fish at. North Sea ports.

Many of these, chiefly liners, derive the bulk of their fish from

grounds which lie altogether outside the limits of the North Sea,

The Orkney, Shetland, and Faroe Islands, Eockall and Iceland,

are all extensively worked by North Sea codmen, and the last-named

district to some extent by trawlers also ; the fish from these grounds

pass through the North Sea markets, and are not discriminated in

any Government returns from those caught in the North Sea,

A certain number of boats belonging to North Sea ports are

engaged in fishing operations on the west coast of England and
elsewhere, but, for the time being, they land their fish on the west

coast, and so may be considered to cease to belong to the North Sea
fishery. Drift-net boats—at least those which are worked the whole

year round—may be said to be nomadic, making their headquarters

in whatever district the fish may be at the different times of the

year.

Fisheries of various kinds are carried on all along the east coast

of Scotland, and these must of course be held to belong to the

North Sea group. The bulk of the line-fishing, however, is done

close to the ports to which the vessels belong ; and even the trawlers.
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whicli are by law excluded not only from tlie territorial waters, but

also from some grounds which can hardly be said to lie within the

territorial limit at all, take very little part in fishing the grounds

frequented by vessels from the east coast of England. An occasional

Scotch steam-trawler may be found fishing the southern part of the

North Sea, and landing her fish at an English port, but otherwise

the industries of the two nations do not seem to commingle much.

Consequently I do not think it would be profitable to enter here

into a discussion of the Scotch trawl-fishery, even if I possessed any

special qualification for the task.

The trawling industry of the east coast of England centres itself

at various points along the coast, which are roughly divisible into a

northern and southern group. The northern group comprises Grimsby

and Hull, and several ports of minor importance, while Lowestoft

and Yarmouth are the chief centres of the southern group. At
certain seasons of the year, vessels from all ports may be found on

the same grounds ; but, speaking generally, those of the northern

group are occupied on more northerly grounds than the rest.

The relative importance of the different trawling ports may be

judged from the subjoined list of the numbers of boats owned and

resorting to each. The figures, however, have at best only an ap-

proximate value, since of the total number of boats belonging to, say

Grimsby, there is nothing to show how many may have been

employed away from the North Sea, and for how long', during any

one year. Again, in the number of boats resorting to a port, the-

statisticians of the Board of Trade (from whose returns this column

has been taken), if they possess any information as to how often

boats belonging to other places visited the port in question in the

course of the year, do not take the public into their confidence. It

appears to be the peculiar function of the Fisheries Department of

the Board of Trade to formulate statistics which shall be just suf-

ficiently complete to bring into strong relief the importance of what
is omitted from them.

The preponderance of Grimsby as a fishing port is entirely inde-

pendent of the drift-net fishery, since it sends not a single vessel to

that industry. It rests almost entirely on the deep-sea trawl and
line fisheries, although a certain number of its first-class vessels are

engaged in deep-sea oyster dredging and whelking. Hull, though
owning a less number of vessels than Yarmouth or Lowestoft, is

only second to Grimsby in the trawl and line fisheries, since the whole
of its fleet is devoted to these industries, and its large fleet of steam
trawlers much more than compensates for its inferiority to southern

ports in the number of its sailing trawlers.

The conditions under which the deep-sea trawl-fishery is carried
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Table showing the number of first-class Trawling Vessels owned (i) and
engaged (ii) at the chief ^orts on the East Coast of England.
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out at the different ports differ, so far as I can learn, chiefly in

regard to the grounds affected, and in regard to certain market

customs and requirements with which we are not here much
concerned. My own knowledge of the deep-sea work is derived

almost entirely from Grimsby, so that any remarks I have to make
must be taken as applying to that port, unless special mention is

made of another, 1 do not know of any particulars in which the

Hull fishery differs from that of Grimsby ; the boats seem to work
precisely the same ground, and are of the same build and average

tonnage. Much of the Scarborough trawling fleet is more or less

constantly employed at Grrimsby, and steamers from the more

northern ports are at least frequent visitors.

The fine fleet of steamers owned in Boston appears to be engaged

in the same operations as those from Grrimsby and Hull. I cannot

claim much special knowledge of the boats belonging to southern

ports, but I believe that the necessarily scanty nature of the account

which I give of them is of little importance, owing to the absolute

preponderance of Grimsby and Hull in the North Sea trawl-fishery

as a whole.

Besides the deep-sea fisheries, in which we may include trawling,

lining, and drift-netting, and, at Grimsby, oyster-dredging and

whelking, there are a certain number of men at most of the larger

ports engaged in longshore work of one sort or another, such as

shrimping, prawning, crabbing, seining, whelking, stake-netting,

inshore line-fishing and trawling, &c. &c. With some of these we
shall have to deal in a later chapter.

The regular prosecution of the deep-sea fisheries may be said to

be confined to such large centres as our remarks have hitherto dealt

with. Such centres have, no doubt, attained their present import-

ance in virtue of physical conditions which have lent themselves

to the development of the fishery on a large scale, bnt there exist,

of course, a great number of smaller communities.

In fact, wherever the nature of the coast permits of the launching

of a boat of any sort, there will be found a race of fishermen engaged

in such operations as the harbour or beaching accommodation and the

resources of the adjacent grounds permit.

But the conditions of these small communities are altogether

different from those of the larger centres. Their importance, in fact,

may be said to be purely local, and the share which they bear in the

production of the general food-supply of the nation is so insignificant

that the extinction of any one of them as a fishing community would
hardly be felt outside the limits of the parish. It needs, however,

no argument to demonstrate that their welfare is none the less im-

portant on this account ; and I believe that for many years the



OF THE GRIMSBY TRAWL FISHERY. 349

recently constituted District Fisheries Committees will find the most

profitable outlet for their legislative energy in safeguarding the true

interests of these smaller communities, while they are fitting them-

selves for the much more difficult task of coping with the problems

in connection with the greater fisheries.

Apart from the question of its production, a small fishing*

community differs essentially from the larger ones in what may
be termed the social conditions of the industry. In many cases—in

fact, in most—the men are fishermen by heredity, and every member
of the family assists in the trade to the best of his or her ability.

For generations the men have been fishermen, intermarrying almost

entirely amongst families engaged in the same occupation, and it

seems quite possible that it will be some time before those twin

reformers, the board school and the penny novelette, will succeed in

seducing any considerable proportion of the race to pursuits which
may appear to offer greater profits at less outlay of work and hardi-

hood. In these small communities there is hardly such a thing as

specialisation in fishery ; every man is acquainted with, and practises

in due season, every mode of fishing which is possible to him, and
freqviently ekes out his subsistence by farming on a very small

scale.

There are among them no fishing companies, not even smack-

owners on a large scale, but each man either owns his own boat,

or at least stands in a much more familiar relationship to the owner
than is the case in the larger communities.

My own acquaintance with the small fishing centres is confined

to those on the coast of Yorkshire, and among them we find repre-

sented almost all stages in the evolution of a modern fishery. Some
appear to have retained unchanged the condition which must have
been ancestral to that of nearly all the large stations. Others are

perhaps in a state of transition. I include Scarborough among the

larger centres, in virtue of the number of first-class vessels which

are owned at, if not by any means constantly worked from, that

port, but it presents certain peculiarities of interest. The develop-

ment of the fishery, due to the introduction of trawling-, has by no
means swamped the inshore fisheries; while the limitations of the

accommodation for large vessels, and the competition of other centres

possessing better harbours and greater railway facilities, appear to

have put a term to much further progress in the deep-sea industry.

At the same time the protection afforded to the inshore men by the

District Committee's regulations appears to be materially improving

their welfare, and may tend to bring about something of a reversion

to the more primitive condition.

The important part which the introduction of trawling has played
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in the modification of the fishing industry of communities which were

originally devoted to longshore and drift-net pursuits, cannot be better

illustrated than it is in an account which my friend Mr. T. N. T. Potts

has given me of the Sunderland fishery during the period covered

by his own memory. It is reproduced at length in a succeeding

chapter (p. 367).

In the smaller fishing stations, where no sufficient harbour or

beaching accommodation exists, it follows that there are no large

fishing vessels. Such may be owned and manned by the men of a

small station, but of necessity they frequent some port with a suit-

able harbour. The work is chiefly carried on in small open boats,

cobles and whalers, which can be beached without much difficulty.

The nature of the fishing varies with the time of year. In the

spring and early summer the manipulation of crab-pots will

occupy the bulk of the community; later in the year the herring

make their appearance, and promptly receive due attention. For

their capture either the small open boats are used, or larger

decked boats which spend the rest of the year high and dry on

the beach, or, at Whitby, far up the river.

The herring season (or in the south the crabbing season) over,

recourse is had to line-fishing, chiefly for cod and haddock, and the

question of bait at once becomes of importance. If a productive

mussel-bed exists within a reasonable distance, cargoes are brought

and re-sown by the larger vessels before the latter are laid up,

and from time to time the supply is renewed,—by the cobles, if

weather permits ; if not, by rail. Where the coast is rocky, " flithers
"

(limpets) are collected, as required or available. Lugworms are

highly prized, but are comparatively little used, as few are obtainable

at any place where an inshore line-fishery is carried on, and their

perishable nature has so far militated against their dispatch from

the IIu.mber estuary, where they swarm unmolested in countless

thousands. On the sandy part of the Yorkshire coast south of

Flamborough the chief bait supply appears to be whelks, obtained

by " potting -j" but other bait, such as squid, herring, and mussels, is

imported.

It need hardly be remarked that the conditions, social and other-

wise, under which the deep-sea fisheries are carried on from large

ports, such as Grimsby and Hull, are altogether different from

those which obtain among the small inshore communities with which

we have just been dealing. Deep-sea fishing, involving prolonged

absence from port in every possible kind of weather, can only be

carried on in decked vessels of considerable size, and manned by a

number of skilled hands ; and we find the fisherman, instead of

being owner or part owner of the boat in which he fishes, is usually
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a hired servant, receiving a regular wage, and interested to no con-

siderable extent in the pecuniary success of his fishing operations. In

some cases, which are becoming, I am told, fewer in number every

year, the skipper is also the owner of his vessel,—either actually so,

or, much more frequently, owner only in name and on sufferance of

the mortgagees. By far the greater number of vessels, however, are

in the hands of companies or large private owners, and the hands
engaged in working them are simply the servants of the owner.

The method or rate of payment differs according to the rank of the

hand. Thus the master or skipper, and the mate or " second

hand," are paid in shares of " clear money " or the profits, and are

held responsible in corresponding shares of the expense if the

vessel is worked at a loss. In the case of a steam-trawler the ex-

penses reckoned in estimating the clear mone}^ are coal, engine-

room expenses, ice, and men's food, and 5 per cent, on the price

obtained for the catch. After these items have been deducted from
the gross receipts of the voyage the skipper gets " one share, and
one quarter and one half-quarter " of the balance, which is divided

into fourteen shares. The mate, or second hand, takes one share

and one eighth. Both skipper and mate pay for their food, pro-

vided at retail j)rices from the company's stores by the steward.

The " third hand" and the " deck hands" are paid a fixed salary,

are provided with food by the owners, and are also, in common with

the apprentices, allowed to make what money they can by the sale

of " stocker bait," a term which formerly included a number of the

less valuable kinds of fish. Some years since the owners, finding

a decrease in their profits, and noting, no doubt, a rise in the price of

fish which had previouslybeen hardly saleable, came to an arrangement
with the men by which the latter surrendered their rights to the
" stocker " and received an increase of pay, which was supposed to

compensate them for the loss. They have, however, retained the

right of selling fish-livers for their own profit. The livers are

stored in ordinary petroleum casks, and sold to oil refiners at ten

shilling's per cask. As may be imagined, it takes the livers of a

considerable number of fish to fill a cask, even when liberally

adulterated with sea-anemones [Actinoloha dianthus), so that the

profits accruing are not excessive. I have known instances in which
the men have been allowed to sell such fish as gurnards and rays

for their own profit, but I believe that the owner is strictly within

his rights in laying claim to everything that comes on deck. It

will hardly be credited, perhaps, that within the memory of living

fishermen, haddocks were a perquisite of the apprentices !

In a steam-vessel the engineers receive a fixed wage, and have
no interest whatever in the catch. The coal-trimmer is usually an
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apprentice ; liis duties are by no means confined to trimming coal,

and lie receives liis share of the " stocker/' besides many attentions

from the su^Dorior members of the crew, with which he would pro-

bably be glad to dispense. Line-fishermen, besides their regular

pay^ receive a certain sum per head of fish, but this is not the case

with trawlers. In all cases the owner finds everything in connection

with the equipment of the vessel, and provides a steward or cook,

who is paid a fixed wage. The remainder of the crew are paid

weekly wages, and are supplied with food by the owners.

The skipper of a steam codman receives 9 per cent, of the " clear

money. ^' The mate gets £1 per week, and Sd. in the pound on the

clear money ; deck men £1 per week and 2d. in the pound on the

clear money. The engineers get respectively £2 5.s. and £1 15s.

and their food while at sea, but take no share of the catch.

Now the conditions of service, which I have endeavoured to sketch,

obviously involve a social atmosphere very dilferent from that which

one encounters in the small communities of inshore fishermen.

The duties of the deep-sea man commence when he goes on

board his ship ; and when he has landed the fish and cleaned the

vessel his interest in her ceases until she starts on her next trip. In

consequence his family, if he possess one, takes no sort of share in

the fishery. Again, the large size of the vessels and gear employed

in the deep-sea fisheries involves a considerable intricacy in the tech-

nique of fishing operations, and thus to a great extent the men become

specialists either in trawling or lining : some adaptive geniuses of

course there are, but as a rule a man is either a trawler or a liner,

and not both, and the members of these two branches of the

profession appear to have surprisingly little intercourse with each

other. But if there is not much intercourse, neither is there much
friction, and you shall hear from ten inshore line-fishermen more

abuse of trawlers in ten minutes than you shall hear from a

hundred deep-sea liners in a year. The fact appears to be that the

social conditions of the larger communities, if not very obviously

conducive to the higher graces of manners and speech, at any rate

tend to evolve an independence and self-reliance which are not

always as evident among the inshore men as they might be.

It has often been suggested to me by persons well acquainted

with the district that the conversion, for part of the year, of some of the

smaller fishing centres into watering-places has had rather a demoralis-

ing effect on the fishermen. The prospect of being able to make a good

deal of money by pleasure-boating in the season is said to make the

men rather careless of the fishing, and it can be well understood that a

fisher-lad is not likely to attain to great skill in his profession if he

employs a large part of his time in other pursuits. Indiscriminate
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cliarity is also said to liave had a bad effect ; and, indeed, it can

hardly conduce to a man^s independence to have benevolent old

women advertising for his relief !

The deep-sea fishing is not entirely confined to trawling and lining,

though these pursuits occupy by far the largest proportion of the

Grimsby fishermen. In addition, a certain number of smacks are

engaged in deep-sea oyster dredging, and there is a considerable

fleet of " whelkers.^' Judged by Hull and Grrimsby standards, the

boats engaged in whelking are comparatively small, but since they

remain at sea for prolonged periods they may conveniently be classed

among the deep-sea craft ; they are all sailing-vessels, as are also

the larger boats engaged in oyster-dredging. Lining and trawling

are carried on both by smacks and steam-vessels. The former are

nearly all first-class vessels, varying from 95 to about 60 tons

(displacement measu.rement), though there are a few liners of

small size. The steam-vessels do not differ from each other

greatly in dimensions, but they are still undergoing a process of evo-

lution. The present fleet includes a few which are simply smacks

into which engines have been put, while the rest have been laid down
as steam-vessels, and exhibit various stages of improvement according

to their age. The very newest departure is the adaptation of the

petroleum engine to fishing purposes, an enterprise which has yet to

stand the test of experience, but which seems to have all the elements

which should conduce to a successful issue. Steam is not utilised in

fishing purposes for motive power alone, since even the sailing

trawlers are fitted with a small engine for heaving up the trawl and

hoisting the sails. The lining vessels have no use for steam except

as motive power, since, as the long-lines are hauled by the ship's

boat, no adaptation of steam-power to an " iron man " is practicable.

These vessels are of course fitted with a well, while trawlers have an

ice-room and fish-hold. At least one steam-vessel, the S.S.

' Aquarius ' of Grimsby, has a compartment which can be filled

with water as a well for lining purposes, or pumped dry to serve as

a fish-hold, and can therefore be utilised for either branch of the

industry. In the majority of lining vessels there is no means of

closing the apertures by which the water is admitted to the well, an

obvious disadvantage when it is necessary to bring the vessel a con-

siderable distance up an estuary or into a harbour, where the low

specific gravity and general impurity of the water are prejudicial to

the living freight. If the well is fitted with valves, good water can

be brought in from the open sea, but there is a disadvantage on

this side also, since, if the ship has to lie in dock some hours before

unloading, the water stagnates and the fish are asphyxiated. The
leading spirits of the fishing community have, however, proved
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equal to the emergency by devising an air-circulation. The device

has been arrived at, I believe, quite independently, although the

principle of an air-circulation has long been familiar to those interested

in aquaria, and we have here an instance of a case in which the

" practical ^' man might have saved himself much expenditure of

ingenuity by a little attention to what is being done by his scientific

brethren. It may be urged, perhaps, with equal truth that the

biologist should have perceived the opportunity of an economic im-

provement, and I have to confess that the idea of adapting an air-

circulation to a ship's well did not occur to me until last spring,

when I had occasion to fit such a circulation to the Cleethorpes tanks.

On communicating my ideas to a smack-owner I found that he was at

that time actually engaged in patenting an apparatus essentially

similar, but devised entirely by himself and friends.

The preceding remarks will perhaps suffice for our purpose,

without entering into a long technical description of the various

classes of fishing vessel. Indeed, such is hardly necessary, as Pro-

fessor Mcintosh has recently published in the Association's Journal

a detailed account of Scotch steam-trawling A^essels, and the later

types of these agree with the Grimsby boats in all essential details.

It may be remarked, however, that a deck-house is confined to

Aberdeen boats, and no English trawlers that I know of carry an

otter-trawl.

Grrimsby steam-trawlers are divided into two classes. Those

ranging from 35 to 40 tons nett register are spoken of as " inshore "

boats, though it must not be supposed they work what are, strictly

speaking, inshore grounds. These boats carry a 50-foot beam-trawl

and 200 fathoms of warp. The larger steam-trawlers range from 50 to

70 tons, and carry a 56-foot beam and 250 fathoms of warp. The
bridles in both cases are 26 feet long.

The smaller trawl-smacks carry a beam of 44 feet, and 140

fathoms of warp. The larger ones have the beam 50 feet long, and

180 fathoms of warp. The warp of a steam-trawler is of wire,

smacks using warps of manilla rope.

The sailing trawlers at Grimsby and Hull are fast being super-

seded by the steamers. The latter increase every year, while the

former are gradually disappearing, those which succumb to wreck or

old age being seldom replaced by new ones. At Boston the deep-

sea trawling industry was started by steamers, and has never been

carried on by smacks at all.

At Lowestoft it appears that steam-trawling has been considered

unsuitable, and that the smacks are increasing. Moreover, at this

joort a class of vessel smaller than that generally in use at the

Northern ports finds most favour, and the modern type of smack
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is only from about 45 to 50 tons. Yarmouth and Ramsgate smacks

are, I believe, essentially similar to tliose of Lowestoft.

It is hard to see why Grimsby men should consider that the large

smacks are the best, while Lowestoft men prefer the small ones,

since I know of no difference in the conditions under which the

fishing operations are carried on from the two ports to account for

this. The Grimsby smack has been evolved, chiefly by gradual

increase of size, from the much smaller South coast boats, which

first opened up the North Sea trawling ; and every step in their

enlargement seems to have been viewed with apprehensions, which

were never justified by the results. The largest I know of exceed

90 tons register, and it is impossible to say that the size would not

have been further increased had not the immensely superior catching

powers of the steamers practically diverted all piscatorial ingenuity

into a new channel.

One branch of trawling remained exclusively in the possession of

smacks until quite recently. This was fleeting,* the function of

steam being confined to the carriage of fish, caught by fleeting smacks,

to market ; but within the last two years there have been launched

several steamers designed especially for fleeting purposes, and no

doubt, if there remain anything to trawl for, the sailing smack will

be gradually driven from this, her last vantage-ground.

Chap. II.—A "Voyage" on a Steam-Tkawler.

It may be of interest to give a brief account of a trip on board a

trawling vessel, as giving some little insight into the life led by our

deep-sea fishermen when engaged in their calling.f For this purpose

a voyage in July, 1893, as having covered more grounds in one trip

than is usually the case, will best serve. The ship, a steam-trawler,

was due to sail with the morning tide, and I found my way on

board, at the hospital dock, in good time. The engineers were

already on board, and one by one the rest of the crew dropped in,

the skipper arriving just as it was time to make for the dock gates.

Subject to occasional exceptions, the skipper has absolute discretion

* In " fleeting" the trawlers remain on the ground, and transfer their catches to carriers

instead of returning to port themselves with the catch.

t I gladly take this opportunity of saying that I have always found both owners and

skippers most willing to give uie a berth on board their boats, and have I'eceived the

greatest possible kindness and assistance at sea.
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as to what grounds he Avill fish, and in this instance, as far as I

could gather, our skipper had decided to try for a catch of small

plaice, and anything else he could come by, south of the Horn Reef,

©n the Danish coast. However, the plans of skippers are notoriously

changeable, and that they should be so is perhaps as good a proof

as any of the uncertainty which attends the North Sea trawl-fishery

in its present condition. We were hardly clear of the dock gates

before we met another trawler of the same firm coming up the river.

Professional etiquette, not to speak of other considerations, de-

manded that both skippers should slow down and have a parley, and

the usual query " How's trade ? " was, for a wonder, answered with
" A good living.'' Inquiries as to where this " good living " was to

be found elicited the information that plaice were plentiful " below "

(north of) the E,eef, so our skipper determined to give the ground a

trial, and laid his course accordingly on clearing the Spurn

Lightship. I may here remark that fishermen at sea always

appear most willing to give each other information as to the fish to

be found on grounds which they have been working. Whether it

is correct information or not is another matter.

Having left the river and got a clear course for the Horn Reef

Lightship, we have now leisure to have a look at the principal

members of the crew. Pretty nearly all the nations of the earth are

represented in the North Sea trawling community, from Kroomen to

Faroe Islanders, and on this occasion our skipper was a Prussian,

and his mate a Dane. The former has the reputation of having

landed more undersized plaice than any other man in the world, and

it was chiefly this consideration that induced me to seek a berth on

his boat. He was fully acquainted with the object of my inquiries,

and was, and I believe is still, as anxious as any man that the destruc-

tion of small fry should be stopped, but made the perfectly candid

reservation that, as long as there was a market for such stuff, he

did not see why he should not make use of his experience of the

coast, and knowledge of the habits of the fish, to catch more of

them than anyone else could. It would be libellous to suggest that

a wholesome contempt for the three-mile limit may not have been

an unimportant factor in his previous successes. He was excellent

company, and certainly did not betray his foreign origin by any
ignorance of the intricacies of the English language, as commonly
spoken at Grimsby, To his other accomplishments he added that of

the violinist, and usually beguiled the tedium of the evening with

frequent renderings of the one tune with which he appeared to be

acquainted.

The mate, a huge Dane, was known as " Tom," because, 1

suppose, that was not his name. He was a good-natured soul, and



OF THE GRIMSBY TRAWL FISHERY. 357

submitted to any amount of cliaff from pretty nearly every member
of the crew, but knew perfectly well, nevertheless, how to get the

required amount of work out of them. The captain and he were

very fond of indulging in elephantine gambols, and gave and

received, with perfect unconcern, blows which seemed calculated to

stave in the side of a hogshead. The chief engineer, of course, had
been brought up in that calling, but his subordinate was an ex-

dragoon, whose capabilities did not extend much beyond stoking.

The steward had served twenty-one years in the Black Watch, and

had lost a thumb, not in the service of his country, but from the

sting of a weever {Trachinus draco), which he had incautiously

handled on one of his earliest voyages. 1'he symptoms, as described

by him, appeared to be precisely similar to those which one reads of

as resulting from the bite of an adder. The rest of the crew do not

call for special remark, but, taking them all round, they were as

pleasant and good-natured a set of fellows as one need wish to meet

with in any rank of society. They all arrived on board in shore-

going costume, looking very unlike the fisherman of romance, and it

was not until the evening that they got into their jerseys, oilskins,

and sea-boots. The skipper despised the latter altogether, and

affected a very ancient pair of ''dumpers'^ (shoes with a thick

wooden sole), when the deck was too wet for even him to be

comfortable in stockings only. Once the sea-going kit is donned, I

have never observed that any change is made until the boat reaches

the river on its homeward voyage ; and ablutions, if carried on at all,

are certainly infrequent. However, any part of the person not

covered by oilskins is sure to encounter plenty of water, if no

soap

.

To resume our narrative, the south-westerly wind had freshened

very considerably before we made our land-fall, and the skipper re-

marked that such weather would have been certain to have spoiled

his chances of a catch south of the Eeef, since fish will not stay there

with heavy weather from that direction, especially so late in the

season. The weather had its usual effect on myself, since, though

my business takes me a good deal to sea, I am an incurable victim

to mal de mer, and on this occasion I spent the usual day or so of

misery before I was thoroughly right. It did not prevent my noting

the duration and locality of hauls with the net, or the fish caught, but

tow-netting and microscope work were out of the question. The

skipper was exceedingly sympathetic, and prescribed remedies, but to

my exceeding good fortune had mislaid the key of his medicine

chest, so I escaped with nothing worse than the sea-sickness itself.

I should say that the decoction known on North Sea smacks as

" tea " had made its appearance not long after we left the Humber.
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It consists of a quantity of tea, a tin of condensed milk^ and about

two pounds of sugar, boiled together for some hours in a huge kettle.

Day and night this remarkable beverage is on tap as long as the

vessel is at sea, and every man has a mug of it within reach, what-

ev^er he may be doing. I can confidently recommend it to anyone

who wishes to experience most of the sensations of sea- sickness

without the trouble of going to sea. For any other purpose I have

nothing to say in its favour, nor, I believe, have those who have

medical cognisance of the piscatorial constitution.

Our first haul was made late at night on the Danish coast to the

north of the Reef, and for a day and a half we worked along north-

wards, fairly close inshore, without any luck at all. A heavy sea

was running, and we did little but tear our nets, so that all hands

were busy mending one net while the other was fishing. The

skipper of a steam-trawler appears to have no actual duties beyond

that of command, except when the net is being shot or hauled. In

the first case he takes the helm, and in the last he has charge of the

steam-winch. He takes no share of the watches, nor does he assist

in the cleaning and stowing of the fish, but in mending the gear he

generally lends a hand. The skipper should be, and generally is,

the best hand on the vessel, and with the netting needle certainly

no one could come near our particular skipper. All hands, except

the engineers, have to turn out when the trawl is shot or hauled, but

are otherwise divided into watches. The usual practice on steamers

is to make two hauls of six hours at night ; and the same, or one of

twelve hours, by day. On bad ground, or when fish is very plentiful,

shorter hauls are made. Sailing vessels, when " fleeting," usually

shoot towards nightfall and haul by daybreak, the daytime being

occupied in getting their fish on board the cutter and beating up to

windward towards the place where they shot on the previous evening.
" Single boating '^ smacks either follow the same practice or take

whatever chance of fishing may be offered by the wind, and of course

all sailing vessels are dependent on the vagaries of the weather to

an extent from which the " wind-jammers " * are exempt.

The technique of hauling is as follows. t The ship is brought

round broadside to the wind, and the main engine stopped. The
skipper takes charge of the steam-winch^ and the warp is got in

until the shackle appears. Then the after-bridle is unshackled and
passed to the stem, where the mate makes it fast to a hawser borne

* Steam vessels.

t The month of the trawl is formed above by the " beam " terminating in the " heads "

or "irons," and below by the heavily weighted "ground-rope." From each "head"
runs a " bridle ;

" the two " bridles" meet at the " shackle," which is connected with the

winch of the trawler by the " warp."
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on a separate drum of the wincli ; the after-liead is made fast to the

ship's side as soon as it arrives in jDlace, while the fore-head is put on to

the tackle and hoisted on board. All hands lay over the beam, which is,

now along the gunwale, and get in the net by hand, getting the ground-

rope on board as soon as possible to prevent any fish escaping. As
soon as may be a rope is got round the neck of the cod-end, and the

bag of fish is hoisted on the tackle and swung inboard, forward of

the steam-winch. If the other net is to be shot at once, the bag is

usually left swinging until that operation has been accomplished.

Then the cod-end is untied, and the contents come down on deck with

a rush. The crew at once set to work to clean the fish, pitching

them as they are cleaned into the different pounds, which have been
formed on deck by letting boards into slots provided for the purpose.

Turbot are most carefully bled, and care is taken that they only

lie on the coloured side, as the natural position spoils their appearance

for market. In winter, plaice are often brought in " alive," i. e. with

the viscera intact. After being cleaned, the fish are thoroughly

washed, with the aid of the hose, in large tubs, and then stowed

away in separate compartments in ice in the fish-hold. The rubbish

and viscera are shovelled overboard and the decks washed.

The regular round of duty is broken only by meals, and it may
be said that the steamboat men live well, though I believe the same
is not always the case on smacks. All meals take place in the

saloon, but as it will not comfortably hold all the crew at once, the

officers—skipper, secondhand, and third hand—and the engineer off

duty are first served, and then give place to the rest. Breakfast

appears at about 7 a.m. ; it consists of tea, bread and margarine, and
fried fish, generally dabs. Dinner arrives at twelve noon, including

hot meat, generally two vegetables, and a pudding of some description.

Tea is at six, and consists of cold meat, if there is any, bread and mar-
garine, biscuits and cheese, or jam. Excellent bread is baked by the

steward several times a week. The only beverage is tea, except

that cocoa or chocolate is sometimes served out after the midnight
haul, and anyone who wants it gets a biscuit at the same time. I

have not seen beer or spirits on any fishing vessel, and I believe

teetotalism is the general rule with Grrimsby fishermen when at sea,

whatever may be their custom when ashore. Personally I have
seen nothing of " coopers,'' but these work chiefly among the sailing

fleets, with which I have had little to do. I remember, during the

trip of which I am writing, that we were hailed by a Dutch salt-

herring boat who offered us a bottle of Schnapps for a dish of fish,

an offer which our skipper declined in language which, if not con-

cise, was certainly lucid.

To resume our narrative. The coarse weather continued for
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several days, but after passing to tlie nortliward of the " Holman "

(Hantsholm) our skipper tired of tearing his net in the heavy swell so

close inshore, and steamed outwards to shoot inside the " rough "

which runs north and south about fifteen miles from the Danish

coast. It is/ I believe, what is known to geologists as a '^ moraine,"

and consists apparently of detached boulders of various sizes. We
got very little fish, but venturing too far out we managed to capture

a lump of granite (resembling that from Shapfell) about three feet

long by two in breadth. It is the custom when a big stone or

other impediment to trawling is brought up in the net, to keep it on

deck until the Humber is reached. It is then pitched overboard off

the New Sand Buoy, where it will be in nobody's way. Tom, how-

ever, would not be bothered with this particular geological specimen,

and had it lowered overboard as soon as the net was cleared. The

skipper remonstrated, remarking that some one else might " get " it.

" Let 'em get it," responded the mate, " they'll get nowt else here,"

—which seemed likely enough, to judge from our own success.

By this time I had got to work with tow-nets and microscope, and

the antics of Copepods and "such small deer" were a sovirce of constant

delight to the crew. More astonishing still were the minute pelagic

stages of the turbot, which I believe came then for the first time

under human ken, though my colleague Mr. Cunningham had

already discovered the older pelagic forms at Plymouth. I was

able also to introduce my friends to the mystery of artificially ferti-

lising fish eggs, and had hatched out a small family of turbot in a

pickle-bottle before we got back to port. Developing eggs of dif-

ferent sorts were of course constantly captured in the tow-nets, and

every night the microscope would be requisitioned for the use of the

crew, to see how the youngsters were getting on, and to find out

how it was possible to tell one from another.

I never lacked assistance in hauling my " trawls," as the skipper

elected to call them, and by the end of the voyage that worthy had

become comparatively expert in sorting out and pickling the young

fish. To subsequent tow-netting operations, carried out by him

independently, the world of science is indebted for the completion

of the series of the pelagic forms of the turbot and for the dis-

covery of several stages of the mackerel which were previously

unknown.

To return to the business of the ship, we moved along inside the
'' moraine " to a point about thirty-five miles north-north-west of the

Ree f, and got a few haddock and plaice, with occasional turbot,

bril 1, and hake, but hardly enough to pay expenses. We fell in

wit h a couple of foreign steam-trawlers, bvit they had had no luck

either, so our skipper determined to strike out for fresh ground
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altogetlier. He liad rather a hankering after the grounds south of

the Reef, as the weather was moderating, but finally determined

to try the Great Fisher Bank, so we shaped our course northerly,

taking a night-haul by the way on the oozy ground to the east

of the Dogger. Going on deck as the trawl came aboard, I was
greeted with a sickening odour, apparently of rotten onions, but

proceeding in reality from a vast mass of sponge and mud with

which the net was choked. There were hardly any fish worth

keeping, so we steamed straight on until the leadsman felt the Bank,

and then proceeded to hunt about for what the skipper considered

the most likely part at that season of the year. The Bank is of

great extent, and navigation is not, perhaps, conducted by fishermen

in the most exact manner, but in course of time we hit on the
" Inner Shoal-water,'^ and got decent, if not large, catches of

haddock for some days. The Bank has only been regularly worked

by trawlers during the last ten years or thereabouts, and its intri-

cacies are known to comparatively few, of whom our skipper

claimed, with apparent reason, to be one. He told me of several

parts where the soundings are such as the Admiralty charts (accurate

as far as they go) give no hint of, and of one spot in particular,

known only to himself and a friend, where splendid bags of fish are

always procurable, if you can only find it. On this occasion both

coal-bunkers and fish-hold were too empty to allow
. of any time

being spent in what might be a fruitless quest after all, so we
remained on much the same ground as long as we could get our

fish, chiefly haddocks. Occasionally we got among the dense masses

of lemon or scented weed {Flustra J'oliacea) , which covers a

great part of the Bank, and, especially when using the heavy ground-

rope,'^ we brought cartloads of it aboard. Entangled among it

were quantities of tiny cod ; and here too we got a few haddock,

with the adult conformation, but smaller than any which had pre-

viously been immortalised in alcohol. I was surprised to find the

anemone Chondractinia digitata extremely plentiful; it was almost

invariably attached to the shell of a living almond or smooth whelk

[F. antvpius) . The habits of naturalists have hitherto induced them

to consider this a rather rare species. I brought many alive to the

Cleethorpes aquarium, and was able to verify the correctness, as to

colouration and certain other points, of the drawings and description

given by Gosse, on the authority of J. Alder, the only actinologist

who appears to have been acquainted with living examples. Other

equally interesting actinians were met with, and I believe that the

obscurity in which several genera are now involved might be

* Some boats have the two trawls fitted with different ground-ropes—one rather light,

designed for the capture of haddock ; the other weighted, for flat-fish.
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cleared up by material collected from the Fislier Bank and adjacent

grounds.

After several days on tlie Bank our skipper began to tliink of

getting nearer home^ so a course was steered for tlie west end of the

Dogger, where we had pretty fair catches, and finally we ran home
after an absence of twelve days. It was not possible to say anything

really complimentary about the weather the whole time, and luck

was completely against us at the start, but by sheer perseverance

the skipper had managed to get together a very fair " voyage " of

fish. Indeed, I am of opinion that what is called " luck " has a less

share in determining the fortunes of a fisherman than is generally

attributed to it. A man who will have fish, gets them somehow or

other. Many men, no doubt, on finding a poor supply after

running over to the coast of Denmark, Avould have simply lamented

their ill-fate and fished about on the same ground until the coal ran

out, and then come into port without enough to pay wages. Not

so our friend, who got his fish, though he had to steam pretty well

all round the North Sea to get them, covering about 700 miles,

without counting actual fishing oj)erations.

Fishing can hardly be called a lucrative business at the best of

times, and the discomforts are greater than can readily be imagined

by anyone who has not witnessed, and to some extent taken a share

in them. It is astonishing how extremely cold it can be even in the

height of summer, with a keen wind blowing and the water

splashing all over you as you sit cleaning the fish on deck at one

o'clock in the morning In winter of course the discomforts are

intensified. It happened that when I was at sea in March, 1892,

we encountered a snowstorm which lasted two or three days. The
cold on deck was intense, but of course the work had to be done.

When the trawl-beam comes aboard, all hands have to get in the net.

The boat is broadside on to the sea, rolling her utmost, as the sails

are nearly always left standing to intensify the roll, so as to make it

easier to get in the slack of the net as she dips ; and laying over the

beam under such circumstances of weather, with the sea breaking

all over you, is about as unpleasant a job as a man need wish to

avoid.
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Chap. III.

—

Aji Outline of the Eise of Tkawling in the

North Sea.

Althougli the North Sea trawling industry has long exceeded in

importance that which is carried on along the rest of the sea-board of

the United Kingdom, it is probably well known to most people that this

method of fishing is not, so to speak, indigenous to the district, but

of comparatively late introduction.

No serious attempt at a history of the origin and progress of

trawling has yet been made, and it may be feared that by the time it

is attempted some attention will also have to be given to its decline.

The few remarks which I have to make on the subject here are put

forward in all diffidence. They contain only the barest outline of

the histor}^, and rest entirely upon information which I have col-

lected from old fishermen, and others who have taken an interest

in the trade. I know of no documentary evidence to which refer-

ence can be made, bu.t from the general harmony of oral accounts

derived from different sources I believe the facts, as far as they go,

are approximately correct.

The date of the discovery of the trawl, or of any fishing instrument

at all resembling it, is altogether uncertain. On our own coasts the

doubtful honour of its introduction seems to have been disputed by the

fishermen of Brixham and Barking, but without claim on either side

to any very remote antiquity of practice. It seems possible, however,

that a fearful engine described as a '' Wondyrchoum,^^ against the

use of which petitions were presented in the Parliamentary Session

of 1876—7, may have more or less resembled a trawl.

Be this as it may, it seems at any rate certain that beam-

trawling had been established as a regular industry at Brixham at a

period considerably antecedent to the outbreak of the French wars.

The boats in use then were quite small, and the trawl-gear could be

carried with ease on a man's shoulder. The war naturally interfered

greatly with the prosecution of a fishery on the south coast, although

in some ways, less reputable than the practice of their legitimate

industry, some of our south-coast fishermen seem to have found it not

altogether a source of loss.

At the close of the war in 1815 there was a revival of the trawl-

fishery, and enterprise began to manifest itself in the search for new
grounds. I believe that about this time an attempt was made by the

Brixham men to establish themselves at Dublin ; but the honour does

not seem to have been appreciated by the native fishermen, and the

adventure was abandoned. About 1818 we hear that a certain
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niiinber of Brixliam trawlers migrated eastwards^ and established

their headquarters at Dover^ trawling in Rye Bay and the

neighbouring grounds. In or about 1821 the North Sea may said

to have been first reached, since at that time the Brixliam men
began fishing off Ramsgate. The chief ground seems to have been

the New or Sandettie Bank, where fine takes of turbot were made for

some time, and a more or less regular system of transporting fish to

London was now organised.

The tide of migration crept slowly northwards, as new grounds

were discovered and in turn exhausted, and about 1828 the system

of "^ fleeting " seems to have been first adopted. Certain boats,

instead of returning to port as soon as the catch had been made,

banded themselves into fleets, and the catch of the whole fleet would

be collected every day by a fast " cutter," and conveyed to market.

The system appears to have been organised by fish merchants, who
found the cutters and paid contract prices for the fish delivered.

It prevailed only during the summer months. Harwich was the

port chiefly engaged in these operations, but Barking seems to have

had considerable importance as a trawling port either at this time or

a little later. The Brixliam men, I believe, were in the habit of

returning home for the most part in the winter, and, throughout the

migration, the most northerly ports reached were always used at

first as summer stations only.

About 1830 the discovery of the productive grounds along the

Dutch coast gave a great impetus to the trade, and smacks increased

both in number and average tonnage. Bi-ixhani and Ramsgate seem

to have had an aggregate of about fifty-five sail engaged in trawling

operations. Local enterprise o^Dened out certain fishing grounds off

Yarmouth and Lowestoft ; trawlers were hired for this purpose from

Ramsgate and Barking, and the fish, chiefly soles, were despatched

to London in light waggons, with relays of horses at various posts.

The Dogger was certainly worked by trawlers some time between

1830 and 1840, but it does not appear that it was at first a very

remunerative ground. Haddock were of little or no value, and the

Dogger plaice are said at first to have been large coarse fish. Boats

continued to push northwards, and before 1840 Hull and Scarborough

were summer trawling stations, but very little frequented in the

winter. The average tonnage was about twenty-five to thirty-five.

One of the most important events in the history of the industry

was the discovery, in the winter of 1837, of the now famous sole-

ground known as the Great Silver Pit. The master of a Hull

trawler, William Sudds by name, being blown out of his reckoning-

by heavy weather, had the curiosity to shoot his gear in the unusual

depth of water which his soundings revealed. The result was
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an enormous draught of soles, and the circumstance gave rise to the

institution of a regular winter fishery. Boats and capital were
attracted from all parts, and Hull became the principal centre of the

North Sea trawling industry. The tonnage of smacks also under-

went a rapid increase, culminating in that which is now in general use.

What has probably been of more lasting importance to the trade

than the transitory productiveness of the Pits, was the introduction

of haddock-curing at Hull, which took place about 1840. The
haddock is after all the trawlers' best friend, as alone of all the

trawl fish it seems able to make headway against the devices of man.
Before curing was introduced, there was practically no market for

these fish. I am told that only the largest were ever thought worth

bringing ashore, and sometimes not even these. Statements have

been made that there were no haddock on the Dogger when that

ground was first worked, but the balance of the evidence obtainable

shows that the fish were exceedingly plentiful there, though of no

account, for the reason I have mentioned.

The introduction of ice and the adaptation of steam to fishing

purposes occurred, almost simultaneously, about 1850. Steam power,

I believe, was first used in the North Sea by Mr. Rushworth, and in

connection with line-fishing. The advantages of ice are obvious,

since its use permitted the boats to make much longer voyages than

had previously been possible. Steam does not appear to have been

very extensively used until about 1860.

It will have been noticed from the foregoing remarks that the

development of the North Sea trawling has been effected entirely by

fishermen from the south coast, and to the present day we find that the

bulk of the trawling fraternity are the descendants of south-coast

men. Of the rise of the deep-sea line fishing I have little know-

ledge, but I believe it is also owing, at least in great part, to exotic

enterprise. In most of what are now large fishing centres there

have existed, in all probability, minor fisheries from a very early

period, which have been to some extent masked by the more im-

portant modern methods. I do not know that this was the case at

Hull ; while at Grimsby, which has not yet been mentioned, there

was cei-tainly no indigenous fishery of any importance.

Grimsby, in fact, is an altogether modern fishing station. Early

references to the port make no mention whatever of any existing

fishery, though the adjacent hamlet of Cleethorpes seems to have

been always occupied in longshore fishing, whenever its inhabitants

had leisure from less reputable pursuits. At Grimsby the existence

of a very indifferent natural harbour permitted a certain amount of

shipping trade to be carried on from the earliest period of English

history, and in 1801 this natural harbour was considerably improved.
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The real importance of the port, however, dates from the time at

which it began to attract the attention of the Manchester, Sheffiekl,

and Lincohishire Railway Company. The Company acquired

possession of the existing dock, now known as the Old Dock, and

proceeded to construct new ones, the first of which was opened in

1852. Additions have subsequently been made, and the dock

accommodation at the present day exceeds 100 acres ; the population,

3688 in 1841, is now something over 60,000.

The bulk of the dock accommodation is, and has been, devoted to

ordinary trading vessels, but the Company seem early to have cast

covetous eyes upon the fish trade at Hull, and to have oifered every

inducement in their power to obtain a share of it for Grimsby. The

latter port possesses natural advantages over its older rival, being-

nearer the mouth of the Humber, and in more direct railway

communication with the principal markets,—facts which the fisher-

men and smack-owners were not slow to appreciate. Special

accommodation was provided for fishing vessels, which now have two

docks, covering an aggregate of twenty-three acres, and two graving

docks, devoted to their sole use. The progress of the trade can in

some way be judged from the Railway Company's returns : previous

to 1854 there was little or no inland fish trafiic ; in 1854 the Com-

pany despatched 453 tons, in 1860 4b-^7 tons, in 1870 26,284 tons,

in 1880 43,415 tons, and in 1893 80,134 tons. An export traffic was

also established, and reached about 3000 tons in lb77, but has not

materially increased since that year.

It can well be understood that the development of the new

fishing port was not viewed with any particular favour by its

neighbour on the opposite bank of the Humber, and for many years

the rivalry between Hull and Grimsby is said to have been keen

and bitter, though nowadays it has no more than a merely formal

existence. Hull has been gradually outclassed as a fishing station,

not by any intrinsic decay, but simply by the extraordinary deve-

lopment of the Grimsby trade ; it has merely had to take the second

place in the deep-sea trawl and line-fishery of the nation, and shows

no signs of relinquishing it for a lower one.

The Boston trawling industry is the most modern of all, since it

was originated within quite recent years under the most modern

auspices. There never has been a first-class smack trawl-fishery at

Boston, doubtless owing to the intricate navigation of the Wash.

This presents but little difficulty to steam-vessels, and the steam-

trawlers, devoted to the deep-sea trade, in no way interfere with the

pre-existing inshore fisheries.

The later developments of the North Sea trawl fishery can only

be very briefly summarised. Boats found their way along the
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Continental coast by gradual stages, opening up the grounds north

of the Horn Eeef about 1868. The liners^ or codnien, seem to

have been the pioneers in the exploration of the more central parts

of the North Sea, since the Great Fisher Bank had been frequented

by them for many years before it became a recognised trawling

ground. I believe it was first trawled about twenty years ago, but
has only been generally resorted to as a winter ground during the

last ten years.

The Iceland grounds were also discovered by liners, and it was
not until 1891 that they were first visited by a trawler. They have
been worked, though not at great profit, by a certain number of

steam-trawlers ever since ; whether the fishery will continue is

doubtful, but certainly the local authorities have done their best to

discourage it. I have given rather a detailed account of the early

condition of this fishery in the Association's Journal (vol. iii, 129),

but, in view of recent developments, I fear that certain predictions

I ventured to make will have only the average value of prophecy.

Chap. TV.—The Inteoduction of Trawling at a Northern Fishing

Station, and its Influence on the Fishery.

In answer to my inquiries on the aspect of fishery matters at

Sunderland, and on the past history of the industry at that port, my
friend Mr. T. N. T. Potts has kindly drawn up the following sketch,

which I make no apology for publishing in extenso.

" I am forty-two years of age, and have resided in the locality of

Sunderland since childhood. The sea and the sea-shore are the
first things I can remember, and as a child I took the greatest in-

terest in its living creatures. My earliest knowledge of the fishing

will date from about thirty years ago. At that time fishermen

really were fishermen, their forefathers before them had been fisher-

men, and they brought up their families as fishermen. All did

what they could ; the girls and younger branches of the family

sought bait, while the boys who were old enough went with their

fathers to the fishing. In many cases the fishermen made their

own lines and nets, during bad weather Avhen they could not get to sea.

At that time each family possessed their own ' cobles ' (local boats,

of which there are two. sizes, the large herring cobles about 30 to 40
feet over all, and the small cobles about 20 to 30 feet over all used
for line-fishing", crab, lobster, and salmon fishing), nets, lines, and
gear sufficient to conduct the various kinds of fishing suitable to the
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season. At this time stake-nets were allowed for salmon fishing,

and many salmon and sea-trout were taken in this manner.
"^ At the end of the herring season (then about the end of Sep-

tember) they went to the Tees with their herring cobles for mussels,

which they laid down in sheltered positions to form ' scarps ' (a

local name for mussel-beds) to last them over the winter ; the

herring cobles were then hauled up, and the line-fishing conducted

in their small cobles.

" All bait was locally procured, and such a thing as sending away

for bait was quite unknown. In the winter they prosecuted the haddock

or small-line fishing, which was conducted comparatively near to the

shore ; this they did in small cobles, and it is thus managed :—Three

men, or three men and a boy, have a coble amongst them. Each

man provides what are termed two half-lines; each half-line is

coiled up on a flat-shaped basket, and consists of six or seven pieces

of line, each piece being 65 fathoms. The hooks are whiting hooks,

and the fishing is for whiting and haddock, though not infre-

quently cod and ling of large size are taken in consequence of their

having swallowed a whiting or haddock already hooked. These

lines are baited with mussel, limpets, and sandworms, and, if pos-

sible, shot before daybreak, and the principal time for this fishing

is from October to March.
" As the season advanced, the same cobles and crews would com-

mence the long-line fishing, at which cod, ling, turbot, halibut,

conger, skate, and other large fish are taken. Twenty years ago,

skate were of no value, and were cut adrift as they came to the

surface, and they were hooked in enormous quantities, so much so

as to be a nuisance to the fisherman ; but since steam-trawling has

commenced, they have become very scarce, and a moderate-sized

skate will sell at the fish-market for from 5s. to Is.

" The lines used at the long-line fishing are much stronger, the

hooks of course being larger and stronger also, and the fishing con-

ducted at a greater distance from land. In the first place the

small lines were shot as in the haddock fishing ; the long lines were

then got ready for shooting at the after end of the coble, and as

the small lines were hauled in, the haddock, whiting, and other small

fish would be used as bait for the large lines, which were shot over

the stern as the small lines were hauled. The large and dead fish

would be cut up into suitable sized baits ; the live fish were hooked
by the lip, thus forming a very attractive bait. The long lines

were then buoyed, and left until the next morning. Of course

this cannot now be done, as the lines would be swept away by
steam-trawlers. The quantity of fish taken in this manner was
immense, considering the amount of line then used, about five
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or six baskets being as much as a coble could use, and T can well

remember as a boy having often to throw out the ballast to enable

the coble to cany the fish, which often amounted to several cart-

loads, while now thirty baskets of line may be shot 100 miles off,

for not a third the quantity of fish. On one occasion last winter

while fishing with the ' Fingal ' we shot twenty-four baskets of line

100 miles off the land, amounting to over 3000 hooks, each baited

with a whole herring, and only caught eleven fish ! Many other

steam line-boats can give similar cases. Since the commencement

of steam-trawling, this fishing has been abandoned by cobles,

owing to the fish having become extinct on the inshore grounds,

and to the impossibility of allowing lines to remain at sea overnight.

'^At this time there were sailing-trawlers belonging to Hull and

Grimsby, fishing on the Dogger Bank, and occasionally landing

a catch of fish at Sunderland ; and several sailing-trawlers were built

and owned in Sunderland, and worked on the same grounds, and in

the same manner as the Grimsby trawlers,

'' These vessels did no appreciable harm to the inshore fishing-

grounds, as they seldom if ever fished within fifty miles of the land.

'^ About twenty-five years ago, in the summer, owing to that year

being exceptionally hot, and prevailing calms preventing them

reaching their fishing-grounds, two of them, the ' Henry Fenwick '

and the Tearnot,' were towed about the inshore grounds by the

steam-tug ' Heatherbell,' and I remember having made several

trips in them. The mode of working was as follows :

" The ' Heatherbell ' would go to sea about noon, and join the

two vessels from five to ten miles off the land, take them in tow,

when they would shoot their trawls and be towed at an easy speed

all night. The trawls would be hauled up at about midnight, and

again about 6 a.m. ; the ' Heatherbell ' would then go to shore

with their fish in baskets, and after it was sold, go off again with

the empty baskets to repeat the same operation. This might have

continued during the months of July and August, and as it was an

exceptional occasion, and almost all the line-fishermen were engaged

in the herring fishery, no opposition was offered by them at that time

to this proceeding, and the practice was never again repeated to my
knowledge.

^' Many years afterwards, towage being slack owing to the increased

development of screw steamers, several of the paddle-tugs, both on

the Tyne and Wear, were fitted with trawls, and worked as trawlers

on the inshore fishing-grounds.

" At first they caught a prodigious quantity of fish, and their tem-

porary success was so great that every one was induced to embark in

the enterprise. Old tug-boats completely played out, unseaworthy,
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and unfit for further service as tug-boats, were bought up by persons

with no knowledge of the business, and converted into steam trawlers.

At first the supply of fish seemed almost inexhaustible, so great was

the amount of fish landed, and for a time all went well ; but after a

year or two of this wholesale destruction the catches gradually

diminished, so much so that many of them could no longer find

profitable employment.
" This class of paddle-trawlers has gradually died out, there being

few remaining at present owing to the fish within a reasonable

distance from the land having been exterminated by continual

trawling ; their large coal consumption rendering them unprofitable

for long runs. 'I'hey have therefore been superseded by screw

vessels, specially built for the purpose, and fitted with fish-holds

and ice rooms to enable them to keep their fish a considerable time

;

and as the machinery of a screw vessel is much more compact and

more economical in regard to consumption of fuel, they can go a much
greater distance from land, and remain much longer at sea.

" These vessels have in their turn almost exterminated the fish on

the Dogger and Great Fisher Banks, and several of them this year

(1892) have landed their trawl gear, fitted out with lines, and worked

at Faroe, &c., at the halibut fishing.

" The extermination of large fish on the inshore grounds has

gradually introduced screw steam line-boats. At first paddle-tugs

went into the venture, going off from twenty to twenty-five miles

from land, and carrying the fish caught on deck; but as fish became

fewer, necessitating their going a greater distance into the sea, they

in their turn were superseded by screw vessels built for the service,

and fitted with fish-holds, &c.

" This class of vessel is largely on the increase, and on the Tyne

there is now a fine fleet of steam line-vessels, many of them going a

great distance from land, some of them in the herring season

catching their own bait, and at other seasons having herring bait

sent to them by rail from Yarmouth or Scotland according to where

the herring fishery may be.

" It seems as if the steam line -boat will in time supersede the

steam-trawler, as they can be of less size and power, consequently

less coal consumption ; their fishing gear is less costly, the cost of a

trawl and rope being from £100 to £150, Avhile a set of lines can

be had for about £40.

"A very much better price can also be obtained for line fish than

for trawled, only healthy and well-conditioned fish being caught on

lines, as sick and spawning fish seldom take bait.

'^ This steam fishing has of course greatly reduced the number of

cobles formerly employed in fishing ; at one time there was a
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fleet of herring cobles at Sunderland, Sliields, and Hartlepool, now

there will not be more than twenty altogether, the herring fishing-

being almost entirely done by Penzance, Isle of Man, Scotch,

Lowestoft, and Yarmouth vessels, who make the herring fishing a

speciality, and follow the herring round the British Isles,

" There are now but very few fishermen in the old sense of the

word, that is, where the whole family lived by fishing alone ; but

there are still a few cobles fishing with lines in winter, and catching

crabs and lobsters in summer.
" Of late years mackerel seem to have entirely deserted this

coast ; at one time they were taken in large quantities by sweeping

on the shore, but now they are seldom seen and only a few taken

in herring-nets.

" Stake-nets were at one time allowed for salmon fishing, but now
they have to be caught by drift-nets only."
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PART II.

Chap. I.

—

The Dkfinition of an Immature Fish.

The term ^^ immature " as applied to fisli is somewhat vague, and.

it is by no means clear that those who originated the complaints

about the destruction of fish included in this category, had any very

precise idea as to the meaning which they intended it to convey.

If we take what I suppose may be the most ordinary interpreta-

tion of the term, viz. '' not full grown,^' we accomplish nothing. In

the case of the higher animals, such as quadrupeds and birds, there

is a definite limit of size, and after this limit has been reached, in

the youth of the organism, no further increase of bulk takes place
;

but with fish it is different, since a fish appears to go on growing as

long as it lives, a condition which does not admit of the erection of

any standard of full growth. The word " undersized " has been

frequently used as a synonym of " immature " in connection with fish,

but there cannot be said to have been any definite standard of size.

Both words are capable of being used in regard to two very

different conceptions, namely, that which has reference to the market-

able value of the fish, and that which refers only to its powers of

reproduction.

If we regard the terms as referring solely to the maturity of the

reproductive organs, we certainly get a definite meaning for them, but

at the time when the agitationwas commenced there existed absolutely

no information as to the size at which fish of various species acquired

the power of reproduction. Theories no doubt abounded, and it

appeared that many members of the fish trade held the opinion that

those
,
fish which were not saleable were immature, in so far as

regarded their powers of reproduction. Conversely, it appears to

have been generally held that fish large enough to fetch a price were
also large enough to breed, or at any rate the affectation of such a

belief was not without convenience. Later developments of the

agitation have shown that the saleable qualities were really held in

paramount importance, very much to the exclusion of any other con-

sideration.

The criterion of market value is of course altogether arbitrary.
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and differs in different markets and to some extent witli tlie fluctua-

tions of any one market, so that in dealing with the question from

the purely biological point of view this criterion may be left out of

consideration altogether ; but in endeavouring to arrive at a practical

solution one is compelled so far as possible to take a view which

shall comprehend at once all aspects of the question. A practical

solution may be defined, I suppose, as one in accordance with the

dictates of common sense,—a quality, by the way, which is usually

most strongly claimed by those who have the greatest need of it.

Deferring for the present any attempt at a harmony between the

biological and the market standards of maturity, we will at the moment
confine ourselves to consideration of the former.

To Dr. Wemyss Fulton belongs the credit of having been the first

to endeavour to ascertain the size at which fish of different kinds

begin to breed, and, in consequence, to fix a limit of size which would

divide the sexually mature from the immature forms. His paper,

which is based on material from the east coast of Scotland, will be

found in the Eighth Annual Report of the Scotch Fishery Board.

The next contribution to the subject was from my own pen, as the

importance of the results obtained by Dr. Fulton suggested to me the

advisability of making use of the records of the Royal Dublin

Society's Fishery Survey, to continue the work as far as these

afforded opportunity. My paper, contained in the ' Scientific

Proceedings of the Royal Dublin Society,' vol. iv, pt. vii, followed

pretty closely the lines laid down by Dr. Fulton, but introduced a

new consideration. Fulton's limit was based upon the size of the

smallest mature specimen, without regard to sex. Now it appeared

from the writer's remarks, as well as from my own observation,

that there was a difference in the sizes at which fish of opposite

sexes arrived at maturity, so that a limit based on the smallest

mature example of the species must exclude from its benefits many
immature forms of that sex which grows to the largest size before

beginning to breed. This is, in nearly all cases examined, the

female ; it is also more plentiful than the male ; and it seemed to me
that the limit might most usefully be based on the conditions of the

larger and more important sex alone. It was evident that, even in

one sex, all fish did not become mature at exactly the same size, but

I had not sufficient material for the deduction of a satisfactory

average, and accordingly fixed the provisional limit at the size of the

smallest mature, or nearly mature, female that came under my
notice. I was inclined to suspect that further inquiry would show

considerable variation of size in relation to locality, a suspicion

which has been amply justified.

On entering the service of the Marine Biological Association in
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1892, I found myself in a most favourable position for prosecuting

the inquiry, since ample supplies of fisli could be obtained from the

Grimsby market ; and in almost all cases I was able to ascertain,

with sufhcient accuracy, where they had been caught. It must not

be supposed that all fish exposed for sale in the market are

caught in the North Sea, or even landed at Grimsby, since a certain

quantity is sent from distant ports (including Milford Haven), while

the Grimsby boats themselves may derive their catches from such

widely distant localities as the coast of Iceland or the Bay of Biscay.

Still, with the ready assistance of all to whom I made application, I

found no difficulty in distinguishing the locality of capture, and, so

far as the present question is concerned, I confined my attention to

fish caught in the North Sea. Flat-fish were of greater apparent

importance than round-fish, so my researches dealt chiefly with the

former.

The results of my researches are given at some length in the

Association's Journal (N. S., vol. ii, p. 363), but I think it will not

be out of place to discuss them briefly in this article.

The question is not altogether so simple as it might appear, owing

to two considerations. Firstly, as to fish examined during or in the

neighbourhood of the spawning season, there can be, so far as I can

see, no means of distinguishing, by mere autopsy, whether a ripe

fish is spawning for the first time or not. Secondly, in the case of

a fish taken, at any time of the year, with the reproductive organs but

little developed, there is a certain difficulty in determining whether

that fish has not yet become sexually mature or whether it has repro-

duced its species (during a previous spawning season or during a

previous part of the same year) and is now in what may be termed a

" resting " condition, so far as its generative functions are concerned.

Personally I hold the view that, especially in the case of flat-fish,

owing to their conformation and the topographical relations of the

viscera, it is by no means difficult to arrive at a correct conclusion,

when dealing with fish taken at a period remote from the spawning

season ; while I am not aware of any evidence of the existence of a

resting period which covers more than a trivial interval of time. It

is within the bounds of possibility that some fish, after becoming
ripe, do not develop generative products in every successive season,

as hinted by Dr. Fulton ; but I do not know of any facts which can

be adduced in favour of this view, and prefer to regard occasional

instances of very large but apparently immature fish as explicable

by the theory of absolute sterility, or great retardation of sexual

development.

The considerable degree of variation which one encounters in the

assumption of the mature condition within the limits of one district
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seems to me to be explicable by a condition peculiar, so far as I

know, to fishes. We liave abundant evidence, thanks to Cun-

ningham's researches, of the great variability of the rate of growth

in Teleostean fishes, but all our studies of the life-history of the fish,

especially of those forms which show a marked difference of dis-

tribution at different stages of growth, seem to show that it is size

alone and not age which is the determining factor in distribution.

That this should be so is not remarkable, if we accept the hypothesis

that it is the quest of suitable food which induces the changes, since

a dwarfed individual, however old, would not be likely to require

more or different food than its younger but more rapidly developed

brethren. I believe there is the same relation between size and

sexual maturity to this extent,—that a fish which reaches a certain

(approximate) size at the season when the roe or milt commences to

ripen, develops in due course into a spawning fish at the next spawn-

ing season. But if the fish is a little short of the required standard,

its maturation is delayed for another year. During this period its

growth does not cease, but is probably all the more rapid because

there is no drain on its resources from the generative organs, and so

the fish, before it spawns for the first time, has reached a size con-

siderably greater than that of the smallest spawning fish of the

species. Probably, in some individuals growth is so retarded that

even a moderately large size is never reached, and yet we do not

find very small ripe fish (at any rate among the female sex), and I

do not see how this can be explained except on some such hypothesis

as I have put forward.

In considering the method of distinguishing sexually mature and

immature fish at a period remote from the spawning season, or in

cases where the roe is only slightly developed, we must consider the

changes that this organ goes through in becoming mature. In the

immature female the ovary, so soon as it is large enough to be easily

perceptible, is found to contain a number of minute translucent ova,

their size and condition depending neither on the season of the year

nor upon the size of the fish. The first approach to maturity is

denoted by an enlargement of some of the ova, and by various

changes in their internal structure. The most noticeable of these

changes is the formation of yolk matter, since, as has been shown by

Mr, Cunningham,* it is that which gives to the ova an opaque

appearance which they do not previously possess, and for purposes

of convenience I have called the minute translucent ova '^inactive,"

applying the term " active '' to those which have become opaque.

* Mr. Cunningham's paper (' Journ. Marine Biol. Assoc.,' N. S., iii, p. 154) deserves the

closest attention in this connection, the more so since, as will appear later, his views differ

slightly from my own.
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The presence of active ova appears to be a sure sign that

maturity is approaching, and, in most cases, that the fish will spawn

at the next spawning season. Mr. Cunningham, however, thinks it

possible that the yolk appears rather earlier in the sole than in

other flat-fish which he has studied, so that more than a year may
elapse between the first appearance of the active ova and the first

spawning of the fish. I do not think that this interferes with the

value of the distinction for macroscopic purposes, since the first

appearance of yolk globules is apparent only under the microscope,

and I have only observed active ova, with the naked eye, in young

soles which might from their size be reasonably expected to spawn

during the same year.

In any case the presence of active ova is an infallible sign of

approaching maturity, and the further stages of maturation are so

obvious as to call for no remark. But when the fish has become

fully ripe and has discharged its spawn, the question arises as to how
we are to distinguish the empty shotten roe from one which has never

developed eggs at all. As a matter of fact the question can usually

be settled, in flat-fish, even at a very considerable interval after

spawning has taken place, by the presence of more or fewer ripe

eggs which have somehow failed to be excluded. These remain

either in the cavity of the ovary or in its duct, and gradually

decompose there, but the shells remain recognisable for a long period.

But without this certain proof of previous spawning, there are

characters which appear to me to be in themselves a sufficient

distinction. The really immature roe is short, plump, and very

firmly fixed between the body- wall and the spines (hasmal) below

the backbone, while in a fish which shows evidence of having spawned

I have always found the roe wide and flaccid in front, and

nearly always extending further backwards along the spines than in

the case of an immature roe. It is also comparatively loosely

lodged in the position which it occupies. Indeed, if the specimen is

fresh, a groove which can be felt by passing the finger along the

skin over the roe is almost a sufiicient test of the shotten condition,

but in a stale fish the groove is more or less perceptible even if the

specimen is quite immature.

A recently shotten ovary usually contains a certain number of

small actiA^e ova, which, as Cunningham holds, are probably absorbed

and do not form part of the next season's cro]). Then succeeds, in

some species at all events, a condition in which all the living ova

are in the inactive condition, but no instance has been recorded in

which the shotten condition could not be proved by the presence of

dead eggs or by other features associated with this condition.

Cunningham makes the pertinent inquiry :
" are there cases in which.
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these remains* having been expelled, nothing remains to distinguish

a fish that has recovered from spawning from one which has never

spawned ? " Personally I do not think there are, for even though, as

Cunningham observes, the ovary of a shotten fish may shrink to a very

small size, it does not appear, in my own experience at all events, that

it ever regains the appearance of immaturity or the close adhesion to

the surrounding parts of the body. I must admit that the question

is not absolutely judicially proved ; still I think the probabilities of

the correctness of my own opinion are at least considerable, and, in

putting forAvard the results of my inquiries, have little fear of their

substantial accuracy being challenged by subsequent investigators,

if only on the ground that the specimens on w^hich my published

results were based were examined either during the spawning season

or within so short a period from it that traces of maturity, if they

existed, could not fail to be detected.

The variation ah'eady alluded to in the size at which fish of a

species attain to sexual maturity, makes it imperative that any
standard of maturity should be based, not on either of the extremes,

but on whatever intermediate size appears to apply to the

greater number of species. This point was most justly urged by
Cunningham, in criticism of the method adopted in my own defini-

tion of immature fish on the West Coast of Ireland ; but, as I have
already remarked, the paucity of material in that case seemed to render

the minimum size the safest standard for provisional purposes.

Having no lack of material in the North Sea work, I was able to

adopt the better method, and the standards given below accordingly

represent the sizes at which I believe most females spawn for the

first time.

The sfandard of
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The turbot and the brill appear to be generally regarded as fish

of the same size, but though one occasionally sees a brill which has.

reached a length equal to that of a very large turbot, there is no

doubt thiit the turbot is, speaking generally, considerably the larger

species of the two. The difference is emphasised by that which

manifests itself in the sizes at which females of the respective

species come to maturity, and in fixing the limit for the turbot at

18 inches I have, if anything, placed it rather too low. I have

never seen a fully mature female turbot of less than IS^ inches,

but there does not seem to be as much variation in this as in most

other species in the assumption of the mature condition.

The smallest mature or nearly mature female sole which has come
under my notice measured 10^ inches.

Plaice are rather variable, as I have found an apparently mature

female to measure only 1 3 inches ; but I am certain that the majority

of North Sea plaice only commence to spawn when about 17 inches

long. I have added considerably to my inquiries since the figures

on which I based the standard of 17 inches were published, but the

results have only confirmed my previous conclusion.

From time to time I have heard of the occurrence of very small

spawning plaice, but it has always chanced that, for some reason oi

other, the specimen could not be procured for my inspection, nor

have I been able to get any details of the actual measurements. I

have found it an invariable rule that fishermen and fish merchants

considerably under-estimate the length of a flat-fish, so that a state-

ment about a ripe fish of 12 inches would almost certainly refer to

one which actually measured at least 14 inches. Nevertheless I

am inclined to think that very small spawning plaice are occasion-

ally taken in the North Sea, but that such belong to a very distinct

variety. In the Association's Journal (vol. iii, p. 194) I have

described a dwarf variety of the plaice which appears to have its

head-quarters in the Baltic. The variety first came under my
notice on the Grimsby pontoon, whither several consignments were
sent in 1894 by a firm of German fish-merchants. The largest fish

of the lot only measured 1 3| inches, and all were full of roe or milt,

the smallest ripe female being only 9^ inches long. The coloura-

tion was unfamiliar to me, and I at once formed the opinion that

the fish had not been caught in the North Sea, an opinion supported
by the presence, among the plaice, of a number of flounders which
were very much more spinous than any I had previously seen. I

was subsequently informed by the consignors that the whole lot had
been caught in the Baltic, where the plaice-like forms are knoAvn

as " Goldbutt."

On close examination the small plaice were found to comprise a
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number of forms distinguished from the rest by having ciliated

scales, though in some cases the cilia Avere but little developed ; in

fact every intermediate condition was represented, and, as it proved

on inspection, the ciliation was most thoroughly developed in, and

almost confined to, the males. The ciliated examples, known to

science since the days of Gottsche, had been considered to be a

distinct variety, but it became evident that the distinction was only

sexual. The females, not as a rule ciliated, are the " Goldbutt " of

Gottsche, and of Baltic fishermen of the present day, who recognise

them as quite distinct from the larger North Sea fish which enter

the Sound at certain seasons of the year. They are not so distinct

in outward appearance from small plaice of the North Sea type as to

altogether escape a risk of confusion, but from the fortunate pecu-

liarity of the males we get a knowledge of the distribution of the

variety as a whole. The males (formerly regarded as PL platessa,

var. pseudoflesus) are stated by Continental naturalists to be com-

monest in the Baltic and in the Sound, but they have been observed

also at Hastholm, and are therefore not altogether unknown in the

North Sea. They occur, as I presume, in the eastern fjords of

Denmark, and as the Lim Fjord has an opening at either end, there

is nothing improbable in their occasional appearance in the North Sea

through that channel. Further, Gottsche saw them in the Hamburg-

market, though that is no proof that they were North Sea specimens,

since my own had passed through the Hamburg market before

making their appearance at Grimsby.

It will have appeared that there is nothing very improbable in the

occasional appearance of a dwarf plaice of the Baltic type in the

North Sea, and I believe that any very small spawning fish that

have been caught by our boats would have been easily recognised as

belonging to the Baltic variety had they come under the notice of a

naturalist. At the same time I unhesitatingly assert that the small

fish that are caught in such numbers on the Danish and Dutch

coasts do not belong to the smaller variety, but are immature

members of the North Sea variety. I have examined hundreds of

them taken from all parts of the coast, and have never found one of

the smaller type amongst them. The possible objection that, the

season for the Eastern grounds being later than the spawning season,

I may have been deceived in my diagnosis (of maturity or immaturity)

by such a reversion to an apparently immature condition as Cun-

ningham appears to think possible, can fortunately be met. Our

own boats only fish the Eastern grounds in the late spring and

summer, since it is only at that time that there is any certainty of

finding a good supply of fish ; foreign steam-trawlers, however, some-

times fish there much earlier, and, as they often land their catch at
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Grimsby, I have been able in tliis way to examine tlie small plaice

caug-lit on tliose grounds during the spawning season, and indeed to

compare them with spawning fish consigned at the same time from

the Baltic. There can be no possible doubt of the distinctness of

the two types, nor of the immaturity of the small fish caught on the

Eastern grounds of the North Sea.

The lemon sole or cock sole {PL inh-roce'phaliis) agrees with the

true sole in that some females are mature at only 10 inches, but I

think 12 inches is the length usually attained before the assumption of

maturity.

As to the size at Avhicli the halibut commences to spawn I have no

conclusive information. The fish is not now of much importance in

North Sea trawling, on account of its scarcity, and the same reason

makes it difficult to procure sufficient material to establish a North

Sea standard. Plenty may be had from Iceland or Faroe, but the

species reaches a larger size in the higher latitudes, and presumably

attains a larger size before spawning than is the case with natives of

the North Sea. I think my provisional limit of 36 inches is really

considerably below the mark for any district inhabited by this fish.

With regard to cod, the opinion is held b}- fishermen that there

are several distinct varieties within the limits of the North Sea, and

in Norway Captain Dannevig holds a similar belief most strongly. I

have had neither the leisure nor the inclination to investigate the

matter for mj^self, and consider that, so far as practical purposes are

concerned, the existence or non-existence of such varieties is of no

moment, as there could be no possibility of discriminating between

one and the other unless every fishery official were a trained naturalist.

The proposed standard of 25 inches can certainly not be regarded as

too high ; and, if varieties exist, it is applicable to the smallest.

Many cod imdoubtedly reach a considerably larger size before

spawning.

Before we leave the question of sexual maturity, T must advert

briefly to the inquiries on the same subject which were carried on

by my colleague Mr. Cunningham, contemporaneously with my own,

in the Plymouth district."^

The results are most interesting, since they show conclusively that

very great difference may exist in different districts in the size at

which sexual maturity is attained by a species. This difference,

as Mr. Cunningham justly observes, is a corollar}" of a difference in

the maximum size attaiued by the species in either district.

Thus the plaice on our South-west Coast are considerably smaller

than North Sea forms, and Mr. Cunningham considers the biological

* Vide liis paper, Joviru. Marine Biol. Assoc, vol. iii, p. 64.
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limit for the former district to be 15 inches, and has found mature
females only 11 inches long.

Lemon soles appear to mature at a very small size on the South-

west Coast, as Cunning-ham records mature females of only 7

inches. These were the smallest he could procure, and none of the

fish he examined were immature.

The common sole is usually larger on the South-west Coast than

in the North Sea, to judge from consignments which arrive at

Grimsby from the district first mentioned, and Cunningham records

no mature females of less than l2 inches, while his laz-gest immature
specimens measured 13 inches.

As for turbot and brill, there is not sufficient evidence to show
that any difference exists as between the two districts, but very few

specimens could be obtained for examination at Plymouth.

Having reviewed the evidence as to the definition of sexual imma-
turity, we must now consider the commercial aspect of the question,

and the first definition of the term " immature " of which I am aware
was embodied in a resolution by a Conference of those engaged in the

East Coast fishing trade, held at Hull in J 890. It was resolved that

the term immature fish should be interpreted to mean '^ a sole which
measures less than 10 inches, a turbot or brillwhich measures less than

12 inches, and a plaice which measures less than 12 inches.'" This may
be taken to represent the North Sea view. It is not wholly a trade

interpretation, since plaice and soles of less than 12 inches are sale-

able ; it represents rather a standard of size below which the North
Sea trade considered it inexpedient that fish should be destroyed.

However, at the London Conference held under the auspices of

the National Sea Fisheries Protection Association in 1892, the trade re-

presentation was not confined to the North Sea, but delegates attended

from all parts of the United Kingdom, and the standards of size

recommended by the East Coast trade by no means recommended
themselves to every one. The representatives of the South and South-

west Coasts in particular considered the standard a good deal too

high, especially in the case of plaice, but with a laudable, though
as I think mistaken, desire for harmony, the various parties agreed

to a compromise, and the resolution finally adopted by the Conference

of 1892 fixed the sizes as follows :

Plaice . . • . 10 inches

Soles . . . 10 „

Turbot . . . 12 „
Brill . . . 12 „

Lemon soles

.

. . 11 ,,
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I believe tliat the result was not entirely satisfactory to either the

East or South Coast trade. Unfortunately no attention seems to have

been paid to a most sensible amendment, moved by Mr. Mallock, M.P.,

to the effect that the Conference recognised " the fact that the

limitation as to the size of fish in different localities must vary."

However, in the above-mentioned resolution we have a definition to

which the whole English trade, in so far as it was represented,

pledged itself.

The sizes were not altered at any subsequent conference, and were

more or less generally supported by the trade before the Parliamentary

Committee in 1893. That august body did not, however, see fit to

adopt them, considering that the size limit " should approximate to

that already adopted by foreign countries," with the result that

they recommended a limit of 8 inches for soles and plaice, and a

limit of 10 inches for turbot and brill.

It may be useful to recapitulate the different standards :
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Committee of 1893, and on that evidence, and any otlier of wliicli I

have knowledge, I do not think that oue conclusion of the Committee

is at all likely to be criticised. It is to the effect that " there

seems to be no doubt that a considerable diminution has occurred

amongst the more valuable classes of fiat-fish, especially among soles

and plaice. ... It is true that there Avill not be found a great

falling off of the bulk of these fish landed on the East Coast. But

the appliances for catching them have of recent years been greatly

increased in size and efficiency, and the fishing-grounds have been

largely extended in area, trawlers going as far as the coast of

Iceland to the north, and to the Portuguese coast in the south."

Such evidence as is available consists, therefore, solely of the recol-

lections and impressions of those engaged in the trade, and the last

part of the quotation from the 1893 Report illustrates the total in-

adequacy of the present system of fish statistics. The total quantity

of fish landed at any one port may be found in the Board of Trade

returns, and, in a good many instances, the different kinds of fish are

separately enumerated. But, beyond the fact that the fish were

landed at such and such a port, there is no hint as to where they may
have been caught. Nor is there any attempt to discriminate

between large and small fish. Moreover, several kinds of fish, which,

although perhaps of small importance in former years, now represent

a considerable item in the profits of a fishery, are not thought

worthy of separate enumeration, but are lumped in one column.

Thus lemon " soles " and witches, both valuable fish and exclusively

products of trawling, are associated with skate, catfish, conger-eels,

and a host of others, of which some are largely caught by line-fishing.

Whatever else is neglected, I should say that it was at least essen-

tial to distinguish between the products of distinct fisheries at large

centres. At the small inshore fishing centres, where everyone takes

a hand at whatever kind of fishing is possible, it is of less importance

to do so ; but the difficulty in any case would hardly arise, since

comparatively little inshore trawling is carried on, and drift-net fish

are practically confined to two kinds, which are already distinguished

in the returns. Fishermen belonging to the large centres are, for the

most part, strictly confined to one method of fishing—trawling, line-

fishing, drift-netting, or whatever it may be,—and the different

branches are so distinct in their interests that no effort should be

spared to distinguish them in the returns. I do not know of any

difficulty of doing so, provided the staff' entrusted with the prepara-

tion of the statistics were in any sense adequate to the task ; and,

except on the theory of want of funds, the existing system courts the

criticism of having been devised in some ignorance of the industry

with which it is supposed to deal.
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The fact is that the fund avaihible for the collection of fishery

returns is only £700, and there are 156 collecting stations. I have

not the least idea what proportion of the above sum is assigned to

each station, but it cannot in the nature of things be otherwise than

insignificant in view of the work to be done. The method of

collecting the statistics appears to be left entirely to the discretion of

the collector. At one port it has been said that the return is merely

an estimate of eye. I fancy I am betraying no secrets when I say

that at Grimsby the statistician bases his estimate mainly on infor-

mation furnished by the Railway Company, so that its accuracy

depends on the correctness of deductions made for weight of packing

materials, additions for difference in condition of fish, home con-

sumption, &c.

Now the fish arrives at the pontoon either whole (" live ") or

gutted ; it may leave the town in almost any condition. It may be

sent off in statu quo, or may be cleaned, beheaded, boned ; only a

small part of it may be worth transmission. It may be wet or dried,

pickled or smoked ; it may come in as a codling, and, or I am much
mistaken, go out as a " Finnon " haddock !—be caught as the head

of a catfish and the tail of a monk, and go out as the cheek muscles

of a skate ! The last instance, however, would not affect the

correctness of the existing return, as the delicacies in question are

assigned to the conglomerate column previously alluded to.

The system will be admitted, I think, to furnish quite adequate

opportunities of error, even if the emoluments were sufficient to

allow of one man^s devoting his whole attention to the production of

an accurate return, which I am far from supposing to be the case.

Accuracy in returns, I imagine, can only be ensured by counting

the quantity of fish landed on the pontoon, and as the quantity is very

large and the time during which the fish are undisturbed is but short,

this duty could certainly not be satisfactorily undertaken by one man
alone, even were his attention free from auy private business of his own.

This system would permit of the complete discrimination between line

and trawl fish, and between fish from the North Sea and those taken

at Iceland, Faroe, &c. According to the experience of the statis-

ticians, a certain amount of discrimination would be possible even

between fish from different parts of the North Sea ; at all events it

would be possible in great measure, from the peculiarities of coloura-

tion in the flat-fish, to check the accuracy of answers which might
be given to inquiries as to place of capture, and of course there

would be no longer any difficulty in discriminating between large

and small fish. Statistics dealing merely with weight, without

regard to size, are altogether misleading. There is no difference in

the weight of a box of fair average-sized plaice and a box of small
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ones ; but tlie former contains only about 100, and the latter may
contain about 250, as is commonly the case at Grimsby, or as many
as 1036, as in an instance reported from Billingsgate. The hopeless

impossibility of obtaining a correct idea of the fishery from statistics

which do not distinguish between such boxes requires no argument.

There is a further method of statistical inquiry, which, if it were

available, could be utilised by the statisticians as a valuable check on

the accuracy of their own numerical observations, and would furnish

in addition the most reliable information of value. The auctioneer

furnishes to the smack-owner an account of fish sold, in which the

separate kinds and the quantities (usually also, I believe, the quality

in regard to size) are enumerated, and a copy of this is handed, at

least by some owners or companies, to the skipper, who has an

interest in the distribution of the profits. There might be an

objection to a copy being handed also to the local statistician, but I

do not see that there could be any legitimate objection to the in-

formation being supplied to the central statistical authority. It is

conceivable, nevertheless, that serious opposition, not wholly un-

connected with considerations of income-tax, might be offered, in which

case it would be better, perhaps, to make each skipper furnish a

return only of the quantity of fish landed, in boxes or other local

measurements. If this were done, the duties of the statistician

would be lightened, and one man would probably suffice to ensure

that the skippers' returns were more or less accurate.

The skipper should be required, I think, to state whereabouts he

had been fishing, but it would be a hardship to make him give

detailed information ; and if he had a good catch from some ground

not generally known to be productive at the time, such information

as he vouchsafed would probably be worthless. Some check on the

value of this latter class of information might be derived from the

fishery cruisers, were the latter to keep a diary of fishing-vessels

sighted (if they ever do see any), and furnish weekly lists to the

ports to which the vessels belonged. Accurate account should be

kept of vessels entering and leaving the port, whether belonging to

it or not, s^ that in computing the result of the fishery it would be

possible to check the amount of fish caught by the amount (in

voyages) of fishing power expended ; and in this, as in other details,

it would of course be essential to distinguish between trawlers, cod-

men, &c.

The Parliamentary Committee expressed themselves in their

report as " strongly of opinion that any steps which may be taken

to increase the trustworthy character and fulness of official statistics

would amply repay the expenditure which may be necessary to

ensure the improvement ;
" and it is to be most sincerely hoped
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that the authorities may see their way to give effect to this recom-

mendation. I have endeavoured above to formulate suggestions for

what appear to be the most urgently required improvements in the

existing system of returns. Though based upon the conditions of

the Grimsby industry^ it is probable that they are equally applicable

to all fishing centres^ and they may be briefly recapitulated as

follows :

1. An absolute separation of the products of different methods of

fishing.

2. An exact account of the expenditure of fishing power in each

branch.

3. Discrimination as between large and small fish of a species.

4. A more complete separation of species (so that lemon soles^

witches^ &c., may be separately enumerated)

.

5. Discrimination, as complete as may be practicable, of the

locality of capture.

I have made no mention of meteorological information, since I do

.not think there is any necessity for the Fisheries Department to go

to any expense in collecting statistics of this kind at first hand, but

the ample information available to every one from the Meteorological

Office should certainly be carefully considered in the preparation of

fisher}'^ returns. The weather is known to have the most important

bearing on fishery operations, not only at the time of incidence, but

often in the succeeding season ; and the remarks " As to the weather,

&c.,'^ in the '' Summary of the Returns made by collectors of Fishery

Statistics," if based on the most profound examination of meteoro-

logical phenomena, bear no intrinsic evidence of the fact.

It is hardly necessary to say that the preparation of returns so

complete as those which I recommend calls for no mean degree of

intelligence on the part of the collector ; and intelligence, like any
other commodity, has to be paid for. I think it is essential, too,

that the official in charge of the whole system of fishery returns

should be skilled not only in the commercial, but also in the bio-

logical aspect of the fisheries. Such knowledge would enable him
to grasp at once the probable importance of any development
indicated in the monthly returns of his subordinates, and, if a

reserve fund were at his disposal, to institute whatever subsidiary

inquiries the case might appear to call for.

Without a system of statistics at least as complete as the above, I

do not see that one can acquire even an apiDroximate idea of the

state of the fishery for the current year, nor would a long series

of incomplete returns yield any reliable ground of conclusion at a
future time.
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B. The Alleged Cause of Deterioration in the North Sea Trade.

The diminution of the fish supply being admitted^ it remains to

consider what evidence there is as to the means whereby it has been
brought about. Such deterioration has been admitted unreservedly

only in the case of the North Sea^ and there in the case of flat fishes

alone.

From the sou.thern fishing centres even of the North Sea there is

not an unanimous admission of a decrease in the general supply, but
the scarcity of large fish is acknowledged. Having little personal

knowledge of the Yarmouth and Lowestoft fishery, in so far as it

differs from that of Hull and Grimsby, I must leave my readers to

form their own conclusions from the evidence offered to the Parlia-

mentary Committee from those ports.

The alleged cause of the North Sea decrease is over-fishing,—that

is to say, over-trawling. Especially is it attributed to the opera-

tions of the large deep-sea trawlers. There exists, it is true, or did

exist, a subsidiary outcry on the part of longshore line-fishermen,

crabbers, &c., against the practices of inshore trawlers, whether of

large or small tonnage ; but this grievance was of local importance

only, and could not be said to affect the industry as a whole to any
appreciable extent. Therefore, though inshore matters call for a

share of our attention in due season, we may for the present devote

ourselves to the deep-sea question.

The decrease in the returns of this branch of the industry were,

and are, essentially attributed to the destruction of large quantities

of small fish, and the bulk of this destruction is generally known to

occur on grounds lying along the Dutch, German, and Danish coasts.

A glance at the chart appended to this paper shows that a line

drawn from the Spurn to Hantsholm, in Jutland, forms a rough

division between the deeper and the shallower parts of the North

Sea. Eastward of the longitude of the Great Silver Pit and south

of that line the water never attains a depth of 30 fathoms. North

of the line, water of less than 20 fathoms is pretty well confined to a

narrow fringe along the British coast, the Dogger Bank, and a

stretch of ground that follows the course of the line from the tail of

the Dogger to the entrance of the Kattegat. It is also apparent

that on the eastern side the shalloAV soundings run very much further

out than on our own coast. The Continental coast forms a large

bight, of which the estuaries of the Elbe and Weser are the head
;

while the limbs consist of the coast of Schleswig-Holstein and

Denmark to the north, and of Hanover and Holland to the south-

west : along both these limbs is seen a series of barrier islands,

separating the open sea from large shallow expanses of which a great
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part dries at low tide ; tlie embouchures of numerous streams, large

and small, give on to these areas.

At the present day our trawlers cannot afford altogether to despise

the territorial rights of the various powers which own this stretch of

coast, and the fishing grounds affected by Grimsby vessels are

accordingly at a respectful distance outside the chain of islands.

The westernmost is off Terschelling light, in about 12 or 15 fathoms,

but in an easterly direction boats approach the shore more nearly,

fishing along the islands of " Skimliko '' (Schiermonnikoog), Borkum,

Norderney, &c. Everywhere the ground is smooth, except for a
" rough " on Borkum Flat. Trawling is also carried on about the

" Island " (Heligoland), and northwards from the island last men-

tioned to the Horn Reef, this ground being collectively termed
" above the Reef," while special parts of it are spoken of according

to the name of the nearest island. " Below the Reef " the grounds

extend as far north as the Holmen light. A line of rough, boulder-

covered ground, supposed to be the moraine of some glacier, follows

the general course of the Danish coast approximately in the manner
indicated on the chart, and the trawling grounds are anywhere

between this and the coast, but, for small fish, as close in as the

boats can venture, I do not know that it is necessary to describe

the grounds in greater detail here, as this does not profess to be a

fisherman's itinerary of the North Sea ; nor, be it remarked, do I re-

commend the use of the chart for the more exact purposes of

navigation. It will serve, however, as I hope, to illustrate the

remarks which I have to make on the destruction of fish on various

grounds ; but, before proceeding directly to this subject, it may be

as well to review what is known of the life-history of some of the

fishes on which the trawling industry depends. Some comprehen-

sion of this is absolutely essential for a due appreciation of any

fishery question, and especially of one into which the destruction of

young fish enters largely.

Chap. III.

—

The Life-History of North Sea Food Fishes.

While we remain in ignorance of far too many facts in the life-

history of even some of the commonest food fishes, we have been
able to form at least a tolerably clear idea of the breeding habits of

many of them, of their appearance in the infantile condition, and of

their haunts at different periods of existence ; and in the considera-

tion of questions affecting the over-destruction of young fish these

facts have to be constantly borne in mind.

There appears to exist, in many persons who express opinions on
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'

fishery matters, a lamentable tendency towards generalisation. The
fish form an enormous class, composed of species and families, of

which some are so far distinguished from others, not only in

conformation but in habit, that it is hardly possible to say that they

have much in common beyond that they live in the sea, and

breathe by gills. Yet the amateur exponent seems mentally to

assign to the most widely distinct kinds a degree of relationship

which he would probably be loth to admit as existing between

himself and his next-door neighbour.

As a matter of fact, evei'y species of fish requires separate

consideration, or at the most, only a few kinds can be grouped

together, and that only in relation to a part of their life-history and

habit, and not to the whole. It will, perhaps, be no waste of space

if, before entering on the question of their destruction, I endeavour

to sketch briefly the facts that are known with regard to the life-

history of some of the more important kinds.*

Even in dealing with fish of one kind one cannot make sweeping

conclusions with regard to locality, since a species often differs con-

siderably in habit, at distances so little remote as are the opposite

coasts of this country. There is little or no difference in the

temperature in such cases, but there may be a great deal of

difference in the coast itself and the soundings at sea. Thus on

the west of Ireland we have a very bold coast, rocky in most places,

and everywhere with deep water at no great distance from land.

One may literally step from land into 40 fathoms of water, and fish

in 80 fathoms in sight of some outlying island. For a great part of

the coast-line the territorial limit is not far from coincident with the

40-fathom line. When we turn to the North Sea, we find that part

of the area with which we have most to do almost entirely devoid

of rocks, and everywhere comparatively shallow. Indeed, south of

the Fisher Bank the maximum depth is about 60 fathoms, and that

is found only in a verj^ limited part.f

Yet much the same kinds of fish occur in the two districts, and,

of course, their habits, in adaptation to the available physical

conditions, show corresponding modifications. So far as there is

constancy of habit in relation to physical conditions, it is found to

* In explanation of tlie terms used in this chapter, it may be said that some fish deposit

their spawn on the bottom; it is then termed " demersal." In the case of other fish, the

spawn floats to the top of the water, and is then called " pelagic." When first hatched

the little fish or " larvse " appear to l)e always "pelagic," i. e. swimming at the surface ; in

the case of flat-fish the pelagic larva undergoes a " metamorphosis " or change of shape

into the flattened form, at or near the time when it adopts the habits of adult fish by

sinking to the bottom.

t See chart at the end of this paper.
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be related to depth of water, and, of course, to nature of bottom.

Proximity to land is of comparatively little consequence (though

an isolated bank does not correspond, faunistically, with similar

soundings not separated from the coast by intervening deep water),

yet one is tempted to think that many prefer to obtain their ideas

of the sea from a study of the map rather than the chart.

The west coast of Ireland and the North Sea present the greatest

contrast which is to be found within the limits of our own seas, but

minor physical differences exist between all our districts, such as

the Channel and the Irish Sea, involving correspondingly minor

divergences in the habit of the fish which are found there. As we
are dealing with the North Sea, my remarks must be understood to

refer to that area.

With regard to the breeding of fish we may make one tolerably

sweeping generalisation—viz. that, with the exception of skates,

herring, and cat-fish (or wolf-fish), all our food-fish propagate by

means of eggs which float singly at the surface of the water, at

least for some considerable part of the time during which the embryo
is developing. Of the more valuable* kinds, all the eggs float up to

the actual time of hatching, except in tlie case of the turbot, the

eggs of which seem always to sink some days before hatching takes

place.

The turbot, though not a very abundant fish, is distributed

pretty well all over the North Sea trawling grounds, though scarce

in the deeper parts, such as the deep water north of the Dogger,

and on the Fisher Bank. Being a predaceous form, feeding largely

on herrings, it appears to be somewhat given to migrating in

pursuit of these fish, and occurs occasionally in considerable numbers
on grounds where it is usually b}' no means plentiful. It is most

abundant probably on the Continental coast, where a good many
are always caught in company with the small plaice. Spawning,

which is carried on chiefly from the latter part of May to the end

of July and later, does not occur, so far as I know, very close to-

our own coast, but rather on the offshore grounds. On the

Continental side, however, spawning fish may be found in compara-
tively shallow water and fairly close inshore,—in fact, on the small

fish grounds. I do not know that the eggs have ever been recog-

nised from tow-net gatherings, but very young specimens, from
about one fifth to three fifths of an inch, have been found swimming
at the surface of the water a few miles off the coast of Denmark,
and on the west end of the Dogger Bank in July and August. I

have not found the immediately succeeding stages in the North Sea,

* The egg of the gurnard may, but does not invariably, sink some time before hatching.

I do not know any other instance, unless the weever can be called a food-fish.
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but young turbot of about an incb and a little larger have been
found by Mr. Cunningham^ still at the surface, in Plymouth Sound,

and I have no doubt that in the North Sea also these fish approach

the shore towards the end of their period of pelagic life. 1 know
of no instance of these very young turbot being taken anywhere
but at the surface, but shortly after the adult form has been
assumed they evidently descend to the bottom.

Exactly where they pass the first winter of their life remains yet

to be discovered, but it is almost certainly in comparatively shallow

water and at no great distance from land. From the first warm
weather of spring throughout the summer young turbot of the

previous season^s brood, measuring about 3 to 5 inches, are found

sparingly among the shrimps and small plaice at the extreme

margin of the Humber estuary, and elsewhere along the sandy

beaches of our own coast. I have taken them myself at St. Andrews,

Filey, and Cromer, and have no doubt they are generally distributed

along the east coast. The number taken is nowhere lai-ge as

compared with the young of other species, but it must be remem-
bered that the turbot, nowadays at any rate, is far from abundant

at any stage of existence on our own coasts. I have never heard

of such young fish being met with anywhere but at the margin or

near it, and do not believe that they range at all into deep Avater

until a larger size has been attained. I have had no opportunity

of acquainting- myself with the haunts of fish at the corresponding

stages on the Continental coast, but have been informed that they

are common in the spring and summer and in the large shallow

sandy expanses about and within the barrier chain of islands on the

Dutch and Danish coasts, and have no doubt of the correctness of

the information."'^

Larger, but not necessarily older fish, are also found in quite

shallow water, close inshore, on both coasts, but much more

abundantly on the eastern side of the North Sea. There appears to

be a gradual removal from the immediate vicinity of the margin as

the size increases, but I do not find many fish under twelve inches

in length, outside that area which the moderate degree of respect

shown by our trawlers to territorial rights leaves comparatively

unmolested. On our own coast similar fish seem to be almost, if

not entirely, confined to estuaries or inshore grounds. I have paid

but little attention to the probable ages of these small turbot, since,

as I have previously remai-ked, the distribution does vary with the

size, and cannot be proved to do so with the age of the fish. The

* Note added in press. Much valuable information as to the life-history of turbot and

other flat-fish in the Cattegat, &c., will be found in Dr. Petersen's Report on the Danish

Biological Station for 1893 (1894).
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former is a matter of fact, the latter one of opinion only, and, in

my humble opinion, not a matter of the highest importance in

practical fishery problems, except in such cases as the artificial

propagation of fish and the temporary closing of defined areas.

Larger turbot, from about 12 inches up to any size which the

species attains, are found in great abundance throughout the spring

and summer on the whole of the Eastern grounds ; opportunities of

ascertaining whether they are in the same locality at other seasons

of the year are rare, but I have known a considerable number,

mostly of the smaller sizes, to be taken very early in the year,

before the plaice had appeared in any number, and again in the

autumn, after the plaice had mostly departed elsewhere. I have

already said that many turbot spawn on these grounds.

The young fish do not appear to betake themselves to the offshore

and deeper parts until a length of at least about 14 or 15 inches

has been reached, and many certainly stay inshore until later. An
examination of the total catch from all parts of the North Sea prior

to the opening of the season for small plaice affords a very fair means
of judging what proportion of small fish may be present on the

offshore grounds.

I have found that the percentage under 17 inches does not exceed

30 per cent. ; even this is somewhat unnaturally high, since a good

many of the small fish were contributed by a shallow ground on our

own coast, but of the whole number of small fish the bulk would

be males, sexually mature, since the male may begin to breed at only

12 inches.

In its habits, distribution, and life-history there is little to be

said about the brill which has not already been said about its more
valuable relative, the turbot. The brill spawns earlier than the

turbot, viz. from the beginning of May, or earlier, until the end

of July, but the spawning takes place in the same localities for both

species, and, of course, the periods are partly coincident. The
smaller free-swimming larvte, when changing to the adult condition,

have not yet been recognised with certainty, but the stages just

prior to the assumption of the adult form have been met with by
Mr. Cunningham at Plymouth in the same locality as the corre-

sponding stages of the turbot. All the evidence we have shows that

the subsequent life-history is identical in the two species. Brill

seem to be more abundant on our own coast, turbot being in the

majority on the Continental coast. In their distribution with regard

to size, the two forms seem to agree pretty closely on the Eastern

grounds, but as the brill matures at a smaller size, it follows that

the proportion of sexually immature fish on the trawling grounds is

rather lower. Indeed, I have usually found the proportion of im-
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mature brill in tlie catches on Eastern grounds to be a very soaall

one ; but it varies considerably, since occasionally a very marked

number o£ sexually immature forms will be taken. Many immature

fish are sometimes caught on a shallow ground near Mablethorpe in

Lincolnshire. On the offshore grounds in any part of the North

Sea comparatively few immature fish seem to occur.

The distribution of the sole in the North Sea is so far capable of

more or less exact definition, in that there is a large area in which

soles are at ail events very scarce. The species is very rare in

Scotch waters, but occurs more plentifully southwards along the

east coast of England. It is found also on the grounds lying off

the coast of Denmark, and southwards along the Continental margin,

also in the central parts of the North Sea, south of a line which

may be drawn across so as to follow the southern edge of the

Dogger Bank. Thus the Dogger and all the central area of the

North Sea northwards of this bank may be eliminated as practically

devoid of soles. None are found, I believe, on the coast of Norway,

and, indeed, the channel of very deep water which follows the Nor-

wegian coast-line seems to act as a boundary impassable to all but

the bathybial* flat-fish. That it should be so by the adults is

intelligible enough, but it is not so clear why the pelagic ova and

larvae should not cross it. That they do not do so to any appreciable

extent is rendered extremely probable by the marked structural

differences which one finds to exist between the Norwegian turbot

and their brethren of the North Sea.

The sole spawns in the North Sea chiefly in May and June,

though the whole period may extend from April to August.

Spawning on our own coasts takes place chiefly on the offshore

grounds, always in water of some depth, and away from the

chief haunts of young flat-fish ; but on the Eastern side a great

deal of spawning is done on the small-fish grounds. Of the very

young stages I know but little from my own observations, having

only obtained a few recently hatched larvae in the tow-nets. The

later metamorphosing stages I have never found, either in the

North Sea or elsewhere, but specimens of about half an inch long

have been found by Mr. Cunningham between tide-marks in

Mevagissey Harbour. Soles of about an inch and a half in length

begin to appear in the Humber in the summer, though not to my know-

ledge at the extreme mai-gin, but specimens from about two and a

half to four inches are not infrequent at the margin from spring to

autumn, and occur also, as I understand, in similar situations

further south along the Lincolnshire coast. I do not know that

* The halibut, witch, and megrim are the only North Sea flat-fish of any importance

which regularly descend to great depths, and are thus " bathybial " in habit.
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there is any record of the occurrence of such small forms anywhere

except close inshore, either in shallow sandy grounds or in estu-

aries ; and for my own part I believe that, while the early stages of

metamorphosis are pelagic, the young fish, on the assumption of the

adult conformation, adopt an inshore or estuarine habitat, and are

in no sense generally distributed over the North Sea. There is no

evidence of such general distribution, though it is commonly

asserted by fishermen that they catch large numbers of very small

soles on the grounds about the Well Bank, and also on the Eastern

grounds ; but all the small examples which I have obtained from

either locality have proved to be solenettes [S. lutea). The

solenette is very easily distinguished from a true sole of the same

size if the two are compared together, but this the deep-sea fisher-

man has no chance of doing", as he never catches any very small

true soles.

Soles of all sizes, from about five to about twelve inches, are

fairly plentiful in the Humber during the spring- and summer,

especially on certain grounds, mostly with rather deep soundings ;

but occasionally examples of larger size than those previously

mentioned are taken at the margin also. About the beginning of

July larger fish, which have recently spawned, begin to make their

appearance in the river, but most of them disappear again by

November. In the autumn a considerable number of fish, all of

fair or large size, arrive in Scarborough Bay.

Of the haunts of very small soles on the Continental side I know
little, but have been told that in the early days of trawling, when
the smacks used to tow almost up to the beach, great numbers used

to be caught of a size much smaller than those which are now to be

found beyond the three-mile limit, and I have no doubt that the

shallow sea lakes of Holland, Germany, and Denmark are the

nurseries of the species for those coasts.

From any absolute knowledge which we have of the distribution

at different sizes it appears that the sole, after the completion of its

early metamorphosis, becomes practically an estuarine or, at least,

an exclusively littoral species until it has reached a size which

closely corresponds with that at which sexual maturity is assumed.

Of the winter habitat of young soles it is hard to speak posi-

tively, since very few can be obtained anywhere. To a certain

extent they may migrate into deeper water, but I know no proof of

this, and I am inclined to share the belief of many fishermen that

they hibernate to a great extent by burying themselves in the

sand ; their powers of burrowing must be well knowti to every one

who has watched them in captivity.

It is well known that the former abundance of soles in the
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Silver Pits was a phenomenon confined to the winter^ and, as I am
given to understand, soles were always most plentiful there in very

hard weather. Within recent years the fish taken from the Pits

consist, according to my observations, chiefly of mature fish ; at

any rate, I have seen no very small ones. I have been told,

however, that small soles used to be plentiful there ; but the

information, based upon recollections of a fact which, at the time of

its occurrence, no doubt seemed unimportant, cannot be considered

as wholly reliable. The Great Silver Pit is about equidistant from

the summer sole grounds of either coast of the North Sea, and its

winter supply is recruited, I should imagine, from both coasts. A
violent gale sometimes has the effect of driving soles into deeper

water ; thus after the great gale of November, 1893, there were

good cakes of these fish in the Yorkshire Hole or Little Silver Pit,

where none had previously been obtainable.

Our knowledge of the life-history of the plaice, certainly the most

important, if by no means the most valuable, of trawl flat-fish, is

fortunately fairly complete. In the adult condition the species is

generally distributed all over the North Sea, but is not found very

close inshore, or in very shallow water on either coast. It is the

earliest spawner among the fish with which we have to deal here,

breeding chiefly from the middle of January to the end of March
;

to some extent a little later, and probably eai'lier also. There is

at the spawning season a distinct congregation of mature fish on

difi^erent grounds well known to the fishermen, such as various

parts of the Dogger, and a ground lying about fifteen miles off

Flamborough Head, &c. ; but none of these grounds are very close

inshore, nor, so far as I have been able to discover, does any

spawning at all take place on the shallow sandy grounds on the

eastern side of the North Sea. The plaice, in fact, is in the North

Sea distinctly an offshore spawner, and, as far as its mature con-

dition is concerned, practically an offshore fish altogether. The

eggs are pelagic,—that is to say, they float at the surface ; but this

fact is not universally appreciated, even by the more enlightened

members of the fishing community. There is a substance which

some deep-sea fishermen regard as plaice-spawn ; what it is I do not

know, as I have never been able to inspect any of it, and as the

description given of it is only sufficiently exact to render it perfectly

certain that the describers' diagnosis is incorrect. It is said to be

yellowish in coloitr, and may possibly be the spawn of the little

sucker or gobbler {Liparis sp.). Of this I have obtained a good

deal on and from grounds which are frequented by spawning plaice,

but have not had an opportunity of showing it to any of the

exponents of the demersal theory of plaice ova. The inshore
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fishermen regard quite a distinct organism as the spawn of phiice,

as we shall see later on.

The general set o£ the tides or currents in the North Sea is well

known to be towards the Heligoland Bight, whither most floating

wreckage ultimately finds its \\s>j, and it seems natural to suppose

that the floating eggs of the plaice liberated in the open sea, to a

great extent, drift in that direction ; the same must be the case with

the younger and more helpless of the larvse. I am far from supposing,

however, that the current is by any means the sole determining

factor in the distribution of the very young forms, since we do not

find on the eastern side the young of several species which must, in

their earliest condition, have been exposed to exactly the same tidal

influences as the plaice.

In any case the very youngest free stages of the fish do not seem

to occur very close inshore on either side of the sea, and most of the

phases of the metamorphosis appear to be passed at some little

distance from land, or at least in tolerably deep water. The small

transparent forms, though capable, like the young turbot, &c., of

swimming at the surface, appear to be commoner at the bottom ; at

least I have found them so, but my fishing- operations have very

seldom been favoured with that calm, warm weather which appears

to have the greatest effect in bringing young flat-fish to the surface.

By the time the young fish has acquired the adult form, a

process Avhich is accomplished some time in the late spring or early

summer, it will be found, on any coast with which I am acquainted,

at the extreme margin, either on the open sandy beach or in an

estuary, in company with shrimps and a certain but much smaller

number of dabs, sole, turbot, &c. The little plaice is now about an

inch long, and from that size up to about three inches the young
fish remain very close to the beach throughout the warmer parts of

the year. Indeed, it seems probable that those which fail to reach

a larger size before the winter remain in the same situation

throughout that season. Some at least are obtainable there at the

coldest season, and I have found none elsewhere. Possibly they

bury themselves to some extent in the sand or mud, but I do not

think that they go out to sea, though they may possibly move into

rather deeper parts of an estuary than they frequent in summer.
As the size increases there is a gradual withdrawal from the

immediate neighbourhood of the margin ; thus, in the Humber, there

are only a few fish, comparatively speaking, at the margin which

exceed a length of about 4 inches, while in the deeper parts there

are not very many fish of less than 4 inches. Plaice do not

frequent the deepest parts of the Humber to any great extent, but

in moderate depths, from two to six fathoms, one meets with all
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sizes from about 4 inches up to 12, and in less numbers up to

14 inches. Larger fish are extremely scarce there ; indeed, I

only know of a solitary instance of the occurrence of a 17-inch

plaice in the estuary. The same restriction of size applies to the

shallow sandy inshore water of our own coast, whether estu-

arine or not, and on the vast shallow expanses of the Continental

coast the great majority of the plaice do not exceed a length

of 13 inches. On the Terschelling fishing ground, where the boats

do not go very close inshore, I do not think there are many fish of

less than 8 inches, but further north our vessels get a great many
from only 4 inches upwards. There is always a certain proportion,

not a large one by any means, of fish up to about 15 inches on these

Eastern grounds, with occasionally a very much smaller number of

large fish ; and large fish are found on certain rough patches quite

close to the small-fish grounds.

The small fish are plentiful on the grounds from some time in

March, if the spring is forward, until the autumn, and a bright

calm day in winter is said to bring them out, while heavy weather

from the south-west will cause them to disappear. Trawlers imagine,

I know not with what reason, that they emerge from and retreat to

the ** lakes ^' inside the barrier islands ; also that they bury them-

selves. The former theory, at all events, is very probably in

accordance with facts.

So far we have seen the young plaice, after the completion of its

larval metamorphosis, confined to an immediately littoral or estuarine

habitat. It remains to be seen at what period they pass into the

open sea, or into the more central regions thereof. On our own.

coast there is no obvious migration, but as the fish are never found

in the river or bay beyond a certain size, it may be supposed that

in the autumn the larger representatives pass out to sea, never to

return ; and it may be noted that there is a certain correspondence

between the size at which they leave the river and that at which

the first symptoms of approaching maturity begin to manifest

themselves, though some proportion, I imagine, must spend another

year on the offshore grounds before their reproductive organs begin

to mature.

On the Continental coast, where the numbers of small fish are

very much larger than on our own, there is a most definite migra-

tion seawards, and every autumn our trawlers are certain of finding

a great catch of plaice between the Dogger and the Eastern grounds.

The fish are small, but their sizes correspond to those of the largest

of the fish on the adjacent inshore grounds, none of the very small

ones being present. There can be uo doubt, I think, that they are

the laro-est of the brood making their first journey to the haunts of
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tlieir parents. Once they reach the Dogger, they soon scatter ; but

they can be traced through the later months in the considerable pro-

portion of small fish which are found among the large ones on that

ground in winter, and when the spawning season arrives no doubt

some at least are mature.

We see thus that up to a length of about 12 or 15 inches the North

Sea plaice is inshore or estuarine in habitat ; beyond that the species^

nowadays at least, is practically confined to offshore grounds.

I spoke just now of a theoiy held by longshore fishermen of the

reproduction of the plaice. These men are, or affect to be, totally

unable to appreciate the fact that a fish may differ in its distribution

at different ages or sizes, and maintain that the plaice which they

get in their bays or estuaries are a distinct race, to which they

apply the names of " flat-fish '' or " fluke, ^^ using them in tlie

specific and not the commoner generic sense. The same contention

is held on the Lancashire coast, in the Humber, and, as may be

learned from the minutes of evidence before the Parliamentary

Committee, further down the Lincolnshire coast. The fishermen's

arguments are various, not to say contradictory. The chief argument

is that tbey never get these flat-fish as large as an offshore plaice,

which, of course, is not remarkable. A most curious point some-

times urged in favour of the theory is that the " flat-fish '' never

have a roe in them. How they maintain their numbers without the

use of a roe is not explained. It is true that in answer to a question

on the subject, a fisherman from Skegness (Minutes of Evidence,

5041) said that ripe spawn was found in them in May and June.

I take leave to suppose that this fact was " wrenched from his

imagination;" and, indeed, the mental process by which it was arrived

at becomes perfectly evident from the rest of his answer, viz. that

after these months, in July, August, and September, there are

multitudes of " flat-fish " of one, two, and three inches. Threatened

with the imposition of a size limit for plaice, it is obviously in the

interest of longshore trawlers and slirinipers to maintain the specific

distinctness of tbe " flat-fish."

Though most acknowledge, and all, I suppose, must be aware

that spawn is never found in these small fish, there is no lack of

information, of a kind, as to their life-history. On the sandy

stretches between tide-marks in spring and summer one finds a

number of gelatinous greenish or brownish capsules, attached to

the sand by the insertion of a long filament. These things, which
are well known to naturalists as the spawn of a marine worm, are

strenuously asserted by the longshore fishermen to be that of their

" flat-fish." No attempt, however, is made to dispose of the

intei'val between the unhatched spawn and the fully metamorphosed
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little plaice of an inch long, nor to trace the spawn to the I'epro-

ductive organs of the parent. How much of this theory is actually

believed, and how much is assumed in order to humbug people

whom the shrimper believes to be in the almost unattainable

position of knowing less about fish than he does himself, it is

impossible to say. As long as it can be used as an argument

against interfering with his pursuits it will probably flourish.

I have already explained {supra, p. 378) that the actual existence

of a dwarf variety of plaice in the Baltic, and to some extent on the

North Sea coast of Denmark, may have probably given rise to

opinions that the small plaice on the Eastern grounds do not grow

lai-ger, but that the plaice which are found on these grounds belong

to the ordinary North Sea type, and are simply young specimens

thereof.

The lemon sole is found in most parts of the North Sea, both on

deep and shallow grounds, but occurs nowhere in very large

numbers, and is certainly far from plentiful on the Eastern side

—

at least, large numbers are not caught together ; but, as the fish

has a decided partially for " roughs,^ it may possibly be plentiful

on rocky ground quite inaccessible to the trawler. It is not, how-

ever, by any means confined to rough ground, being found in fair

numbers on the sandy expanse of the Fisher Bank and on perfectly

smooth ground elsewhere. The spawning period is protracted, ex-

tending from April to September, and spawning does not take place

in shallow water. Very little is known of the life-history. Previous

to 1893 young fish of less than about 6 inches were hardly known,

the only specimens accounted for being a few of 2 and 4| inches

taken on the Smith Bank in the Moray Firth, at 20 fathoms, and

two incompletely metamorphosed examples of less than 2 inches

which I recorded from 62 to 80 fathoms on the west coast of

Ireland. It was obvious that the corresponding stages could not

be passed at the same depths in the North Sea

—

il n'y en avail pas

de quoi, but I supposed that at least the young fish were confined

to considerable depths. I was therefore a good deal surprised to

find the species occurring in some numbers in the Humber from a

length of 2 to about 4 inches, and, more sparingly, upwai'ds to

11 inches. They were never at the immediate margin, like the

very young plaice, but in rather deeper water. A certain number of

these very small lemon soles appear to remain in the river throughout

the year, and I do not know anywhere else that they occur. I

have no knowledge of the occurrence of small lemon soles on the

Eastern grounds.

Of the distribution of the common dab and its life-history, it is

Bufiicient to say that it is found everywhere and at all stages in
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every part of the Nortli Sea^ both inshore and offshore, and that,

except in estuaries, it seems to spawn anywhere without regard to

depth o£ water or proximity to land. It may be added that it

appears to eat anything which it can get into its mouth, a faculty

which probably accounts for its universal distribution. Large dabs

occur on the eastern grounds in sufficient numbers to be worth

bringing to market.

The megrim is rare in the North Sea, being almost confined to the

deepest grounds. The witch is much more plentiful, but confined to

the deeper grounds. Immature members of either species are never

found on inshore grounds, nor do I know any ground on which they

can be obtained.

The flounder is chiefly an estuarine fish, and, with the exception

of the Eastern grounds, occurs on no ground worked by deep-sea

trawlers, except at the spawning season.

Spawning takes place at sea, but the young find their way at a

very early age into shallow bays, near the mouths of rivers, and into

estuaries, rivers, brooks, and even ditches, the species being quite

at home in perfectly fresh water. These localities are not quitted

until the fish is ready to spawn, and spawning having been

accomplished, the former haunts are at once regained.

The long rough dab is almost exclusively an offshore fish,

especially in its younger condition. It has no commercial value,

and is not considered by Grimsby trawlers to be fit for human food.

The halibut is very far from plentiful on North Sea trawling

grounds. Practically nothing is known of the early stages of its

life-history. A few immature specimens of considerable size are

sometimes met with on the Eastern grounds, but are not much
commoner there than on offshore grounds.

The sand sole and thickback, of which the latter is of some impor-

tance to south coast trawlers, do not occur, to my knowledge, on

any North Sea ground. Thickbacks are obtained on the Bay of

Biscay grounds to which North Sea steam-trawlers occasionally

resort. The young stages, as far as our meagre information goes,

are found in very deep water, and the species is at no stage to be

found on inshore grounds in northern latitudes.

Round-fish.—Very young cod approach quite close to the shore,

and enter estuaries in very considerable numbers, but the number of

those which pass all stages of their existence in the open sea

appears to be at least as large. Very young whiting frequent

estuaries in enormous numbers, but fish of the same size are plentiful

also on offshore grounds, so that the immature members of both

these species cannot be said to be restricted to either inshore or

offshore grounds. The haddock is more exclusive. It appears to
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avoid estuaries altogether,* thougli both mature and half-grown fish

may approach the coast whei*e no considerable fresh-water outlet

exists. The very young stages (having the adult conformation)

have only been met with on offshore grounds. I am not aware that

very small haddock ever occur on the Eastern grounds.

It Avill be seen from the foregoing remarks that we can generalise

but little with regard to the distribution of mature and immature

trawl fish. We can say that the plaice is an estuarine or inshore

fish in its immature condition, and practically an exclusively

offshore fish when mature. Soles, turbot, and brill are inshore fish

and estuarine fish when immature, but to some considerable extent

are inshore spawners also, i.e. on the Eastern grounds, while the

plaice is not. Haddock, as far as we are here concerned, may be

considered as exclusively offshoi^e fish.

Chap. IV.

—

An Examination, with Statistics, of the Destruction

OF Immature Fish.

a. By Beep-sea Trawling.

It appeared to me, on undertaking my inquiries as to the amount of
.

immature fish destroyed in the ordinary course of the trawling in-

dustry, that this object could best be accomplished by the statistical

method. Accordingly, during my stay at Grimsby I have endeavoured

to keep as exact an account as possible of the amount of small fish

landed there, with as much information as I could obtain about the

different grounds from which the fish were caught. Owing to

press of work in connection with my researches on the definition

of sexual maturity, I was obliged at first to limit the scope of

my statistics to the plaice, which I soon found to be by far the

most important species ; and during the first year I could only

afford the time necessary to take the numbers of small fish. During

the second year I was able to include all plaice, of whatever size,

and also to pay attention to the quantity of small haddock and cod-

ling landed by trawlers, but it has never been possible to attend to the

total numbers of these two species. The destruction effected by

shrimp-trawling and various long-shore fisheries did not lend itself to

statistical inquiry, and for the present my remarks must be under-

stood to apply only to beam trawling by large vessels, or, as it is

generally termed, ^' deep-sea trawling.'^

* Large numbers of haddock about 5 inches long were cast up dead on the shores of the

Humber after the gale of November, 1893. No other kinds of fish were noticed by myself

on this occasion, the only one on which I have heard of the occurrence of a haddock in the

estuary under any circumstances.
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With regard to the plaice (putting aside the estuary of the Humber,

which is the seat of a small shrimping industry, and which annually

contributes an insignificant number of small plaice to the market), it

soon became evident that all the takes of plaice which included

so many small fish that the latter could be packed in separate

boxes, were made on the Eastern grounds—that is to say, on any

part of the Continental coast from Terschelling on the south, to the

Horn Reef on the north, and even further northwards along the

Danish coast to Hantsholm (see chart).

My inquiries were facilitated by the fact that vessels which fished

these grounds seldom worked any others during the same voyage,

so that there was but little admixture in the cargo of the products

of difi^erent localities. The most usual admixture was in the case of

boats which had been fishing off Borkum Island. On the ground

nearest the shore of that island the plaice are all small, but on

Borkum " rough," only a few miles off, there are plenty of fine fish.

Such matters, however, could usually be ascertained in the course of

the collection of the records.

It was, of course, impossible to examine all boxes of fish which

came to market, and to determine how many were mature or the

reverse, so I was compelled to divide my returns into two headings,

—

(i) those boxes which contained large fish, and (ii) those which con-

tained only small.

The limit of sexual maturity stands, as we have seen, at about 17

inches for the North Sea, but this is not recognised in commercial

circles as the natural limit between large and small fish, and I found

it convenient to make use of the ordinary market definitions of these

two terms. A box of " small " plaice, in market parlance, is on©

which contains, except in very rare instances, no fish over 15 inches

in length, and very few, often none, which exceed a length of 13

inches. A box of " large " may contain all sizes, as long as there

are a few large or fair-sized ones on the top. There is an inter-

mediate standard known as " half-fish," consisting chiefiy of sexually

immature fish ; but half-fish are not invariably packed separately,

and it is hard to see what boundary of average size may separate a

box of " half " from a box of " large." I have only found it

possible to deal with two sizes, viz. 'Marge " (including " half") and
" small " as above defined.

Of course, in such a classification a great number of immature

fish are left out of the category of " small," viz. a certain number
nearly always present in boxes of '' large," boxes which barely rise

to the dignity of " half," and boxes which, though almost filled with

small fish, are decorated with a few largish ones on the top.

It may be remarked that the classification is unsatisfactory from
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the biological point of view, but I prefer to use the trade standard,

since the ''practical" man is thereby debarred from raising the

howl with which he usually greets any attempt at what he chooses

to suppose to be a " scientific " method. The actual proportions of

sexually mature and immature fish are deducible from averages based

on the contents of boxes which are here excluded from the " small. ^'

Even among the " small " the fishermen sometimes find it neces-

sary or advisable to introduce distinctions. Usually all fish from

about 8 to 15 inches are packed together, but sometimes there are

so many exceedingly small specimens that they are divided into two
lots, of which the lesser series of boxes will contain fish not

exceeding about 12 inches, and mostly much smaller.

The Eastern grounds, in fact, differ somewhat from each other in

the size of fish caught. Thus the " Skilling " (Terschelling)

ground off the Texel, nominally a sole ground, yields plaice of

which the smallest are usually about eight inches long, so that all

are marketable. The Borkum and Skimliko (Schiermonikoog)

grounds, where the boats go closer in, produce quantities of smaller

fish, down to a size of about four inches ; although none of less

than six, and few of less than eight, are thought worth bringing

home. Very small fish ai-e also caught northwards as far as the

Horn Reef, but north of that the fish are about the same as at

Skilliug. This much the grounds have in common, that, except

recourse is had to the few rough patches already referred to, hardly

any fish are caught which exceed the market standard of " small,"

and only the most infinitesimal proportion of really mature fish are

taken.

When these grounds were first worked, and for many years after-

wards, it seems to be an undoubted fact that they abounded with

large fish. Some say that there were no small ones then, but the

general and much more probable report is that the little ones were

always there as well, but were simply shovelled overboard (just as

the very small ones are now), and so never made their appearance

in this country. It was only when the large fish failed that the

small ones began to be heard of. On the grounds "below" (north

of) the Horn Reef it is said that originally there were only large

fish, and it seems to be held that the fish there now are larger than

the rest. Of this I have not been able to convince myself, either

by personal inspection or by observing the fish landed from there,

but cei'tainly there are no very minute fish on the trawling grounds

in that region.

It is certainly a fact that large plaice are to be caught north of

the Reef, but this is in the autumn, and on grounds which lie

further out than those frequented by the small. The latter ai'e
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found in the summer anywhere along the coast, quite close in

from the reef to the Holmen, the ground about the mouth of the

Limfjord being perhaps one of the most productive grounds.

Moderate-sized fish, of which some 24 per cent, may be sexually-

mature, are to be had at the same season in the offing, but within

the moraine previously mentioned. The small fish, I find from my
records, were still close in to the Holmeu up to the last week of

August, 1892, though I could find but few of them there a month
earlier, probably on account of bad weather.

On the other hand, about the middle of September a quantity of

fine fish always appear in the same locality, but further out, viz.

about twelve miles off the light. They stay there for some time,

and our boats never neglect to take toll of them, 200 boxes being by

no means an unusual " voyage " for a steam trawler. The natural

question as to whence they come and whither they go may for

once, I think, be answered with some degree of confidence. It has

long been known to Baltic naturalists that plaice, larger than the

dwarfed native breed, enter the Sound and Baltic in the summer.

The Danish fishermen called them " priest's flounders," as being

fitter to cope with the sacerdotal appetite than the small natives :

naturalists, regarding the Baltic dwarf as the type, considered the

immigrants in the light of a variety (P. platei^sa var. horealis,

Oottsche). They are, in fact, ordinary North Sea plaice, and come,

I have little doubt, chiefly from the Great Fisher Bank, whither

they appear to return in the autumn, via the Holmen ground

;

picking up, most likely, some recruits on the way. There are plenty

of large plaice on the Bank in the winter and through the spawning

season, but after that, and throughout the summer and early

autumn, there are comparatively few there. If the Baltic and

Holmen migration theory is correct this is easily accounted for.

The above is rather a digression from the subject of the present

chapter—the destruction of immature fish—but it leads us to a point

which has a distinct bearing on it. The Horn Reef seems to form

a natural boundary between different plaice nurseries, of which the

most considerable is of course the vast area of small fish ground
south of the reef. I have been inclined to suppose that the

grounds north of the reef are the nursery for the Fisher Bank
plaice, and that the larger among the little ones find their way
thither every autumn ; but of this I have no proof.

But, as regards the grounds south of the reef, it is hardly

possible to doubt that they furnish every year a contingent to the

Dogger and other central grounds. About the end of July our

trawlers regularly set out, unless they have better sport in hand,

to the White Bank, Clay Deep, Back of the Scruff, Rising Grround,
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&c.—grounds wliich a glance at the chart will show to be exactly

on the line from the small-fish grounds to the Dogger,—and there

capture a considerable quantity of small plaice. There may be an

admixture of larger fish, but the bulk and often the entire catch

consists of plaice measuring from 12 to 14 inches. There was no

quantity of such small fish on the off-shore grounds before, and

they correspond exactly to the largest sizes of the fish on the

Eastern grounds, while the time corresponds to that at which the

'' body " of the small fish disappear from these grounds. The

fishermen consider that they are travelling some whither, and not

feeding at the locality of capture ; and of the nature of their migra-

tion I think there can be no manner of doubt. What chiefly con-

cerns us here is the evidence of a large destruction at a certain

season of the year of (practically exclusively) immature fish on

grounds which lie some fifty or sixty miles from the nearest

land.

The following table gives, I believe, a very nearly exact account of

the plaice landed from the 1st April, 1893. I cannot speak as to

the accuracy of the total amounts previous to that date, as my own

statistical inquiries, from January, 1892, to April, 1893, only dealt

with the " small " fish. In order to get the other amounts for the

earlier period I was obliged to make use of the oflBcial returns, what-

ever they may be worth, arriving at the amounts of "' large " by

subtracting my own account of the " small," and in June, July,

and August, 1892, deducting an amount estimated as the product of

the Iceland fishery. For this purpose I deducted only 800 boxes.

The number was probably larger, but as I had not kept an exact

account of them I preferred to be on the safer side.

My own returns in this table deal only with fish landed by deep-

sea trawlers. The Board of Trade figures presumably include also

whatever plaice are landed at or sent to the market by shrimpers

and other long-shore fishermen, which I have preferred to deal with

separately. I also exclude from this table any fish which have been

consigned to the market from abroad, or, to my knowledge, from

other British ports, since such can have no possible bearing on the

Grimsby fishery ; but I do not see how the official returns, being

based on quantities despatched from the market by rail, can possibly

distinguish between fish landed by fishing vessels, and those which

arrive at the market by any other means. Consequently the total

amounts previous to April, 1893, being taken from official returns,

are rather different in scope, as well as in method of collection, from

those from April, 1893, onwards ; but the amount so excluded from

my own returns is not sufficient to make any considerable difference.

I should add that there is one large fleet belonging to Grimsby, which
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Table shoiving tlie Weight, Bulk, and approximate Number of Plaice

fishing power {in voyages of steam-trawlers)
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landed at Grimshy hy deep-sea trawlers, and [col. xvi) the diversion of

from the North Sea grounds in each month.
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makes a practice of landing its fish in London^ but at rare intervals

sends a cutter to Grimsby. Fish landed in this way are omitted

from my own returns, as I think that to include them might lead to

erroneous conclusions as to the abundance of supply.

From various causes it was not possible to keep the records for

several days in various months, and, in order to remedy the omission,

I have made up the amount by means of averages. The method is

not an exact one, perhaps, but is probably sufficiently so for our purpose

here. In the Journal, where my statistics have already been published

in a simpler form, I have made no attempt to supply the omissions, but

have simply made a note of the number of days on which uo record

was made.

The Board of Trade returns deal with weight, while I prefer to

use the box as the unit of calculation. Indeed, no other method is

possible in statistics taken on the pontoon. The official weights have

therefore been converted into boxes in the earlier period, but as

weights are more intelligible to many people, I have retained them

also, and in the returns since April, 1893, have computed the boxes

from my own record in weights.

I must explain that at Grimsby a '' box " of fish means a box

packed in such a way that a considerable number of fish are above

the level of the top ; a box which is only filled up to the top is

called a " level. ^' Boxes of North Sea plaice, as I am informed by

fish buyers, and as I find by experiment, average a weight of nine

stone ; but boxes of plaice from Iceland, owing to the larger size of

the fish, can be packed much higher, and are so packed with a view

to tempt the rather unwilling market, and weigh about ten stone

each. Accordingly cols, v and xiv require different treatment for

conversion into weights.

When a vessel is " single-boating," the fish are landed in baskets

and packed in boxes upon the pontoon, but in "fleeting" large

plaice are packed in boxes on board of the vessel which catches

them, and placed on board the '' cutter '^ for transport to market.

In this case, for convenience of stowage, the boxes are only filled

up to the top, consequently fish derived from fleets are sold in

" levels." ^ A certain allowance of large plaice has to be made for

home consumption, and this, I believe, has been done with suffi-

cient accuracy in counting " levels " as '' boxes," though the

allowance ought really to be spread over the whole year instead

of appearing, as it does by my method, highest in the chief fleeting

season. I do not know that there is any home consumption of

small plaice.

The approximate numbers of fish are derived by multiplying the

* Small plaice are always sold in " boxes," whether derived from fleets or single-boaters.
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boxes by tbe average number wliicli a box of each class contains.

In the case of " small " I have taken 250 as the average. The

usual number is rather greater, and sometimes very much greater,

if the fish are unusually small, but I prefer to run no risk of exag-

geration in this matter. I may say that I have never seen a box

of small fish which would have numbered anything like 1036, but

we have it, on the authority of Mr. Toozes, that at least one such

box has been sold at Billingsgate.* I should say that 400 would

be an extreme number for a Grimsby box. The same authority

spoke {ibid.) of 40 to 45 being the contents of a good box of

plaice, and I have often heard it said that a box of "large" fish

contains about 50. The fact is, however, that nowadays a full box

of so-called " large " plaice, taking one ground with another,

averages about 100 fish ; the idea of the smaller number being a

tradition which dates from the times when really large fish were

plentiful in the North Sea.

Iceland plaice are of course much larger, especially when derived

from the open grounds. Thus a ten-stone box contains only about

30 fish. The fish landed from Iceland in 1892 were almost all

from the open grounds, and I accordingly used 30 as the average

per box, but on account of the considerable number of smaller

fish brought in from inshore grounds in subsequent years, I con-

sidered 40 to be a safer average.

It will be understood, of course, that the numbers of fish in the

preceding table are those which are contained in the boxes sold as

" large " (including " half ") and " small " respectively, and are

not intended to represent the numbers of actually large and small

fish landed. To arrive at that fact approximately we must have

recourse to a further process of conversion. The boxes containing

only "small'' fish come, as we have seen, exclusively from the

grounds on the Eastern side; and of the remainder, even of those

in which the largest are only " lialf fish, all but a compara-

tively insignificant proportion are derived fi'om grounds other than

the Eastern.

The sizes of fish taken on these grounds differ considerably

accordiuo- to the ground, and on some grounds according to the

time of year, but we shall be safe in saying that a box of " large
"

contains, on an average, 30 per cent, of fish which fail to reach the

biological standard of 17 inches, and 10 per cent, of fish which are

less than 13 inches. I do not think it would be an exag-

geration to say that there are 30 per cent, of actually immature

fish, whether male or female, but it is difficult to make a perfectly

reliable average, and that which I have formulated above, being

* N.S.F.P.A., Rep. Conference, 1892, p. 11.
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well within the mark, must suffice for our present purpose. A box

of " small " contains at least 90 per cent, of less than 13 inches, and

100 per cent, of sexually immature.

I do not know what may be the standard of maturity in Iceland

fish, so have restricted my calculations to those derived from the

North Sea. The results are given in the following table.

Table showing the numbers and proportion of plaice of different

sizes landed at Grimsby by deep-sea trawlers in one year.
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appear^ in the case of the series of columns dealing witli fish of 13

inches and above, and those which fail to reach even that modest

standai-d of size. It will be noticed that if we eliminate the months

of March to August inclusive, the proportion of very small fish is

not a large one.

I have never made any attempt to collect the numbers of fish

under 8 inches, the limit proposed by the Parliamentary Com-
mittee, because there is no necessity to do so. No one conversant

with the Grimsby market will be disposed to say that the subjoined

table of proportions is far from the mark :

Proportion of plaice landed at Grimsby : 8 inches and above,

99*9 per cent. ; less than 8 inches, O'l per cent.

Unfortunately the small fish landed at Grimsby by no means

comprise all those which are destroyed by Grimsby trawlers.

Certainly on any but the Eastern grounds very few unmarketable

fish are caught ; and on the Terschelling ground and those north

of the Horn Reef there are no very small fish, but between the reef

and Terschelling the trawl often brings up a quantity that are not

saleable. I cannot attempt to estimate the quantity annually

captured in this manner, but can give an instance which perhaps

will serve sufiiciently Avell. In 13 hauls made in the neighbour-

hood of Borkum and Schiermonnikoog 141 baskets of plaice were

caught. Of these 93^ contained saleable fish from about seven to

thirteen inches, which were brought to market. The remaining

47^ baskets, consisting of fish of about four to seven inches, were

shovelled overboard. In actual numbers probably more fish were

thrown away than were brought home.

The question has often been asked, is a fish killed by being caught

in the trawl ? The answer given on all hands is that it depends

upon circumstances. It depends also on the kind of fish, since flat-

fish as a class are rather hardier than round-fish, and some flat-

fish are hardier than others. The plaice, with which we are now
dealing, is about as hardy as any, and if the ground is clear, and

there 1"- not much weight of fish in the net, a plaice will survive a

short haul, and even a moderately long one ; but the smaller the

fish, the more liable it is to injury.

When there is a big bag of fish, many of them will be mortally

injured, even in only a moderately long haul on clear ground, the

small ones especially being liable to be crushed or jammed between the

meshes of the net; but if the ground is dirty, with quantities of

weed, or, still more, if it is soft, with either loose sand or mud, the

fish has not much chance of survival.

The length of haul depends a good deal on the nature of the ground.

Thus on open grounds I find the average duration of a steam-
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trawler^s haul is about six hours, but some skippers make even a

shorter average haul. On intricate ground the haul must be shorter,

and averages about three hours. The hauls made by smacks when
single-boating are rather longer, averaging about seven hours on

open and five hours on intricate grounds. Fleeting smacks make,
I believe, rather longer hauls as a rule. On the Eastern grounds,

especially when there is a " body " of small fish, the hauls are gene-

rally rather short.

But granted that the small fish comes aboard alive and well, it by

no means follows that it regains its native element in the same
condition. The chances are that, on a steam-vessel, the bag of fish

is left swinging about from the derrick for a quarter of an hour or

so while the crew are occupied in shooting the second trawl, so that

the whole weight of the catch is on the undermost fish. Then the

cod-end is untied, and down comes the whole collection with a crash

on to the deck, which cannot be particularly healthy for the small

ones. On a smack which only carries one trawl, if the position is

favourable for shooting again without a long beat up to windward,

all hands set to work to get the trawl cleared, and mended, if neces-

sary, before the fish receive any attention. When there is time to

attend to the fish it is done in the manner calculated to take least

time. The turbot must be picked out and bled as soon as possible,

and all the marketable fish are cleaned, or at least sorted in sepa-

rate pounds on the deck, before the small stuff and rubbish is

shovelled overboard. On a fleeting smack it may be necessary to

pack all the big fish for transference to the cutter before anything

else can be doue ; and in any case, though some small plaice are

occasionally alive when pitched overboard, and though I have known
a more than usually provident skipper pick out and return a few

small plaice, and even moderately large turbot, it may be taken that

if a fish is caught by a deep-sea trawler, it is done for, whether it

comes to market or not.

A few words as to the share of different vessels in the destruction

may not be amiss. It can be best illustrated, I think, by the

records of a single month. I have not kept my returns in suffi-

cient detail to give particulars for the whole pei'iod.

In May, 1893, there were landed at Gritnsby 7644 boxes of

" small " plaice from the Eastern grounds. Of these, 5587 boxes

were contributed by steam-trawlers in twenty-nine voyages, viz.

twenty-two voyages by British and seven by foreign steam-trawlers.

The remaining 1738 boxes were landed by smacks. Some of the

smacks were " sincfle-boatino- " but most of the stuff was derived

from three fleets working the Terschelling sole ground and eastwards

to Borkum. I have not the exact numbers by me, but certainly



OF THE GRIMSBY TRAWL FISHERY. 413

not less than forty sail were engaged, and yet landed only about

one fourth of the amount which was brought in by the steam-

trawlers. The twenty- nine " voyages " of the latter might have been

effected in the time by only eight or ten vessels. It must be added

that the prevailing calms or light winds tended to bring the dif-

ference of efficiency as between steam and sail power into greater

contrast, as the smacks, in addition to difficulty in fishing, were

considerably delayed in landing, the particular fleets engaged being

dependent on themselves for ''cutters/^ instead of having steam-

cuttei's.

I have little knowledge of the proceedings of vessels which do

not land their catches at Grimsby, but I gather that, in proportion

to the strength of the fleet, as much small plaice is destroyed by
Hull as by Grimsby boats. Indeed, I was given to understand

that in 1892 two large Hull fleets paid a visit to the small-fish

grounds, though they did not stop there long. Grimsby during

that year had only one small fleet on the Eastern side.

At the Conference of 1890, a number of Hull and Grimsby
smack-owners voluntarily bound themselves not to send their fleets

to fish a defined area, the western limit of which is shown on the

chart by a chain line. This engagement, which does not appear to

have applied to steam-trawlers or " single-boating " smacks, has,

so far as I know, been carried out. It will be observed that the

area does not include a large stretch of ground frequented by small

fish.

Of Lowestoft proceedings I know even less, but I am bound to

say that I have read the evidence given before the Parliamentary

Committee from that port with some surprise, if with no less re-

spectful sentiment. The grounds worked by Lowestoft vessels were

roughly defined by a witness as lying between the parallels of 51*30°

and 5o'30 , and it was stated that boats rarely went to the grounds

about Heligoland.

Unless I have been misinformed, there were at the time three

fleets of Yarmouth and Lowestoft boats engaged along the coast

from Terschelling to Borkum, i. e. about the northern limit of the

aforesaid rough definition and a little beyond it. There were also

one or two Lowestoft boats in a fleet landing at Grimsby.

Evidence was given that soles or plaice of less than 8 inches were

hardly ever seen at Lowestoft. I can only say that our vessels

seemed to be catching plenty of smaller plaice on the same ground

as the Lowestoft men, but perhaps the latter were fortunate enough

to avoid them.

Very small plaice or soles are rarely seen in the Grimsby market

in winter, and if by chance a few boxes attracted my attention I was
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almost always informed that they had been culled out of a consign-

ment from Lowestoft.

I found it impossible to keep statistical account of the mature

and immature soles landed, nor have I made any attempt to secure

even the total numbers. I may remark that large numbers are con-

signed from abroad, and some from our own western ports, but I am
not aware whether these have been deducted in the preparation of

official returns. If they have not, the returns are worse than useless.

With regard to the destruction of immature soles by deep-sea

trawlers, I have myself seen one immature specimen caught in the

course of my peregrinations on board of Grimsby vessels. I have exa-

mined a good many catches brought to market, but have never been

able to find any large proportion of undersized
;
probably the whole

amount of sexually immature fish does not exceed 30 per cent.,

nor is there evidence that many soles too small for market are

destroyed at sea by G-rimsby vessels. I do not know that any of

less than 8 inches are brought in. I often hear of quantities of very

small soles being caught, but whenever samples have been submitted

to my inspection they have consisted exclusive of solenettes {Solea

Intea), useless creatures which never grow more than about 5

inches long. Such seem to be common on the Well Bank, and also

on the sole and small plaice grounds on the eastern side. The very

small stages of the common sole appear to me to live too close inshore

for our deep-sea trawlers to get at them.

I have not been able to collect continuous statistics of the proportion

of immature turbot landed. Turbot and brill are always laid out in

rows for sale, and to collect the total numbers and proportions of

large and small would involve counting every fish on the pontoon

—

a task for which my other occupations left no leisure. However,

by counting them for a considerable number of days one probably

arrived at a fairly trustworthy estimate, and by this method I found

that the proportion of fish under 17 inches does not exceed 30 per

cent, except during the time when the Eastern grounds are being

worked. The limit of sexual maturity in the female stands at about

18 inches, but I have not made any calculations upon that basis.

Of the fish from other than Eastern grounds which failed to reach 17

inches, I always found that a large proportion were mature males,

since the male maybe fully mature at only 12 inches. Very few fish

of less than 12 inches are brought in from any ground, and I do not

think many are caught by deep-sea trawlers. I do not know that

any of less than 10 inches are caught.

But, as regards sexually immature fish, the number caught on the

Eastern grounds is very considerable. Thus in June, 1892, the

aggregate of thirty-one " voyages " of steamers and smacks on the
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Dutch, German, and Danish coast comprised 4623 turbot, of whicli

786 or 18 per cent, measured 17 inches or more, and 3837 or 82 per

cent, were less than 17 inches. The highest proportion of immature

reached in individual voyages vi^as 100 per cent, and the lowest 28

per cent., but in only two instances did it fall short of 50 per cent.

In the following month of the same year eighteen voyages com-
prised 2435 fish, of which 69 per cent, were less than 17 inches. This

slight diminution in the proportion of the immature seemed to be

related to a slight movement ofPshore of the bulk of the small plaice

on which the Eastern trawl fishery is mainly dependent. The
smallest turbot appai*ently lived closest inshore.

With regard to brill I have not much evidence of any very exten-

sive destruction of immature members ; it appears rather variable.

As a rule, not very many are brought in from the Eastern grounds,

but sometimes the proportion is quite considerable. I cannot

attempt to formulate a percentage, but can at least say that it is

much less than in the case of turbot. A lot of immature brill are

sometimes landed from our own coast near Mablethorpe. Vei'y few

brill of less than 10 inches are landed by deep-sea men from any

ground, and I think very few are caught. I have hardly ever seen

an 8-inch brill in the market.

The proportion of immature lemon soles landed from any ground

is not very considerable. A good many are sometimes brought in

from grounds near our own coast, and a number of very small ones

are said to be caught sometimes about the Inner Dowsing, but on

the whole I do not think the destruction that takes place is of great

moment.
Though a flat fish of the hardier kinds has, under the most

favourable circumstances, some small chance of surviving its capture

in a deep-sea trawl, it may be taken that a round fish has none.

This is partly due to structural differences of the gill-cover, which,

adapted to the burrowing- habit in flat fishes, proves also efficacious

in keeping the gills closed, and therefore moist, when out of water ;

but the chief difficulty with which a I'ound fish has to contend is its

air-bladder. All the trawl round-fish usually met with in the North

Sea are provided with a closed air-bladder, by the contraction or

expansion of which the fish is enabled to maintain itself at any

depth which it desires ; but it is only able to adapt this apparatus

to gradual changes of depth. Consequently, when it is suddenly

drawn up from comparatively deep water, the diminution of external

pressure is not sufficiently gradual to allow of the muscular

apparatus keeping due control of the gases within the bladder. The
latter expands, and the fish, though it arrive at the top otherwise

uninjured, cannot get down again. Thus when the trawl warp is.
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straight up and down in hauling, a number of round-fish usually

float np to the surface through the mouth of the net or the large

meshes of the square, and, engaging the attention of the gulls,

perish without ever coming on deck. Moreover I believe that

pressure or injury in the trawl ma}^ induce what I suppose is a para-

lysis of the muscles of the bladder, so that the same effect is not

invariably due to mere alteration of bathymetrical position, but the

result, which would be the same in either case, is more important

to us at present. The fish, if its injuries be confined to the

•expansion of the bladder, is certainly not beyond remedy, but the

remedy must be rapidly administered. Liners, who commonly work

in deep water, succeed in bringing many of their fish home alive in

the well, and these may live in floating- boxes for months afterwards.

The method adopted is to release the expanded gases by pricking

the fish with a needle, and letting the air escape, great care being

taken not to puncture the liver in the pi'ocess. I will leave my
readers to conjecture what chance there is of trawl fishermen

adopting this practice with regard to unsaleable round-fish. In

any case the fish would have to be returned to the water very

shortly, and probably most of them would be dead ere the surgical

assistance arrived.

I have made no attempt to estimate the proportion of sexually

mature and immature cod landed by trawlers. It would be

extremely difficult to do so, since the larger immature fish are much
mixed up with mature ones. I paid very little attention to the

species at all until the winter of 1892, when my attention was

attracted to the considerable and, as I was told, unprecedented

quantities of codling which were being landed by trawlers from

certain grounds.

Local custom divides the individuals of this species into four sizes.

Up to about 20 inches they are " codling," thereafter they rank as

'^ sprags," until at about 30 inches the dignity of "half-cod" is

attained. Larger fish are simply " cod." A sprag is therefore on

the borderland of sexual maturity, a condition of which all codling

fall short.

The catches of codling to which I have referred first became

noticeable in November, 1892, and were all derived at first from

about a ground known as the Yorkshire Hole or Sole Pit. The fish

seem to have continued there until February, and were chiefly

pui'sued by several steam-trawlers. The largest " voyage " landed

comprised 122 boxes for about a week^s fishing. Towards the end

of February a good number began to appear from off Flamborough

Head, 40 boxes being obtained thence by one vessel, but they did

not remain there very long.
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As a rule, codling do not form a very important item in a trawler's

voyage. They are to be had everywhere, but nowhere in very

large numbers,—a few boxes, perhaps only half a box, being a

common feature in a voyage. Considering it probable that there

might be a regular migration of these fish to the grounds mentioned,

I commenced to take account of all trawled codling brought to

market, but there has been no recui-rence of anything like a similar

congregation of the fish, though the total number caught has not

diminished, as the following figures show :
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Smaller fish are sometimes, like the small cod, entangled in the net

amongst weed or other rubbish.

Small haddock are trawled on pretty well all the grounds of the

North Sea, except on very shallow inshore areas. They are packed

separately from the larger ones, though boxes of large fish contain

a proportion which are actually immature. I have collected the

number of boxes of small fish landed since October, 1892, and

append the figures for whatever they may be worth, in the absence

of statistics showing the total amount of all sizes collected in the

same way.
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and brill may be occasionally caught^ as on other coasts, but I do

not know for a fact that they are.

Though the smaller kiuds of flat-fish are not generally fished for

by inshore liners on that part of the east coast of England with which

I am best acquainted, there is at Scarborough a regular line-fishery

for soles during a part of the year, but practically no immature

soles frequent the ground. In Lough Swilly, on the noi'th coast

of Ireland, there is, as I am informed, a considerable destruction

of small soles by line-fishers, but I know of nothing of the sort in

the North Sea.

Inshore trawling.—Of the proceedings of inshore trawlers in the

Wash, and on the coast to the south, I have no special knowledge.

North of the Wash to the Humber I do not think there is much trawling

within the three-mile limit. From Donna Nook to the Tees estuary

the legitimate use of the fish-trawl in inshore waters is restricted to

a portion of Bridlington Bay, but I am not acquainted with the

results as regards immature fish. There was formerly a good deal of

fish -trawling in the Humber, but this is now forbidden by the bye-

laws of the local Fisheries Committee, though the practice has not,

I believe, been eradicated. With the exception of a small propor-

tion of large soles between July and October, there are no mature

trawl-fish, except dabs and flounders, in the river. Whatever

destruction now takes place may be best considered in connection

with shrimp-trawling.

Shrimp-trawling.—Shrimp-trawling is carried on in the Humber,

under the provisions of the Fisheries Committee's bye-law, from the

1st March to the 31st October. About fifteen cutter-rigged boats are

engaged. The largest is of 22 tons; about eight are from 8 to 11 tons,

and the remainder from 15 to 18 tons. All carry similar gear, viz. a

trawl of shrimp mesh, with a beam not exceeding (by enactment) 20

feet in length, and a thick hempen ground-rope. Some of the lai^ger

vessels also possess what are called sole-nets, viz. trawls of a larger

mesh than that which is used for shrimps, and, in spite of the

provisions of the bye-law, did, within quite recent times, use them

in the river ; but I believe that the Committee's officer, though

hampered by the want of anything in the shape of a police-boat,

has done a good deal to check this practice. Be this as it may, all

fish brought to market by these boats purport to have been caught

in the pursuit of their legitimate industry, so may be considered

under the present heading.

The fish landed consist of soles, plaice, flounders, and a few

common dabs. The quantity of fish landed is never large, and

would hardly deserve consideration were the general supply more

abundant.
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Soles, Tiowever caught, are not very numerous, sixty pairs being

considered a very fine night's work for one boat, while the quantity

is usually very much less. Unfortunately they are nearly all imma-

ture. Indeed, up to the end of June hardly a mature fish is to be

found in the river. About the beginning of July a certain number

of larger, spent fish begin to drop in, presumably from the offshore

spawning grounds. They do not remain long, and very few Humber
soles of any size appear in the market after September. The

smallest fish landed measure about six inches ; at the period of the

greatest abundance of mature fish I do not think that the latter

ever exceed 16 per cent, of the total, while prior to July about

88 per cent, are immature.

The plaice brought ashore are sold mixed up in boxes with

flounders and dabs. Six hundred of such boxes would probably

more than represent the total products of the whole fishery for a

season. The plaice measure from 6 inches up to about 11 inches,

but some reach a length of 14 inches. I found a box brought on

the pontoon, and fairly typical to all appearance, to contain 425 plaice

from 6 to 11 inches (averaging 7'71 inches), and 34 flounders from

5 to 13 inches.

I have devoted considerable attention to the question of the

destruction of small fish by shrimp-trawling in the Humber, and may
briefly summarise my results.

It must first be remarked that " shrimp-trawling " is an ex-

pression used to comprise the fishery for two distinct creatures,

viz. the common brown shrimp {Orangon vulgaris), and the pink

shrimp or prawn {Pa)idalus annulicornis\ which must not be con-

fused with the true prawn {Palsemon serratus) of the South coast,

nor with the Norway lobster {Nephrops norvegicus), though all the

last three species are often spoken of as prawns.

Speaking generally, shrimps and prawns do not consort much
together ; the shrimps prefer the shallow grounds, in most cases

near the margin ; while the prawns affect deeper water, on grounds

covered with " ross,'' the accumulations of a tube-forming worm
[Sahellaria) on which the prawns appear to feed.

Very few flat-fish are found on the prawn-grounds, and conse-

quently when prawning the boats catch very few of them. The
eight or nine smallest boats restrict themselves almost entirely to

prawning, and so do little harm to the flat-fish. On the shrimp-

grounds, however, there are many small plaice, the capture of which

is unavoidable. Large numbers of dabs are also caught, and a

fair number of soles may likewise be present on the shrimp-grounds.

The bulk of the Humber soles, however, seem to affect rather

deep parts of the channel, with a bottom of mud or clay, where no
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fisherman would go if lie really purposed to get a good bag of either

shrimps or prawns.

Great numbers of whiting, mostly very small, and considerable

numbers oE very small cod, are found in all parts of the river worked

in either shrimp- or prawn-trawling, but none of these are ever

brought ashore, and only flat-fish of the sizes which I have men-

tioned reach the market, though many much smaller ones are caught.

A certain number of lemon soles are taken, but nearly all of them so

very small as not to be worth keeping.

Having thus briefly glanced at the capture of small fish by shrimp-

trawling, it remains to consider what proportion, apart from the

comparatively small number landed, are thereby destroyed*

I have made it clear, I think, that on the prawning-grounds the

quantity of flat-fish taken is not of moment, so that prawn-trawling

may be dismissed as practically innocuous to those kinds of fish.

The shrimp-ground known as " Paull Middle," which lies con-

siderably higher up the river than the rest, does not furnish a very

significant amount of flat-fish, and on the lower grounds, though a

considerable number, including very small and delicate forms, are

taken, the number is nothing like that of which we have evidence

from the Mersey shrimping'-grounds on the North-west Coast.

In the ordinary course of the Humber industry, when the trawl

comes on board its contents are shot into a box, or on to the deck,

and as many as possible of the unsaleable products are picked out

by hand and pitched overboard. In this way quantities of hard-

heads [Coitus), bull-routs [Agonus], and gobblers [Liparis) find

their way back to the water, as also any number of shore-crabs and

swimmer-crabs. I think it would be wiser to destroy the hard-

heads, the gobblers, and the swimmer-crabs, as all these seem very

destructive, and are of no known use. I do not find, from the

contents of their stomachs, that the bull-routs do much harm
;

and the shore-crabs, though destructive, deserve some consideration

on account of their function as scavengers.

By the same process the young whiting and cod, being of no

value, are returned to the sea,—to be out of the way, if with no more

provident intent. The saleable flat-fish are put on one side ; the

remainder, if large enough to attract attention, being thrown over-

board. Unsaleable soles are most carefully returned, their future

value being most fully recognised by the shrimpers.

The catch of prawns or shrimps having thus being roughly

cleared, is placed in the sieve and riddled over the side of the boat.

The bottom of the sieve consists of parallel wires, with occasional

* For a detailed discussion of the Humber shrimp-trawling question vide Journal Mar.

Biol. Assoc, vol. iiij p. 90.
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cross-bars to ensure rigidity. In their own interests many of the

fishermen have the wires three pennies' thickness (about -^ inch)

apart, and wish that this gauge might be made compulsory, as the

use of finer sieves tends to lower the market price of the prawns.

Until I had made the experiment I did not suppose that small

flat-fish would be likely to pass through such a sieve, but as a

fact they do, and thus practically all that are too small to have

been picked out in the first sorting by hand find their way back

into the river, in company with the smaller prawns or shrimps.

Fortunately it is absolutely essential to the profitable conduct of

the fishery that all these operations should take place in so short a

time that the shrimps can be got into the pot alive, and that the

latter should be as free from rubbish as possible. I have known

Thames shrimpers to boil the whole hotch-potch of shrimps and

small fish together, and sort them afterwards, but the Humber men
always sort them first.

Thus we see that the interests of the shrimp-trawler compel him

to return all unsaleable fish to the water as soon as possible. But, as

it may occur to the reader, we have seen that the mere fact of being*

caught in the trawl is frequently fatal to fish in deep-sea operations,

and it may be asked—is not this equally the case in shrimp-trawl-

ing ? My answer, after careful experiment, is in the negative, and

for the following reasons.

The shrimp and prawn-grounds are none of them of great extent,

they are intricate, and can only be worked with the tide, so that

short hauls are an absolute necessity. I do not suppose a haul often

much exceeds two hours, and I consider one hour to be about the

usual period.* The g'round is mostly clean, or the boat is brought

up if the net gets among clay banks or much rubbish, and the men
are obliged to haul. The shrimp-mesh is very fine, and very stiff,

the cotton being heavily tarred, and it is rather a rare thing to find

small fish jammed amongst the meshes. A larger mesh, more liable

to open and shut, would probably be more injurious. As a fact I

find that the fish come on deck alive and vigorous, unless they happen

to have been spitted by the prow of a prawn or nipped by a crab.

No doubt the most delicate forms are the whiting and cod,

especially the former, and if either are allowed to lie on deck they

soon succumb. If pitched overboard at once they swim off

apparently none the worse, since the depth of water is not suflficient

to cause loss of control over the air-bladder on being brought to the

surface. I have made experiments to test the vitality of these fish,

and find that even in the unfavourable conditions of a tub of

* If the hauls ever exceed an hour it is in contravention of the Committee's bye-law on

the subject.
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stagnant water a large percentage will survive for an hour, and that

fish which appear sickly at first, for the most part recover after a time.

Of the flat-fish the little plaice were especially hardy, and would

survive not only a good deal of exposure on the deck before being

placed in water, but also the two miles' jolting in a cart involved in

conveying them from the docks to the Cleethorpes Aquarium,—

a

process which proved too much for most of the cod and whiting.

Soles'^ and lemon soles are seldom injured by capture in a

shrimp-trawl. The latter are especially hardy, and a number of

very small ones survived all the vicissitudes of capture and travel,

and lived for about a year in the Cleethorpes tanks, where they

would probably be still flourishing if they would only have let each

other's tails alone. Soles which had been chafed, either in the net

or in handling, ultimately died in the tank, as they always

appear to do in confinement ; but I do not think it follows that they

die if returned to the sea, as specimens are trawled which have

evidently recovered from serious wounds.

Dabs, especially very small ones, are delicate, and will survive

but little exposure on deck, or injury from chafing. This matters

the less, as the species, being a keen competitor in the matter of

food with more valuable kinds, is not deserving of any special

protection.

Flounders are about as hardy as any fish I know.

I consider, therefore, that we may acquit the Humber shrimp-

trawlers of any very great destruction of small fish other than those

which they bring ashore to sell. I do not pretend that the same
judgment can be passed on the industry as conducted on the north-

west coast.

Longshore shrimping by shove-nets.— If, however, we acquit the

trawlers, we can hardly do the same for the shore-shrimpers. The
shove-net used along the Humber sands (and southwards along the

whole coast of Lincolnshire, I believe), is a sufficiently formidable

engine. The frame is shaped like the letter T, the cross-piece re-

presenting the beam, which is nine feet long, with a short iron

upright at each end ; while the shaft, represented by the body of

the letter, is rather shorter, and has a short transverse handle. The
lower end of the net is laced to the beam and uprights, the upper

end being gathered on to an iron ring, which is drawn up the shaft

by means of cords passing through the handle of the latter. In

this way the belly of the net is made exceedingly rigid, and its

meshes are almost closed, so that shrimps, &c., slide right up into a

small bag situated just below the ring.

These nets are shoved along the margin at low tide, either by

* Except on muddy grounds, where shrimpers have no legitimate business.
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right or day. Great numbers of small fisli are caught, and many
undoubtedly destroyed, since the men are not always so careful as

they might be to sort them at the margin. Small soles, turbot, and

brill are certainly returned at once if observed, but " flat-fish,'^ i. e.

small plaice, are not held of much account.

The following is, I think, a fair sample of the catch of one net

for a single tide. The worth of the shrimps was estimated by the

captor at 2s. 6d.

Shrimps

Sole
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Shrimp-seine or Horse-net.—In addition to the shove-net, there is in

use along the south shore of the Humber, and along the Lincoln-

shire coast generally, a still more abominable engine, variously

known as a shrimp-seine or horse-net. This is nothing more or

less than a trawl of shrimp-mesh, with a mouth 18 feet wide, kept

open by a pole. Two short wooden beams, heavily loaded at the

lower end, serve to keep the wings uptight, and to separate the

head and ground ropes. The whole affair is attached by bridles

to the axletree of a small one-horse trolley driven by the fisher-

man.

The net is worked over the same ground as the shove-net, and

only differs from the latter in its greater catching power and de-

structiveness to small fish. " Jehu " has to attend to his horse, and
can spare no attention for sorting purposes. Consequently, when
the net is cleared, the whole contents are shot into a fish-box and

there remain until the fishing is over. It need hardly be said that

capture in this case means destruction.

"Flat-fishnets."—A ''flat-fish net ^' is a piece of net, of a mesh
about equal to that used for herrings, twenty yards long by a yard

wide, corked at the top, and leaded at the bottom. The ends are

kept upright by short beams, and the whole is dragged along the

margin by a couple of men, keeping at a regular distance apart from

each other. Such a net is occasionally used at Cleethorpes. It is

designed for the capture of plaice, flounders, and any soles that

may be near the margin, and is hauled by the men walking ashore.

As it is preferably used on a rising tide, only the marketable

flat-fish are destroyed, as any smaller ones are left to squatter down
into the wet sand, and are soon covered by the tide. Of course

all the plaice taken, and most of the soles, are immature.

Seining.—Seining is practised in the Humber for smelts and eels,

but a good many flat-fish are of course caught, and those above

about 6 inches are taken. As in the case of the last net mentioned,

the smaller ones suffer no injury, the tide soon coming to their

relief. The mesh is smaller than that of the " flat-fish net," being

about \ inch between each knot.

Stake-nets, of the same mesh as the seines, are erected at Clee-

thorpes and Humberstone in the winter for the capture of sprats.

The fishery is a very uncertain one, so that the length of time the

nets remain up is variable. It appears to be found most convenient

to empty the whole catch into baskets or barrels, and cart them
home before sorting. In this way a few small flat-fish and a great

number of small whiting- and cod are destroyed, as well as, in the

early part of the season at least, a quantity of unsaleable sprats and
young herring, locally termed " scad.'^ The owner of the nets
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being to some small extent interested in agricultural pursuits, tlie

refuse fish is found useful for manure.

Note added in the iiress.—In comparing my statistics witli those

furnished by the Board of Trade a considerable discrepancy is

found to exist. The official total (of plaice) for the year ending

March 31st, 1894, is 168,000 cwt., i.e. 11,837 cwt. less than the

amount indicated by my inquiries. Seeing that the latter purport

to deal only with plaice landed by deep-sea fishing vessels, and

exclude even occasional contributions from a fleet which ordinarily

lands at Billingsgate, while the official figures presumably embrace

all fish from whatsoever source derived, it is somewhat remarkable

that my returns should give the larger total.

I acknowledge the objection that my return is completed by the

deduction of averages for a certain number of days on which no

actual observations were made, but when we come to compare

separate months, in which no such source of possible error exists,

we do not arrive any nearer to an agreement, or even to a consist-

ency of disagreement. Thus in April, June, October, 1893, and

June, 1894, my figures are 2256, 3792, 214, and 2274 cwt. in

excess of those given by the Board of Trade for the same months ;

whereas in January and February, 1894, the official figures exceed

my own by 1980 and 2868 cwt. I will content myself with the

incontrovertible statement that both series of statistics cannot be

accurate.

Chap. V.

—

Pkoposed Remedial Measures.

Having admitted a grave deterioration in the returns of the

North Sea trawling industry, I think the contents of the last chapter

furnish us with quite sufiicient evidence to allocate the causes in so

far as Grimsby vessels and the general fishery of the district are

concerned.

To my mind they fall under two distinct headings :

(i) An immense destruction by deep-sea trawling of immature plaice

and turbot on shallow grounds on the Continental coast, frequented only

by immature members of the first species, and chiefly by immature mem-
bers of the last ; visited also by spawning soles, turbot, and brill.

(ii) A serious destruction on our own coast by various methods of long-

shore shrimping of immature plaice, and of immature soles, turbot, and

brill, in proportion to the abundance of these species. A serious destruc-

tion (but not necessarily involving destruction of the very young stages)

of immature members of these species, especially of soles and plaice, by

shrimp- trawling and inshore fish-trawling on our own coast.
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Though I can produce no information on the subject, it is reason-

able to suppose that the large shrimping industry in the inshore

waters of the Dutch, German, and Danish coasts is not unattended

by a destruction of immature flat-fish corresponding to that which

I have shown to take place on our own coast.

Whatever other factors may have been at work in the admitted

deterioration, there can be no doubt that the above furnish ample

cause for at least a great part of the decrease, and if any method

can be devised to check these evils alone, we shall be in a fair way
to a revival of the supply. It behoves us therefore to consider, as

carefully as a limited space will permit, whatever propositions have

been brought forward with this view.

These fall chiefly under the following headings :

(i) Prohibition of sale of fish under certain sizes,

(ii) Extension of the territorial limits.

(iii) Close seasons.

(iv) Restrictions of mesh,

(v) Artificial propagation.

Other suggestions have been put forward, and will be discussed

in turn, but hardly merit separate enumeration.

(i) Prohibition of sale offish under certain sizes.

A brilliant suggestion that the capture of undersized fish should

be prohibited need not detain us long, since it is obviously

impossible to avoid catching some undersized iish if one fishes at all,

and what benefit could be expected from a legal prohibition of this

sort I am at a loss to conjecture, since the law could not possibly

be enforced as long as a fisherman was allowed to go to sea. There

are, of course, methods by which the capture of a very large pro-

portion of undersized fish can be prevented, but prohibition of

capture, per se, is not one of these.

We may pass, therefore, to the question of prohibiting the sale,

accompanied or not, as the case may be, by similar restriction as to

landing.

This is the remedial measure which has found by far the greatest

number of advocates, but there has been a very considerable difi'er-

ence in the sizes advocated. It may seem at first sight that this is

of comparatively little importance, so long as the principle of pro-

hibition of sale is agreed to, but in reality the principle involved

depends entirely upon the size to which the prohibition refers.

We have seen, in Chapter I, that the standard of size may be

arrived at by two entirely different methods, according to whether

it is sought to discriminate (a) between sexually mature fish and
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those which are too small to reproduce their species ; or (6) merely

between marketable and unmarketable fish. Of course the former

standard is considerably the higher in all flat-fish of any considerable

value (excepting the lemon-sole in the North Sea), while both

standards are subject to variation according to locality.

Of late years I do not know that the enforcement of the bio-

logical limit has been much insisted on, except in cases where it

chances to fit in with what may be called the economical oppor-

tunities of the situation. Its advocates content themselves rather

with the pious opinion that it is desirable that fish should have a

chance of reproducing their species at least once before they are

destroyed. Moreover, at least one authority of the highest

standing, Dr. C. G. J. Petersen, holds that the deterioration of the

fishing is, in the case of plaice, certainly not owing to a want of

spawn, since, with regard to young plaice, he finds " that it is hard

to imagine tliei'e could be any more individuals than there are.'^"^

Petersen's remarks refer here to the Cattegat, and do not profess to

say whether the young fish are actually as numerous now as in

former years. He simply suggests that there are enough to furnish

a remunerative fishery if they were not destroyed at too small a

size. On the North Sea grounds our fishermen are emphatic in

their statements that even the small fish are much less numerous

than they used to be, and I do not think there is any reason to

donbt their accuracy in this particular. If it is so, although the

fry may be numerous enough to supply the existing fishery when

grown up, there must still be an insufficiency of spawn, since I

take it that the ideal condition would be that the grounds should

hold the greatest possible head of fish which they can maintain.

The fishery is growing, and presumably will grow, and the problem

which we have to face is not only to try and provide for immediate

wants, but in so far as lies in our power to maintain the grounds at

the greatest possible degree of productiveness.

The objection to the biological limit is, of course, that by cutting

off a large supply of marketable but immature fish, it bears hardly

both on the producer and the consumer, and especially the latter
;

while there is no apparent way in which it can be enforced

with absolute certainty of benefit to the supply. In this connection

it will be remembered that we have seen that the conditions of

deep-sea trawling are not favourable to the return of undersized

fish in a healthy condition, and therefore if, as we know to be the

case, mature and immature fish are caught together on certain

grounds, the latter have but little chance of surviving the process.

What we have to strive for is a method which shall combine the

* On the Decrease of our Flat-fish Fisheries, Rep. Danish Biol. Stat., 1894, p. 62.
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maximum preservation to the species with the minimum hardship to

the producer and consumer. Some hardships there must be, at

least of a temporary nature, for if the matter could be arranged

without inconveniencing anyone, it would naturally arrange itself

without legislative assistance.

Turning to the size limits recommended by the trade, we find

that such are designed, not to admit of the propagation of the fish

before it comes to market, but to prevent, in so far as may be

possible, its destruction before it has attained the size at which it has

a considerable commercial value. The limits recommended by the

representatives of Grimsby and Hull were originally such as to

exclude rather a large proportion of fish (excepting turbot and

brill) which were actually saleable, even if not commanding much
of a price. The same limits, as we have seen, did not commend
themselves to our South Coast fishermen, and, with view to present-

ing an unanimous appeal to the legislature, the matter was

compromised by the adoption of the limits approved by the Con-

ference of 1892 (see p. 381). It cannot, however, be said that the

whole trade expressed itself in favour of the enforcement of these

limits, or, indeed, in favour of any legislation based on the adoption

of a size limit. Lowestoft, in fact, in the mouth of the witness

chosen to represent the smack-owning interest of that important

trawling centre, objected strongly to any limit at all ; but as

the objection was based on an assertion that unmarketable fish

were not taken by Lowestoft trawlers, it is hard to see how the

prohibition of the sale of such unmarketable fish could injuriously

affect the trade. We are entitled, I think, to say that as far as this

port is concerned, the statements put forward as evidence are in

themselves enough to dispose of the objections to a size limit ; but

we must note that the Lowestoft standard of discrimination between

large and small fish (plaice) appears to be about 8 inches, instead

of the somewhat higher figure advocated by Grimsby and Hull.

It was only to be expected that the longshore fishermen should

object to a size limit, since the only fish within their reach, with the

exception of an occasional sole, fall for the most part far short of any

standard advocated. Personally I am inclined to consider that the

interests of the longshore fishermen are, in this matter, not entitled

to any consideration. In so far as the shrimpers are concerned, the

most injury that could befall them by the imposition of a size limit

would be the elimination from their saleable catch of a certain number
of small flat-fishes, chiefly plaice. Flounders and dabs, and a few
marketable soles, would remain saleable, as before. As for inshore

fish-trawling, flat-fish netting, and the like, it cannot be denied that

these pursuits, having for their object the capture of immature fish
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only, are entirely contrary to the public interest, whether of the

consumer or of the trawl-fishery as a whole, and if the enforcement

of a standard of size should have the effect of suppressing these

methods of fi.shing, the public would gain thereby considerably.

We may now consider the probable effect of the various standards

of size placed before the Parliamentary Committee, other than those

based on the consideration of sexual maturity. The Conference of

1892 dealt with five species, and proposed, as we have seen, the

following sizes :

Turbot
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when once the small fish have been caught on these grounds, there

is very little likelihood of any of them surviving, if returned to the

sea. Consequently, if after eliminating all fish which are of less

than 10 inches, there remain enough to be a source of profit to the

fisherman, the only effect of prohibiting the sale of the smaller ones

would be to ensure the fouling of the grounds with their carcases,

and to cause a great waste of food with no corresponding benefit.

The ordinary catch of a boat working the Eastern grounds

consists of a large number, it may be several hundred, of boxes of

plaice from 15 down to 8 or even 6 inches ; a lot of turbot, nearly

all immature ; and a number of brill, mostly mature, but still of no

great size. If the right grounds have been worked, there may be

from half a box to about two boxes of soles. On certain of the

grounds the soles are the avowed object of the fishery, but now-

a-days they are not nearly plentiful enough to pay the expenses of

the voyage, much less to secure a profit. It is the small plaice

which pay the expenses, and if we could stop the sale of these we
might assure ourselves that no one would go near the grounds ; but

if we only stop the sale of those of less than 10 inches, we shall

leave a quantity quite sufficient to pay the expenses ; thus, though

the profits of the voyage may be a little less, the fishery will

go on as before, and the same quantity of small plaice, turbot,

brill, and soles will be destroyed as before, though the consumer
will get fewer of them. Where does the advantage come in ?

If, on the other hand, we raised the limit for plaice to 13 inches,

as I have proposed to do, we shall cut off so large a proportion of

the catch that it will not be worth while for boats to go to the

Eastern grounds. At the same time we shall ensure that the small

plaice which annually migrate from these grounds to the Dogger
shall not be intercepted on the way, since there are not enough fish

of other sorts on the migration track to attract vessels thither if the

small plaice were unsaleable. I have shown that the proportion of

plaice under 13 inches on the off-shore grounds of the North Sea is

inconsiderable, at any rate in the summer, and consequently what-

ever waste might be caused by the size limit would be of little

account. The limit need only be enforced during the spring and

summer, say from March l4th to September 30th, as for the

remainder of the year the small fish are not to be found on the

Eastern grounds, while those which have migrated in the autumn

are mixed up on offshore grounds with larger fish, and could only

be sorted with difficulty.

I contend, and I do not see how it can be denied, that by the

mere imposition of a size limit of 13 inches on plaice alone from March

14th to September 30th we should leave the Eastern grounds entirely
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untouched, to serve as a nursery for the whole North Sea for plaice,

turbot, and to a less extent of brill and soles, and as a spawning haven for

soles, brill and turbot.

There are certain objections to the plan, to which we must return

later, turning our attention for the present to the recommendations

of the Parliamentary Committee.

The Committee found themselves unable to recommend either the

biological limits (though I am not aware that these limits Avere re-

commended for legislative purposes) or those of the Conference of

1892. They considered that " while it might be desirable to

forbid the sale of small flat-fish, the adoption of the sizes suggested

would involve great hardship to many of the poorer fishermen who

fish near the shore in the smaller class of boats. '^ The Committee

seems to have been further dominated with a fear of originality,

and considered that the size limit adopted should approximate to

that already adopted by foi'eign countries.

Such limits are as follows :

Belgium—
Plaice . . . 7*2 inches total length.

Soles . . .
7'2 „ „

Turbot ... 10 „

Brill ... 10 „

Denmarlc—
Plaice . . .8 inches from nose to root of tail.

Turbot . . . 8 ,, ,. „

France—
Plaice . . .54 inches from eye to root of tail.

Sole . . . 5^ „ „ „

The limits recommended for the United Kingdom are :

Plaice . . .8 inches total length.

Sole . . . 8 „ „
Turbot . . - 10 „

Brill . . . 10 „

So far as the North Sea is concerned, this brilliant proposition

cannot be said to make any important difference in the existing con-

dition of the fishery. As a matter of fact the only fishermen whom it

will in any way affect are the longshore men, whose interests the

Committee were so anxious to safeguard. Inshore fish-trawlers and

shrimpers will be deprived of a certain number of marketable plaice

and soles ; the deep-sea men will be deprived of nothing :—they

catch no soles under 8 inches, and few, if any, which are as small.
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on the Eastern grounds, wtiile if they have to shovel over a few

more plaice than they do at present, the difference will do them no

harm,—and the fishery no good. Before one can sell a fish, it is

necessary to catch it, and as our deep-sea boats do not catch turbot

and brill of less than 10 inches, such part of the recommendation

as refers to these species might as well have been omitted.

In fact the Committee's recommendations leave the deep-sea trawl-

fishery of the North Sea, the deterioration of which was the primary cause

of the inquiry, absolutely untouched ; they cut off some little from the

catches of inshore fishermen—enough to annoy them, but not enough

to do any material good to the supply of the species concerned.

In face of the evidence offered, it is rather difficult to understand

by what mental process the above result was arrived at, until we

take into consideration the conflicting interests of different parts of

the coast. It is quite evident, from the experience of my colleague

Mr. Cunningham, that there is very little destruction of immature

flatfish by the deep-sea trawl-fishery of the south-west coast, and

consequently no need of legislation by size limit as far as that

industry is concerned. It appears, however, that such legislation

would have a beneficial action on certain inshore fisheries of that

disti'ict, but we are met by the fact that the plaice of the south-

west coast are altogether smaller than those of the North Sea, It

follows, therefore, that any limit of size, high enough to be beneficial

in the North Sea, would be too high for the south-west coast, since

it would render unsaleable a large number of actually mature fish,

and seriously aiid unduly interfere with the operations of offshore

trawlers. This, I think, is a sufficient argument against the

universal imposition of a high limit of size, the more so as I can

see no reason why the limit should be universal.

The practical application of different size limits to different

districts has been held to be extremely difficult, but the difficulty has

certainly been overrated. Fish must be landed somewhere, and

from my own experience of the Grimsby market, I am convinced

that a fishery officer could without difficulty exercise a sufficient

control over the size of fish landed. The Parliamentary Committee,

though they mention that the prohibition of landiiuj as well as of

sale was suggested to them, do not make any recommendation on

this head ; but to most people it will appear to be only a matter of

common sense that, if sale is prohibited, it should be made equally

unlawful to land the undersized fish. It has been suggested that

if we prohibit the sale of fish under a certain size in one district,

and permit it in another, fishermen will evade the law by running

their catches to some port where the smaller size limit is in opera-

tion. Doubtless this might be the case if we were dealing with fish
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of great value. If, for instance, there were a different size limit

for soles in different districts, and large quantities of small ones

could be caught, it might pay to run them to the district where the

size limit was the smallest. But we are dealing with plaice, and

plaice of less than 13 inches do not command much of a price any-

where, while the best markets are on the east coast and at London.

On this account North Sea boats, by running to ports on the south

coast to sell their fish, would lose more in time and expenses than

they gained by being able to sell the very small plaice. I should

think that the southern shore of the mouth of the Thames would

make a practical boundary as between the North Sea on the one

hand, and the southern and south-western coasts on the other.

Moreover, the prohibition of sale or landing with regard to districts

would natui-ally be accompanied by enactment making it unlawful to

evade the operation of the measure in the manner suggested, and no

fishery officer worth his salt would find any difficulty in detecting

an attempt to land fish from the Eastern grounds of the North Sea

on the south coast, in the very improbable event of such an opera-

tion being attempted. It is perhaps not too well understood by the

general public, as well as by others who have less excuse for their

ignorance, that there are certain local characters in flat-fishes which

are perfectly well known to every one who has much experience of

fish and fisheries ; and we may at least credit those in authority

with sufficient sense to choose their fishery officers only from

amongst those who are qualified for the task.

(ii) Extension of territorial limits.

Next to the imposition of size limits, the scheme for restoring the

fish supply which finds the greatest number of advocates is the

closure of certain areas to trawling. In virtue of international law

the boats of one nation are already excluded from the territorial

waters of any other ; in our own country, the District Committees

in England, the Fishery Board in Scotland, and the Fishery Office

in Ireland, have power to prohibit trawling in their respective spheres

of influence. Of these powers the authorities in question have

already very largely availed themselves ; whether they have done so

with a view to the protection of immature fish, or to keeping Her
Majesty's peace as between trawlers and drift-net or line fishermen,

does not greatly signify, though one may be permitted to express

an abstract regret that the powers of a fishery authority should

occasionally be degraded to the level of parochial politics. It is

admitted that, in so far as concerns the North Sea trawling industry,

the remedy is beyond the utmost territorial jurisdiction of our own
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country, since the injury complained of takes place on the Con-

tinental coast rather than on our own.

The proposal is that a large part of the ground frequented by
small fish should be closed to trawling b}^ international agreement,

since the grounds extend far beyond the jui'isdiction of any one

power. We have already seen that the whole coast from the Horn
Reef in Denmark to Terschelling Island in Holland is practically one

vast nursery of small plaice, and it is proposed along this area, or

part of it, to extend the territorial limit by internatioual agreement

to ten or twelve miles, and to prohibit trawling within this limit to

the vessels of all nations.

The plan is absolutely the most perfect which could be devised,

if only it could be regarded as in any way practicable ; but this,

unfortunately, is not the case. It is, perhaps, within the bounds of

possibility that the nations owning the stretch of coast in question

might unite with Great Britain in closing this area, but it would
then be closed only to British, Danish, German, and Dutch vessels,

and as long as the actual three mile limit were respected, there

would be a direct incitement to the enterprise of some other nation.

France, I believe, has always expressed herself unconvinced as to

the necessity of international action in fishery matters, and it may
be imagined that the result of abstention by the other nations would
be the establishment of a French trawling industry, fishing along

the Continental coast, and selling the small fish, which we wish to

protect, in our own markets.

But this contingency is remote, since there is not the slightest

reason to suppose that the other Continental powers would consent

to the scheme. Their interest in the deep-sea trawl fishery is but

small ; and, on the other hand, a very large fishing population is

engaged in trawling operations in small boats along the coast.

Moreover, as they are perfectly entitled to urge, these small boats

are destructive only to marketable fish. The inshore plaice fishery,

on the Danish and German coasts at any rate, is, as I have pointed
out before, and as has been recently confirmed by Dr. Petersen,

essentially a '' live-fish " trade. The marketable fish are picked
out of the net before the latter comes on board, and the smaller fish

turned loose without ever coming on board at all, and it is very
rarely that any are injured by their temporary sojourn in the net.

It is not to be expected that because our large trawls destroy a large

quantity of undersized fish, foreign nations will sacrifice their own
interests for our benefit; for we, as having the deep-sea trade

practically in our own hands, should undoubtedly reap by far the

greatest share of the benefits which might accrue from closing these

areas. The Continental fishermen would be debarred from working
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the only grounds they can reach, for the recuperation of grounds

whither their small boats dare never venture.

On this account I think we may be perfectly certain that the

international closure scheme is purely visionary. It has the further

disadvantage of being impossible to enforce. The stretch of ground

is so enormous, and extends so far from the coast, that it would

pretty well take the entire navy of Europe to look after it, while

the necessarily heterogeneous nature of the police force would not

tend, as I imagine, to international amenities.

Leaving international action out of the question, we have still the

power of preventing our own boats from fishing these grounds, or

rather, of prohibiting their doing so ; and as the bulk of the injury

is inflicted by our own fishermen, it may be held that, by putting a

stop to their operations, we should close the grounds sufficiently to

allow of the recuperation of tlie supply. This is true enough, but

if we abstained, assuredly other nations would step in, since our

markets, in the absence of a size limit, would still be open to small

plaice ; and in the end, I suppose, the result would be to place our

fishing fleet under a foreign flag, just as the unappreciated atten-

tions of the Board of Trade are said to be alienating our Mercantile

Marine at the present day.

(iii) Glose seasons.

The institution of close seasons for some of the more valuable

trawl-fishes has occasionally been suggested, but it needs very

little reflection to see that it is in no way practicable, except,

possibly, in connection with certain defined areas.

From m}" remarks in a previous chapter it will have been seen

that the spawning of different kinds of fish is by no means

simultaneous, but that for at least nine months of the year there

are one or more valuable species spawning. To establish a close

season for one or more kinds, while permitting the rest to be sold,

would be folly of the most inconceivable kind, since we know that,

once the fish is caught in the deep-sea trawl, it matters little

whether it is thrown back or brought ashore. It is killed in

either case—in nine cases out of ten. Therefore, if we wish to

establish a close season for any one trawl-fish, without regard to

area, we must establish a close season for all trawl-fish at the same

time, and thus stop trawling altogether. This, I imagine, is

altogether out of the question, as it would ruin the trade.

Even with regard to defined areas there are great difficulties in

the way of a close season, but it might be possible to close a piece

of ground for a certain time with a view to the protection of one

species. I'he sole seems to otter the best opportunity, while it is
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also the species which is perhaps most in need of this form of

protection. It would be possible, perhaps, to obtain an inter-

national consent to the closure of the Terschelling sole ground for

a month during the spawning period, and such a limited area could

be watched without gi-eat difficulty. The landing and sale of soles

might be prohibited at North Sea ports and at the London markets

during the same period, since I do not know that soles are to be

got anywhere else in the North Sea at that time of the year.

This would probably" have the effect of checking the Dutch sole

fishery, as the market for its products is to a great extent in

England, and thus the species would benefit on other grounds

besides that specially intended.

I am not prepared to speak very strongly in favour of this

proposition, and merely put it forward as tiie only forui of close

season which seems in any way practicable in the North Sea.

(iv) Restriction of unesh.

Legislation based on the size or pattern of mesh or on the

nature of the fishing engine to be employed commends itself,

perhaps, rather to the amateur than to any one who has had much
experience of fishing operations.

The great difficulty with regard to the mesh is found in the fact

that Hsh of different kinds exhibit widely different characters of

conformation as well as of size, so that it is actually impossible to

devise a size or pattern of mesh which shall be equally suitable to

all sizes and patterns of fish. Moreover, apart from their differ-

ence in conformation, some kinds of fish are very much more agile

than others, and the comparative agility of the different component

items of the catch has to be taken into consideration no less than

their proportions.

Without wearying the reader with details of breadth in propor-

tion to length, &c., the applicability of the above remarks may be

sufficiently illustrated by a comparison of two such well-known

forms as the sole and the plaice. Every one interested in such

questions should know that a sole reaches maturity at a width

which, in the plaice, is associated, not only with complete imma-
turity, but with a market value so low as to be hardly estimable.

Further, any one who has had any experience of trawling, or has

even had the opportunity of examining a sole in the living con-

dition, is well aware that this fish is infinitely more active and

sinuous than the plaice, and can, and will, escape from the net if

there is any possible means of doing so. A plaice, on the other

hand, may be caught in a net, the meshes of which, to the

uninitiated observer^ seem to offer evei'y facility for its escape.



438 EXAMINATION OF THE PRESENT STATE

Now^ amoug- flat-fishes it is the plaice which (as constituting,

with the haddock, the trawler's " stafl: of life'') stands in the

greatest need of protection, yet it will be conceded that we should

not be justified in so enlarging the mesh, for the benefit of young
plaice, as to deprive the fisherman of actually mature soles.

Besides this, no mere enlargement of mesh, associated with the

apparent opportunity of escape for the species to be protected,

would serve the purpose. A net ashore, dry, and with no strain on

its meshes, is a very different affair from the same net in actual

use, towed along at the rate of two or three miles an hour, with a

hundredweight or so of fish and assorted rubbish in the cod end.

It may seem to be the easiest thing m the world to protect a plaice

of, say 4 inches in breadth, i. e. about 9 inches in circumference,

by making the meshes of the cod end of the same circumference.

Judging from the appearance of the dry net, the fish should have no

difficulty in pushing its way out ; but, as a matter of fact, when
the strain is on, the sides of the meshes are practically closed.

It has been contended that, as the vessel rises and falls on the

swell, there is an alternate strain and relaxation on the mesh
;
pro-

bably this is to some extent true, but to a very small extent only,

as, when we take into consideration the length and weight of

warp out, it seems reasonable to suppose that by the time the

motive power is communicated to the net it is to all intents and

purposes continuous. However this may be, the fact remains that

though the sole (which never ceases to hunt for a loophole of escape

until it either finds one or jams itself inextricably in the '' pockets "),

may escape, a plaice of the same actual circumference does not. It

is certainly true that with every enlargement of the mesh a larger

proportion of small flat-fish escape ; but it is equally true that, to

ensure the escape of any significant number, the enlargement has

to be carried to such an extent, that the net becomes absolutely

useless for the capture of the narrower and more active species.

In fact, the relation of size of mesh to size of fish caught, seems to

be nearer, in the case of plaice and dabs, to the greatest possible

circumference {i. e. as measured lengthways) than to the least

circumference of the fish ; and we may safely say that a net

successfully devised for the escape of undersized plaice would

catch no soles at all. Much less, therefore, is it practicable to pro-

tect young turbot and brill by this method.

There is, however, no doubt that an increase in the size of the

mesh is beneficial to small round fish, though even in this case I

do not think it is practicable to carry it to such an extent as to pro-

tect, even partially, all immature members of any valuable species

except the whiting. Of course, the ingenuity of man in this respect
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is always subject to utter frustration by the capture of a quantity of

weed, mud, or rubbish of any sort, but that appreciable results may
be accomplished by mere regulation of size of mesh has been suffi-

ciently demonstrated by the experiments of Mr. Dawson on behalf

of the Lancashire Sea Fisheries Committee, to whose observations

I would refer readers for particulars.

So far my remarks must be interpreted as applying only to mesh
of the ordinary pattern, viz. braided diamond-wise, so that the knots

oifer the least possible resistance to the longitudinal closure of the

meshes. My own experiments, carried on as opportunities have
from time to time permitted, have rather led me to the conclusion

that, for purposes of deep-sea trawling, it is impracticable to

seriously affect the situation by any mere enlargement which the

requirements of the case permit. The mesh in the cod-end of

Grimsby trawls varies from 1^ to 3 inches '^ knot to knot,'^ i. e. | to

1^ inches " square,'^ or 3 to 6 inches in circumference. I do not

think substantial hardship would ensue from the prohibition of a

mesh of less than 8 inches in circumference in the cod end, but

at the same time, I am far from sure that the benefit ensuing there-

from would be altogether in proportion to the disturbance of the

industry. The 6-inch mesh is, I think, the more popular with the

fishermen, and I have heard complaints that the owners gave them
needless trouble by supplying a mesh which augmented their catch

only by rubbish and mud.
It seemed to me, however, that if little could be done in the way

of a profitable and at the same time practicable enlargement of the

mesh, there was some opportunity of improvement in its pattern.

As we have already seen, the meshes are arranged in such a way
that the twine of the knots offers the least possible resistance to

their closure. It occurred to me that by braiding the meshes for

tlie cod end in the ordinary way, but arranging this part of the net

so that tfie meshes lay at right angles to their ordinary position, the

extra strand of twine would offer some resistance to the closure of

the sides of the mesh. My surmise was sufficiently borne out, as

long as the net was tolerably new, since a cod end arranged in this

way caught considerably less small fish than an ordinary cod end
with mesh of the same size ; but when the net had been thoroughly

stretched the difference became inappreciable. Moreover, the

transversely arranged meshes had the disadvantage of being liable

to be pulled out of shape by the strain, whereas, in a net arranged

in the ordinary way, the greater the strain the tighter the knots are

pulled, and the more firmly the meshes are set in their right

relationships to each other. On the whole, then, the transverse

method of arranging the meshes cannot be recommended.
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Every one is aware that a net with square meshes {i. e. with the

sides of the mesh parallel and transverse to the long axis of the net)

cannot close to nearly the same extent as a net braided in the

ordinary diagonal fashion, and it requires no experiment to show

that such a net will let out more small fish than one of the ordinary

pattern. Consequently one often hears that the difficulty of the

closure of the meshes can easily be adjusted by having the latter

braided square instead of diamond-wise. The advocates of this

plan, however, have overlooked one fact of the most vital im-

portance. In the diamond-shaped mesh every strand bears an equal

share of the strain, whereas in a square mesh the strain is borne

only by the two strands which are parallel to the long axis of the

trawl, the transverse strands contributing in no way to the strength

of the whole engine. Hence it follows that to bear an equal strain,

a square mesh must be braided of twine which is double the

thickness of that required for an ordinary diagonal mesh. The net

therefore requires to be twice as heavy. The square mesh would,

of course, be confined to the cod end of the trawl, and in the case

of a steam trawler I do not know that the extra weight would

be of very great moment. To a sailing trawler any access of weight

would be an intolerable infliction, as in a light wind the trawl is

only too liable to ''sand," as it is. Hence, as far as smacks are

concerned, this method of dealing with the matter does not come

within the range of practical politics.

It will be easily understood that the way in which the cod end is

closed, must have an important bearing on the closure or non-

closure of the meshes. The cod end is, as everyone should know,

composed of two oblong pieces of net joined to each other along the

sides. The fore-end of the resulting tube is laced on to the fore

part of the net, while the after end is left open like the mouth of a

sack. By Grimsby trawlers it is invariably closed before the net

is shot, by gatheriiig the meshes together and tieiug a cord round

the bunch of net 'so formed. This method is called '' tieing " the

cod end, and it is obvious that the bunching up of the net affords

opportunity for the lodgmeiit of every sort of rubbish which can

possibly choke the meshes, besides in itself materially decreasing the

possibility of their opening. Of course a cod end so " tied " is not

difficult to untie when the net comes aboard. There is another

method of closing the net known as " marling." Instead of

bunching the mouth together, the ''back" and "belly" thereof

are simply "marled" or laced together.

It seemed probable that a " marled " cod end would let out more

small fish and more rubbish than one which was tied, and some

experiments which I made, though I could not carry them far
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enougli to speak with absolute certainty, tended to the confirmation

of this view. With a view to still further preventing the closure

of the meshes I tried the expedient of lacing the back and belly

of the opening to a pole, so as to stretch the meshes to their utmost

transverse extent, but a casual encounter with an anchor brought

this experiment to an abrupt conclusion, and I have never had an

opportunity of renewing it.

I have been able, however, to make trial of another device,

which seems likely to yield much better results than any other. In

place of tieing the opening of the cod end in any way I procured

an oblong wooden frame, across which were stretched square

meshes of stout twine. The opening of the cod end was laced to

this frame, so that the latter formed, as it were, the terminal wall

of the whole net. Tested against cod ends of the same mesh,

either marled or tied, this last method gave, as far as my experi-

ments went, most satisfactory results, and everything that could

pass through the meshes found its way into a large bag of shrimp

mesh, which was fastened outside the lower end of the trawl proper.

An objection urged against this arrangement was that the meshes
of the frame, being stretched quite taut, would be apt to be broken

by a stone or a heavy piece of wi-eckage, and thus the whole catch

would escape. I have, however, safely boarded a stove chimney,

an iron bucket, a pit prop, and similar things in the Humber without

damaging the net, and there is no reason that the meshes of the frame

should not be made of wire hawser, or even cast iron, if necessary.

Of course a frame of this kind is rather a nuisance to unfasten, but

the devising of a rapid method of opening it should not be difficult

to any one with greater inventive ingenuity than I can la}' claim to.

To my mind the only serious drawback to the affair is that a

wooden frame would soon get waterlogged and vei'y heavy in deep

sea work. Probably this could be remedied by having a frame of

metal tubing (preferably aluminium) which would at the same
time have a decidedly beneficial action in lessening the friction of

the cod end against the ground.

At the time my fi-ame was in use I first became acquainted with

a somewhat similar device, in which the extremities of the back and
bell}' of the cod end are separated by the introduction on each side

of a triangular gusset of netting, the base of wliicli is laced on to

a rod of wood. The opening of the net is therefore oblong, and is

closed by an oblong piece of netting corresponding to my frame.

The principle is the same, but 1 think that my own expedient has a

decided advantage in keeping the meshes of the terminal wall abso-

lutely taut and wide open.

We must always return, however, to our original conclusion, that
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whatever scheme of beneficial mesh -restriction can be devised, it

must be for the flat-fishes^ at best only subsidiary to some much
more far-reaching measure for their protection.

(v) Artificial propagation.

This method of restocking the sea may perhaps be said to be one

of which the theoretical advantages are rather over-balanced by the

practical difiiculties. The public are at last awakening to the fact

that the possibility of hatching and rearing a trout in a wash-hand

basin does not imply a similar facility in the case of a sole or

turbot ; but it may be doubted whether even a thousandth part

of the difficulties attending the artificial culture of sea fish is gene-

rally realised.

There is no doubt that the difiiculties are by no means insuperable,

given the necessary means, but it is, I imagine, entirely impossible

to 7'ear sea fish without a considerable initial expense in the way of

rearing ponds. To merely hatch the eggs presents no particular

difficulties, and involves only an expense which, compared with

the outlay which would be necessary for rearing operations, is com-

paratively trifling. But the question arises—What is the good of

merely hatching the egg and turning the larva adrift to fend for

itself at its most helpless stage when exposed to countless enemies ?

If that is all our artificial propagation aims at accomplishing,

I, for my own part, think we might as well leave the matter to the

fish themselves, who may be supposed to understand it much better

than we do.

There is no doubt whatever in my mind that if we are to accom-

plish any useful results, we must aim at rearing* the young fish

until it is reasonably well able to take care of itself. In the case

of flat-fish the fry should be reared at least right through the

pelagic stages. Granted that the difficulties of our present inex-

perience are successfully overcome, the prosecution of such operations

on a scale sufficient to make nn^^ appreciable difference in the fish-

supply would be very considei'able, though the cost would not exceed

that which the profits of the fish trade might reasonably be called

upon to contribute.

But there is a further question of the utmost importance.

Having reared the fry to the required stage, we should naturally

* Personally I have not studied the possibility of lessening the capture of small flat-

fish in shrimp trawls by some alteration in the pattern of the net, but I believe that the

officials of the Lancashire Sea Fisheries Committee have been experimenting on this

question with some prospect of success. Their operations are based, as I understand, on

the fact that a shrimp leaps higher than a flat-fish when the net approaches, and so a

ground rope which will catch the former will pass over the latter.
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enlarge it on grounds suitable to its habits at that period of exist-

ence. In the case of flat-fish such ground would only be found on

the sandy margins ; and are we to go to all this expense and trouble

merely for the pleasure of seeing our precious nurselings scooped

up and carted away by the first shore shrimper who passed that way ?

I imagine the answer will be universally in the negative, and that

it will be conceded that, before embarking on the culture of sea

fish, we must take such measures as will materially lessen the pro-

bability of the money thus expended being altogether wasted.

My remarks have by no means included all the remedial proposi-

tions which have been put forward, but I think we have noticed all

which deserve serious attention, and perhaps some which do not.

With the minor suggestions we cannot here concern ourselves at any

great length, but may notice a scheme put forward by Mr. Douglas,

of Grimsby.

Mr. Douglas proposes to capture small plaice on the Eastern side,

and transport them in well-vessels to the Dogger and to grounds

on our own coast, and estimates that the cost of these operations

would be amply covered by the increased catches of our trawlers.

It is not at first sight apparent why the mere transference of fish

from one part of the North Sea to another should increase the

general supply. Putting this aside, and granting that the trans-

ference can be successfully accomplished, it is not easy to see how
the small fish will benefit. No doubt there are some grounds on

our own coasts, which are capable of maintaining a much greater

head of fish than they hold at present, and which are practically

deserted by our trawlers. But, if we dump down an immense

quantity of small fish there, what is to prevent boats coming there

at once and catching them if there is no hindrance to their sale ?

As for the proposal of putting young fish on the Dogger, they are

probably better off where they are in the summer (the only time at

which they could be caught in anything like the numbers antici-

pated by Mr. Douglas), and in the autumn they do migrate to the

Dogger, as we have seen, of their own accord. The plan of

allowing them to do so in peace, by means of a suitable size limit,

seems at once simpler and more efiicacious than Mr. Douglas's

scheme of State-aided emigration. The most that can be said for

the scheme is, that if the fish were protected by a size limit and by

the closure to trawling of such of our inshore grounds as are plaice

nurseries, the large plaice grounds lying in the neighbourhood of

our own coast might probably be recuperated rather more quickly

than by the protection alone. Without the protection the whole

affair would simply be a waste of money.
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Co}i elusions.

A very few words will suflSce to summarise the conclusions to

which my pi-evious remarks will have pointed. They are to the

effect that the only practicable method of checking the depletion of

the North Sea grounds and of enabling the fish supply to re-

cover is by legislation based on the principle of the size limit.

Further, that the size limits proposed by the Parliamentary

Committee are absolutely useless, and indeed ridiculous. No series

of limits can be of appreciable use unless that assigned to the plaice

is at least 13 inches. No lower limit will suffice to keep the

trawlers off the Eastern grounds, where they will continue to

destroy as mnch as ever, even if, in virtue of some smaller size

limit, they land and sell less than at present. I would repeat that

these grounds can he absolutely closed to our trawlers, and to all

trawlers whose catches are ultimately sold in this country, by a size

limit of 13 inches for plaice, even if only enforced during the Spring

and Summer. It is not absolutely necessary to apply a size limit

to any other species, though a size limit of 12 inches (or even 10

inches) could not fail to be beneficial to the sole, as tending to

bring about the return to the sea of many small specimens which

are caught in shrimp trawls and by inshore fish trawlers. The size

limit of 8 inches for soles is altogether contemptible. It does not

materially alter the present North Sea market customs in regard to

the sale of this fish, and it has been aptly said of an eight-inch

sole that, when you have taken off two inches for the head, and two

inches for the tail, you are left with four inches of skin and bone in

the middle !

It has been said that any legislation having for its effect the

closure of the Eastern grounds would deprive our fishermen of their

only chance of catching soles in the summer. Even if this were

true, the sole is of such little real importance in comparison with

the plaice, that I do not think the matter would be of much moment

;

but, in any case, it may be supposed that the relief of this spawning

ground frooi our large fleet of trawlers would probably result in the

reappearance of the species on other grounds which it has now
practically deserted ; and any increase in the species, even if con-

fined in the summer to the Eastern side, could not fail to make itself

felt in the winter in the Silver Pits.

Returning to the plaice question, it is urged that the foreign

vessels would continue to catch them as before; but this is not the

case, as the chief market for these fish is in our own country, and

therefore our restrictions of sale would react on foreign vessels as
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much as on our own. There is no foreign market which would

tempt our boats to take cargoes of small plaice thither, and if such

should be created in the future, I believe the beauties of free trade

are not so thoroughly appreciated on the Continent as to allow of the

long duration of a trade of this sort. The drawbacks entailed by
the elimination from our markets of the large quantity of small

plaice at present landed there ai-e not of great importance, since I

understand that the small plaice trade is chiefly of a speculative

character, and not much affected by salesmen of repute.

I need hardh^ repeat that whatever penalty may attach to the

sale of undersized fish must attach equally to their landing, and that,

it is essential that different districts should be treated according to

their respective requirements. The remai-ks which are given above

apply to the North Sea ; whether any, and, if so, what size limit is

required in other districts, I do not pretend to determine, since all

the information which I have on the subject is equally available ta

the general public. This much is certain, that the matter cannot

be rationally treated except in relation to the requirements of the

locality, and there is absolutely no valid objection to discrimination as

between one coast and another.

I cannot accept the Committee's argument that the hardship to

inshore fishermen involved by a rational size limit is a valid reason

against the employment of the latter. To me it appears that the

destruction of immature fish stands on much the same footing as the

pollution of rivers and other nuisances formerly associated with

manufacturing enterprise. No doubt the measures taken against

this pollution involved hardships to the manufacture, from the

capitalist down to the factory hand, but the public has none the less

approved them. Personally, if one may be permitted to illustrate

so dry a controversy by a reference to humorous literature, the

relative merits of the inshore and deep-sea fisherman in regard to

the destruction of small fish seem to me to stand on much the same
footing as the Walrus and the Carpenter in " Alice through the

Looking Glass,''—one ate more oysters than the other, but the other

ate as many as he could get ! However, if the assembled wisdom of

Parliament chooses to consider that its business is rather to settle

the squabbles of rival classes of fishermen than to take measures to

increase the fish supply, one can but regret it.

As to the other remedial propositions noticed, I need only repeat

that an extension of the territorial limit, however desirable, is not

practicable. A close season without an absolute cessation of

trawling is useless, restrictions of mesh are only practicable within

limits which would not permit of flat-fish being very materially

benefited, though they are desirable in the interests of young round-
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fisli which cannot be protected by the size-limit method. Artificial

propagation must^ to be really useful, include not only the hatching

of the eggs but the rearing of the fry through the pelagic stages,

and must most certainly be preceded by such measures for the pro-

tection of the young, as would very probably render it entirely un-

necessary to embark on this very costly undertaking.
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Herring, size and maturity, 308
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Hesione ( = Psamathe), breeding, 225

Heteromysis formosa, 221, xx

breeding, 227

Heteronemertini, 22

Hippolyte Cranchii, breeding, 227

Histriobdella Homari, breeding, 225

Holt, E. W. L., see Contents

Homarus vulgaris, breeding, 227

Kormiphora pluviosa, 233

Horse-mackerel, see Caranx trachurus

HubrecMia desiderata, 4

Huuiber, shrimp-trawling in, 90

Hyas coarctatus, breeding, 228

Hybrids between turbot and brill, 292

Hydradinia echinata, breeding, 223

Hydrallmaniafalcata, 178

— — breeding, 224

Hijoiivorus messinensis, 279

Hijporhynchus armatus, 41

— penicillatus, 41

I.

Iceland trawl fishery, 129

Immature fish, definition of, 372, 381

destruction of, 288, 401

in the North Sea, 81, 123,

169

question, Cunningham, 54

Inshore trawling, destruction by, 419

Irene pellucida, 215, 217, 232, 235

— viridula, 215

J.

Jorunna Jolinstoni, 220

Lamcllidoris hilamellata, breeding, 226

— ohlonga, 220

breeding, 226

— perspicua, breeding, 225

— proxima, 220

— pusilla, 220

breeding, 226

Laodice cruciata, 215, 233, 234

Larva3, fish, rearing of, 168

Latrunculus pellucidiis, 166

Lemon dab, size and maturity, 309

Lemon soles (merry soles), 64, 127

destruction of small, 415

life history of, 399

size and maturity, 377, 380

see also Pleuronectes viicroce-

phalus

Lepidopsetta bilineata, 256

Lepidorliombus Boscii, 254

Leptocephalus, various species, 280

— brevirostris , 278

Leptomysis gracilis, 221

— mediterranea, 221, xx

breeding, 227

Leptoplana Droebachensis, 46

— tremellaris, 45

breeding, 224

Life history of the pilchard, 148

Lima Loscovibii, 219

Limanda aspera, 256

— ferruginea, 256

— limanda, 256

Line-fishing, destruction by, 418

Linens bilineatus, 24

— lacteus, 2, 24

— linearis, 6

— longissimus, 23

— obscurus, 23

breeding, 225

Ling, size and maturity, 309

Liopsetta Putnavii, 257

Liparis Montagui, 120

in Humber, 93

Littorina littoralis, breeding, 225

— riidis, breeding, 225

Lizzia octopunctata, 213

Lobster nerve-elements, 208

Loligo Forbesii, breeding, 226

— media, 219

breeding, 226

Lombrici, 284

Lophius piscatorius, 137, 140

Lumpenus lampetrseformis, 120

M.

Macromysis flexiiosa, breeding, 227

— inermis, 221

breeding, 227

— negleda, 221

3'Iacrorhynchus croceus, 41
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Macrorhynchus helgolandicus, 41
— Nacfjelii, 4-1

Macrurus mqualis, 190

Magelona, larva of, 234

Malacohdella, breeding, 5

— grossa, 22

Maldane crista galli, 217

Margelis ijrindins, 214
— ramosa, 214

Margellium octojnmctatum, 214

Marpliysa sanguinca, 218

Mechelia asidcata, 1

Megalops, 233

Megrim, 132

— in North Sea, 400
— see also Arnoglossus mcgastoma

Members, List of Governors, Founders,

and, xxix

Merry sole, mature, 164

see also Pleuronectes iiiicro-

cephalus

Mesh, restriction of, 437

Mesonemertini, 4, 8

Mesostoma neajjolitammi, 41

Metcmemertini, 4, 10

Microstoma groenlandicum, 40

Micriira aurantiaca, 26

— Candida, 26

— fasciolata, 26

— liurpurea, 25

Migration of the anchovy, 300

M'Intosh, Prof., see Contents

Molva abyssorum, 130

from Iceland, 200

— vulgaris, 200

Monoupliorum striatum, 44

Monoporus ruhropunctatus, 39

Monotus alhus, 44

— fuSCUS, 4:4!

— lineatus, 44

Monthly rej^orts of the fishing in the

neighbourhood of Plymouth, 107

Morchelliuni argus, breeding, 229

Morenelle, 284

Motella mustela, 191

in Humber, 93

Muggipsa atlantica, 232, 234

breeding, 224

larva of, 235

Miiller's larva, 234, 235

Miiller's topknot, 248

see also Zeugopterus

Mullet, red : use of barbels, 167

Murex erinaceus, breeding, 225

Myliohatls aquila, 276

Myrianida maculata, 218

— pinnigera, 218

Myriotliela phrygia, breeding, 223

Myrus vulgaris, 283

^Iijsidojysis gibhosa, 221, xx

breediug, 227

N.

Nassa incrassata, breeding, 225

— reticulata, breeding, 225

Nauplii, 231, 233

Nebalia bipes, breeding, 227

Nemertes Candida, 1

— carcinophila, 2

— gracilis, 21

— Neesii, 22

breeding, 225

Nemertines of Plymouth Sound, 1

Nereis fucata, breediug, 225

Nerine, larva of, 234

Nerve-elements of embryonic lobster,

208

Nettastoma melanurum, 279

Nilia edulis, 222

breeding, 227

Noctiluca miliaris, swarm-spores, 223

North Sea, chart of, 446

investigations, Holt, 78, 123, 169,

288

trade, deterioration, 387

trawling grounds, history of, 129

Notes and memoranda, 119, 166, 335

Nymplion gracilis, breeding, 228

O.

Obelia, 232, 234

— geniculata, breeding, 223

— lucifera, 233

Oihopleura, 232, 234

— breeding, 228

Oithona spinifrons, 231

Oligocladus sanginolentus, 47

Ophichthys serpens, 283
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Ophiothrix {?penUq-ihijllum), breeding,

228

Opliryotroclia inierilis, breeding, 225

Orcynus thynnus, 276

Oscanius membranaceus, 211, 219

Ovaries of fisbes, tbe, 154

Oxidation of ammonia in sea water,

304

Palfemon serratus, breeding, 227

— squilla, breeding, 227

Paliemonetes vulgaris, breeding, 227

Palinurus vulgaris, breeding, 227

Pandalus annulicornis, breeding, 227

in Colne, 274

in Humber, 92

— brevirostris, breeding, 227

Paracelsus parvus, 231

Paralichthys ohlongus, 244

Pectinaria, larva of, 234

Peridiniuni, 234

Perigonimus repens, breeding, 223

Phialidium variabile, 216, 232, 233

Philine aperta, 211, 219

— — breeding, 226

Phoronis hippocrepia, 219

Phoscolion strombi, 212

Phyllodoce, larvge of, 232

— maculata, 218

— — breeding, 225

Piebald plaice, 271

Pilchard, hatching of larvae, 151

— life history of, 148

— young, 153

Pilidium, 234

Pilumnus Jiirtellus, breeding, 228

Pipe-fishes, development of agg, 258

— ovary of, 268

Pirimela denticulata, 222

Plagiostoma caudatum, 42

— dioicutn, 42

— elongatum, 42

— Girardi, 43

— Koreni, 43

— pseudo-maculatum, 42

— sagitta, 42

— siphonophorum, 43

— vittatum, 43

Plaice, ciliation of scales, 194

— destruction of small, 81, 402

— dwarf variety, 194, 378

— growth of, 273

— life history of, 395

— numbers landed at Grimsby, 400

— ovary, 155

— piebald, 271

— reai'ing of, 207

— size and maturity, 69, 164, 309, 377,

431, 444

— statistics, 124, 170, 289
—

- see also Pleuronectes platessa

Platydoris planata, 220

Pleuronectes borealis, 195

— flesus, coloration of, 197

see also Flounder

— limanda, 257

— maculatus, 244

— microcephalus, 64, 121, 161, 380

see also Merry sole and Lemon
sole

— platessa, 195, 257

— pseudo -flesus, 195

— — see also Plaice

Plumularia pinnata, breeding, 224

— setacea, breeding, 224

Pluteus, 232, 234, 235

Podoconjne [Dysmorpliosa) carnea, 214,

232, 234
— breeding, 223

Podon, 232, 234

— breeding, 226

Poliopsis, 3

Pollack, see Gadus pollachius

Polycera quadrilineata, breeding, 226

Polycirrus aurantiacus, breeding, 225

Polydora, 218, 232

— breeding, 225

— larva of, 234, 235

Polygordius, larva of, 234

Polynoe, larva of, 235

Pontobdella, breeding, 225

Poor cod, size and maturity, 309

Porcellana longicornis, breeding, 228

— platijclieles, breeding, 228

— zooea of, 233

Portunus arcuatus, breeding, 228

— depurator, breeding, 228

— holsatus, 178
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Portunus liolsatus, breeding, 228

— marmoreus, breeding, 228

— pusilliis, breeding, 228

Potts : history of trawling at Sunder-

land, 367

Prices, alleged cause of low, 138

Procersea picta, 218

Promesostoma agile, 40

— marmoratum, 40

— oyoideum, 40

— solea, 40

Proporus venosus, 38

Prosorhochmiis Claparedii, 20

Prosthecerxus vittatus, 46

Protonemertini, 3, 5

Provortex affinis, 42

— balticits, 42

— rubrobacillus, 42

Proxenetes flabellifer, 40

Pseiulocuma cercaria, breeding, 227

Pseiulo-pleuvonectes, 244

— americanus, 257

Purpura lapiUus, breeding, 225

R.

Radiolaria, 235

Baia alba, 133

— batis, 133

— blanda, 181

— macrorhyncJnis, 133

— nidrosiensis, 133

— oxyrhynchus, 133

Baniceps raninus, 93, 119

Rare or interesting specimens, notes

on, 274

Bathkea octopunctata, 213, 232

Rearing of lisb larvae, 168, 206

" Recessus orbitalis," an accessory

visual organ in Pleuronectid

fisbes, 185

Remarks on trawling, 307

Remedial measures, North Sea trawl •

ing, 426

Report of Council, xi, xvii

Bhizoselenia, 232, 233, 234

Rhombus hirtus, 248

— Ixvis, 204, 254

young, 233

see also Brill

Bhombus macnlatns, 254

— maximiis, 254

see also Turbot
— mceoticus, 254

— norvegicus, 190

Riches, T. H., see Contents

Bissoa, larva of, 234, 235

Bostanga coccinea, 220

S.

Sabeliaria spimilosa, breeding, 225

Sacculina carcini, breeding, 227

— nauplii, 234

Sagitta, 230, 231, 235

Sail-fluke, size and maturity, 309

Salpa, see Thalia

Saphenia dinema, 214

— tnirabilis, 234

Sarsia eximia, 234

— prolifera, 214, 232

— tubulosa, 232

Scad, see Caranx trachurus

Scarborough, territorial fishing

grounds of, 176

Schisto7)iysis arenosa, 221, 222

breeding, 227

— spiritus, breeding, 227

Schizonemertines, breeding, 5

Scoloplos armiger, 218

breeding, 225

Scorpsena dactyloptera, 121

Scyllium canicula, breeding, 229

— catulus, breeding, 229

Sebastes norvegicus, 132

— viviparus, 133

Seining, destruction by, 425

Select Committee of the House of

Commons on Sea Fisheries, xiv

Sepia, seizing prey, 166

Sepiola atlantica, breeding, 226

Serpulidse, breeding, 225

Sertularella Gayi, breeding, 224

Sertularia argentea, breeding, 224

— pumila, breeding, 224

Shrimp-trawling, destruction by, 419

— in Hiamber, 90

Siriella frontalis, 221

— jaltensis, 221

breeding, 227
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//

Size limit, comparative table, 382

— N. S. F. P. Assn., 381

Size to sexual maturity, relation of, in

round-fish, 78

Skate, size limit, 308

Smittia, sp., breeding, 225

Sole, growtli of, 273

— life history of, 393

— ovary, 161

— size and maturity, 74, 309, 377

— small, caught in Hamoaze, 164

— statistics, 127

— with symmetrical eyes, 188

Soles, destruction of small, 86, 414

Solea lutea, 178

absent from Humber, 93

— vulgaris in Humber, 93

Sprats, young, 153

Stake-nets, destruction by, 425

Statistics, fishery. Board of Trade,

384

east coast, 57

England and "Wales, 55

south coast, 58

west coast, 58

Stenorhynchus aegyptius, 222

— plialangium, breeding, 228

— temiirostris, breeding, 228

Styelopsis grossularia, breeding, 228

Stylostomiim variahile, 47

breeding, 224

Sunderland, introduction of trawling

at, 367

Syncoryne eximia, breeding, 223

Syngnathus acus, 267

Teviora longicornis, 231

Terebella, larvae of, 235

Terehellidee, breeding, 225

Teredo navalis, bi'eeding, 226

Tergipes despectus, breeding, 226

Territorial limits, extension of, 434

Tetraspora, 232

Tetrastemma amhiguum, 1, 19

— candidum, 2, 15

breeding, 225

— coronatum, 17

— dorsale, 13

Tetrastemma dorsale, breeding, 224

— fiavidum, 13

— immutahile, 1, 14

— marionis, 2

— melanocephalum, 2, 17

— nigrum, 1, 14

— Bohertianse, 19

— vermiculatum, 2, 17

breeding, 225

Thalassema, larva of, 235

Thalia democratica-mucronata, xx, 222,

234

breeding, 228

Thaumantias, 232

— odona, 216

— pilosella, 215, 233

Thecacera pennigera, 220

Thuiaria thuia, 96

Thynnus thynnus, 276

Tiara octona, 214, 233

Topknot (Norway), see Zeugoptenis

norvegicus

Tornaria, 234, 235

Tracliinus vipera, 97

Trachomedusx, 230

Trawl, hauling, 358

Trawling, remarks on, M'Intosh, 307

— rise of, in North Sea, 363

— vessels and apparatus, 313

Trigla cucuius, 191

Tubiclava cornucopise, 212

breeding, 223

Tuhulamis polymorplms, 5

Tubularia bellis, breeding, 223

— Immulis, 211, 212

breeding, 223

— indivisa, 211, 212

breeding, 223

— larynx, 212

breeding, 223

TurbeUaria, distvihntion of, in zones of

depth, 31

— local distribution, 32

— of Plymouth Sound, 30

Turbot, destruction of small, 85, 414

— growth of, 273

— life history of, 390

— ovary, 163

— size and maturity, 76, 309, 377

— statistics, 127
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Turbot, see also Rhombus onaximus

Tnsk, see Brosmms brosme

U.

Unciola crenatipalma, 119

— irrorata, 119

United States, fishery publications of

the, 236

JJriicina felina {Tealia crassicornis),

breeding, 224

Valencinia lineformis, 1

— iongirostris, 6

— ornata, 7

— splendida, 5

Vermicelli di mare, 284

Vessels, trawling, number of, on east

coast, 347

Virbius varians, breeding, 227

Virgtdaria mirabilis, 335

Visual organ, accessory, in Pleuro-

nectid fishes, 185

Vitelline nucleus, 264

Vorticeros auriculattim, 43

— luteum, 43

Voyage on steam trawler, 355

W.

Whiting, rearing of larvte, 206

— size and maturity, 128, 309, 377

Willia stellata, 234

Witch in North Sea, 400

— size and maturity, 309

X.

Xantho floridus, breeding, 228

— rivuLosus, breeding, 228

Z.

Zeugopterus norvegicus, 204, 249

— — see also Topknot
— punctatus, 248, 249

— — young stages, 202

see also MiiUer's topknot

— unimaculatus, 250

Zoarces vivipartis in Humber, 93

PKTNTED BY ADT,AKT> AND SON,

BARTHOLOMEW CLOSE, E.G., AND 20, HANOVUIR SQUARE, W.
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