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Jowrnal of the Mlavine Hiologienl Bssociation,

Report of the Council, 1890-1891.

Durine the past year the Council has met ten times for the con-
duct of the business of the Association.

In accordance with Bye-law 5, which provides for the election
of officers, Prof. B. Ray Lankester was elected in the course of the
year to the office of President in succession to Prof. Huxley, and
Dr. G. H. Fowler to that of Honorary Secretary. No other changes
have occurred in the Council.

The Council desire to express their indebtedness to the courtesy
of the Royal Society in permitting the meetings of the Association
to be held in their rooms.

The buildings at Plymouth are now in thorough repair. In the Buildings,
course of last summer the bottoms of the two largest tanks showed iﬁzﬁi;‘,
signs of weakness, the slate beams on which they rested being &e.
inadequate to support the enormouns weight of water; the danger
was fortunately discovered in time, and has been permanently
averted by the building up of brick piers from below. A small
shed has been erected at the back of the Laboratory for the recep-
tion of a forge and anvil, by the aid of which the engineer is now
able to effect all minor repairs to the gas engines and steam-launch.
Both gas engines have lately been thoroughly overhauled, and are
working with little or none of the vibration which originally
threatened danger to the vulcanite pipes. A twelfth compartment
has recently been fitted up in the Laboratory for physical work.

The severe winter produced a noticeable effect on the animals in
the aquarium as well as on those in the Sound, and the mortality has
been considerable. The condition of the tanks is, however, annu-
ally improving, and a self-sown fauna, including Hydroids, Ascidians,
and Cheetopods, is slowly springing up. A small charge for admis-
sion to the aquarium, which is now open daily, has lately been
instituted with satisfactory results.

The only addition to the boats during the year is a small Boats.
dinghey. The steam-launch * Firefly,”” purchased in July, 1889,
while very economical when in working order, is a considerable
source of expense for repairs, and great inconvenience ‘was caused
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during the summer of 1890 by her breaking down when the
Laboratory was full of workers. The terrible storm which swept
over the west of England on March 9th last did extensive damage
both to the “ Firefly ’ and to the * Anton Dohrn,” since repaired ;
the three-ton dandy ‘ Mabel,” which fortunately escaped injury
on that occasion, is also in working order.

Considerable additions have been made to the Library during
the year, the most important of which consists of the large and
valuable collection of works on Crustacea belonging to the late
C. Spence Bate, Esq., F.R.S., which have been presented by
Captain McGuire Bate. Among other valuable donations are the
following :

Presented by
Bull. and Mem. Mus. Comp. Zool., Harvard College . . Prof. Agassiz.
Proc. and Phil. Trans., Royal Society of London ; . The Society.
Mem. Roy. Acad. of Copenhagen 4 5 . The Academy.
Bull. and Rep. United States Fish GOmmlssmn : . The Commission.
Journ. Royal Microscopical Society i . The Society.
Results of the Norwegian North Atlantie Expedltlon ; . The Commission.
Quarterly Journal of Microscopical Science 5 . Messrs. Churchill.
Mittheil. Zool. Station in Neapel . ; Dr, Anton Dohrn,
Bull. Scientifique de France et de la Belglque 5 | . Prof. Giard.
Mittheil. deutscher Fischerei- Verein 3 3 : . The Society.
Notarisia . . Dr. Morefios.
Ber. Kommission masensch Untersuch deutschen Meele . The Commission.
Proc. and Bull. United States National Museum : . The Museum.
Tijdschrift Nederlandsche Dierkund. Vereeniging : . The Society.
Journal of the Linnzan Society . 5 ; : . The Society.
Bergens Museum Aarsberetning . . ; . The Museum,
Journal of the College of Science, Tokyo ; : . The College.
Trans. Royal Society of Edinburgh : 3 5 . The Society.

The Council beg to tender the thanks of the Association to the
donors of these and of many other publications.

At the end of July last Mr. G. C. Bourne tendered his resignation of
the post of Director of the Laboratory to the Emergency Committee,
and Dr. G. H. Fowler was appointed ad intertm Director for the
summer months. At a special meeting held on November 14th
Mr. W. L. Calderwood was appointed to succeed Mr. Bourne, and
entered on his duties on November 29th. The Director’s Assistant,
Mr. Walter Garstang, M.A., resigned in December last to take up a
Research Fellowship at the Owens College, Manchester ; and Mr.
Calderwood has appointed Mr. H. N. Dickson, F.R.M.S., F.R.S.E., in
his place. Mr. F. Hughes, of the Finsbury Technical College, has been
recently appointed to carry out an inquiry from the chemical side into
the possibility of manufacturing an artificial bait for long-line fish-
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ing. The funds for this purpose have been provided by the gene-
rosity of Mr. Robert Bayly, of Plymouth.

The following gentlemen have occupied tables in the Laboratory Occupation of
during the past year for the prosecution of their private researches, g:ﬁiif""
some of them on more than one occasion :— research,

Mr. W. B. Bexuam, D.Sec. (Polychssta).

My, Haxs DrigscH, Ph.D. (Heliotropism in Hydroidea).

Mr, G. H. FowLER, B.A., Ph.D. (Variation in Isopoda).

Mr. W. GARsTANG, M.A, (dscidiacen).

Prof. T. JorNsox, B.Sc. (dlgz).

Mr. E. A. MincHIN, B.A. (Porifera and Gregarinida).

Mr, T. H. RicuEs, B.A. (Pagurida).

Mr. W. G. RipEwooD (Clupeidzs).

Mr. W, W. WeLcH (General Zoology).

Prof. W. F. R. WeLpon, M.A., F.R.8. (Decapoda).

My, M. F. WoopwaRrD (Mollusca).

The first volume of the new series of the Journal of the Associa- Publication.
tion has been completed. The quarto Treatise on the Common Sole
by Mr. Cunningham, the Naturalist of the Association, was published
in October last.

Prof. E. Van Beneden, of Liége, has recently published a memoir
on specimens of the interesting larval Anthozoan, Arachnactis, which
had been collected at Plymouth by the Director, and forwarded to
Prof. Van Beneden at his request (Archives de Biologie, xi, p. 115).

The most important investigations in connection with fisheries pighery
are those carried out by Mr. Cunningham. A point to which investiga-
he has lately paid considerable attention is the rearing of post- Y
larval forms in the aquarium. This research, when taken in con-
junction with observations made by trawling, is yielding valuable
information on the rate of growth and the age at which sexual
maturity is attained. Information on these points is a necessary
preliminary to the serious consideration of any such prohibitory
legislation as has lately been demanded. Mr. Cunningham is also
continuing his inquiries into the localities frequented by immature
fish in the Plymouth area.

A series of careful experiments into the suitability of the river
Yealm for purposes of oyster-farming were made during 1890
by Mr. Bourne and Dr. Fowler; and a report embodying their
results and recommending its employment for such purposes has
been furnished to Lord Revelstoke, the lessee of the river. _

Further experiments on the rearing of larval lobsters, with the
view of keeping them in safety through the first moults, instead of
turning them free in the sea at what appears to be their most helpless
phase, have been carried out under the superintendence of Prof.
Weldon ; the difficulties in the way being apparently the provision
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of adequate space and of an appropriate food. As regards the
question of space, it is most desirable that, for the purposes of
rearing both lobsters and fish, the Association should form an en-
closed pond within reach of Plymouth; but the peculiar features
of the coast render it extremely difficult to find a site which can
be made available except at considerable cost.

Dr. Grenfell, the Medical Superintendent of the Mission to Deep
Sea Fishermen, has consented to extend the observations which he
has already taken in the North Sea so as to include points bearing

_ on the proposed closure of certain extra-territorial waters to beam-

trawlers, which was discussed at the International Conference of
1890 ; he has been furnished with thermometric and other apparatus,
and with printed forms for the systematic record of the mumbers
and sizes of fish taken on the various grounds.

The same reasons which make it difficult to find a suitable site
for a rearing pond for young fry in the neighbourhood of Plymouth
have hitherto prevented the establishment of a pond for growing im-
mature soles, &c., to a marketable size. The Director has lately paid
attention to the matter, but no place combining the numerous re-
quirements for success has been as yet found within an accessible
distance of Plymouth.

So many anchovies were brought to the Laboratory in the course
of last winter, in consequence of a price having been offered for them
by the Association, that the Council has authorised the construction
of an anchovy drift-net on the most approved model at a cost of
about £60. The fish ordinarily caught appear to be exceptional
specimens, large enough to be taken in a pilchard net, and it is
expected that, by the use of the special net, the occurrence of
anchovies in sufficient numbers to justify a regular fishery will be
demonstrated.

Among other extensions of the work of the Association during
1891, it may be mentioned that a series of systematic physical
observations will in future be carried out by Mr. Dickson, which
may be brought to bear on various questions connected with
fisheries.

The usual hatching and breeding experiments have been con-
tinued.

The receipts of the past year including the annual grants from
H. M. Treasury (£500), and from the Worshipful Company of
Fishmongers (£400) amount to £1925 5s. ; the annual subscriptions
and composition fees produced £273 9s., the interest on invest-
ments £35, the rent of tables £85, the sale of specimens £148 17s. 11d.,

the charge for admission to the aquarium (since February 11th,
1891) £30.
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A comparison of the chief items with the corresponding amounts
of last year

1889-90. 1890-91.

Annual Subscriptions and Composition
Fees . : : ¢ . £14313 0 ... £273 9 0
Founders’ Subscriptions . : ! s00=0 0 5. [ 00FEE0
Rent of Tables and Sale of Specimens . LSS S 0 (LT

shows an increase in the subseriptions of Annual and Life Members,
and also points to an increased use of the Laboratory by the public
both for original investigation and for the obtaining of material for
teaching purposes, On. the other hand only one Founders’ sub-
scription has been received during the year.

The Council are glad to be able to announce that in addition to
the £500 annually granted (during a period of five years) to the
Association by H.M. Government, a further sum of £500 has been
placed on the estimates for the current financial year.

Mr. J. P. Thomasson, M.P., has generously offered the sum of
£250 for expenses incurred in carrying out observations bearing on
the closure of certain extra-territorial waters to beam-trawlers by
international convention. It is proposed to take advantage of his
offer immediately.

The Council have recently taken steps to bring the claims of the
Laboratory and its work under the notice of the Technical Educa-
tion Committees of the County Councils of the South Coast of
England.

The Officers and Vice-Presidents proposed by the Council for
the year 1891-92 are :

PRESIDENT.
Prof. E. RAY LANEKESTER, LL.D., F.R.S.

VICE-PRESIDENTS.

The Duke of AreyLL, K.G., F.R.8. The Right Hon. JosEpH CHAMBER-

The Duke of SUTHERLAND, K.G. LAIN, M.P. .

The Duke of ABERCORN, C.B. Prof. G. J. Artmaw, F.R.S.

The Earl of ST. GERMANS, Sir EDWARD BIRKBECE, Bart.,, M.P.

The Earl of MORLEY. Prof. FLowseg, C.B., F.R.S.

The Earl of Ducig, F.R.S. Sir JorN LusBOCK, Bart.,, M.P.,F.R.S.

Lord WansingHAM, F.R.S. Prof. ALFrED NEWwTON, F.R.S.

Lord REVELSTOKE. Sir HENRY THOMPSON.

The Right Hon. A.J. BALFOUR, M.P., Rev. Canon Normax, D.C.L., F.R.S.
F.R.S. Captain WrarTON, R.N,, F.R.S.

J. P. TRoMAssON, Esq.
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COUNCIL.
Elected Members.

Prof. F. JEFFREY BELL, F.Z.S. A. C. L. G. GUNTHER, Esq., F.R.S.
FraAnk COrise, Esq., V.P. and Treas. | Prof. A. C. Happox, M.A.

Linn. Soe. E. B. Pourror, Esq., F.R.S.
W. T. TrisELTON DYER, Esq., C.M.G., | P. L. SCLATER, Esq., F.R.S., Sec. Z.8.

F.R.S. Apam SEDGWICK, Esq., F.R.S.
JorN Evans, Esq., D.C.L., Treas. R.S. | Prof. CHARLES STEWART, P.L.S.
Prof. J. C. EwarT, M.D. Prof. W. F. R. WeLpoN, F.R.S.

Hon. Treasurer.
E. L. BecEwirH, Esq.

Hon. Secretary.
G. HErBERT FOWLER, Esq., B.A,, Ph.D.

June 24th, 1891.



Dr. Statement. of Receipts and Payments for Year ending 31st May, 1891. Cr.
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Special Fund, Bait Investigation ......... 387 9 9 D IFeeton e S s e, 200 0 0
% Steam Launch ............... 9 4 0 Naturalist ... susrevire - 4200w (05 0
— Wages aud Salaries of Assmtanta, &c.... 384 14 0
477 13 9 — 83414 0
Less Deficit on General Account ......... 204 10 10 By Stationery, Office Printing, Postage, &c. . 162 9 1
_ 273 211 ,» Printing and Illustrating Journal.. 114 4 3
To H, M. Treasury ...eccervveessersasosurnssnaivacs 500 0 O ,» Printing and Illustra.tmg Monogrnph on
5 Fishmongers’ Company ......cecc.oeves 400 0 0 the Sole 5. . 282 10 8
5 Donation, J. P. Thomasson, Esq 250 0 0
5 Annual .‘::uhsouptmns 211 4 0O ,» Gas, Water, Coal, Oil, &c. ... 116 6 5
o Bonpdards e 100 0 O i Stockmg Tanks with Fish, Feedmg and
,» Composition Fees.. 62 5 0 Maintenance ..... 89 2 b
» Rent of Tables, Salea of Jouuml Specl- 5, Glass, Chemicals, Apparatus, &r‘ 1350 4 5
mens, &ec... 240 19 11 ,» Maintenance and General Repmrs ORI
5> Bales of Munngraph on the Sole.. 9% 1 6 55 Bates and Taxes .......coeevvsenvaves 34 3 9
,» Admission to Tank Room ........ s 29 12 7 ,» Boat Hire .. A 49 4 8
i Intarest on Investiient s e e b S ) ,» Travelling preuac“i LRl Sy
— 40116 0 ,» Library .. G =95 G 7
4 ,» Lecture T‘und b b
594 13 2
By Balance forward, made up as follows :
Special Fund, Bait Investigation ...... S8 080
5 Steam Launch ............ 90 4 0
477 13 9
Less Deficit on General Acecount ...... 267 17 0
—_ 20916 9
£2198 7 11 £2198 7 11
—rr———— e e—

Examined and found correct,

C. STEWART,
P. L. SCLATER,
Epwin WATERHOUSE,

22nd June, 1891,

} Auditors.

Investment held 81st May, 1891 :
£900 Forth Bridge Railway 4% Debenture Stock at125...£1125 0 0
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86 ANNUAL GENERAL MEETING,

Annvan Geveran MerrTive, 1891.

Tar Annual General Meeting of the Association was held in the
rooms of the Royal Society on Wednesday, June 24th, 1891, the
President, Prof. E. Ray Langester, LL.D., F.R.S., in the Chair.

The minutes of the last General Meeting having been read and
confirmed, the Report of the Council was read, and was adopted on
the proposal of Admiral Sir Erasmus Owummansey, C.B., F.R.S,,
seconded by Dr. S. J. Hickson.

The Report of the Hon. Treasurer, and the Balance Sheet were also
adopted on the proposal of Joux Hvans, Esq., D.C.L., Treas. R. S.,
seconded by Prof. Werpon, F.R.S.

The Hox. TreEASURER then moved a vote of thanks to the Rt. Hon.
Joseph Chamberlain, for his valuable services to the Association
during the past year, which was seconded by Prof. MclIxrosm,
F.R.S., and carried unanimously.

The list of the Officers and Council suggested by the Connecil for
the year 1891-92 having been proposed by Dr. S. J. Hicksor, and
carried, Prof. Frowgr, C.B., F.R.S., moved a vote of thanks to
Mr. J. P. Thomasson for his offer of £250 for expenses to be in-
curred in carrying out observations in the North Sea, which was
seconded by the Hon. TrEasvrERr, and carried unanimously,

The proceedings concluded with a vote of thanks to the Officers
and Council, proposed by Prof. M’InrosH, and supported by Admiral
Sir Erasnus OMMANNEY.
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Director’s Report.

During the summer months the tables of the Laboratory were
well occupied ; the following is a list of the workers, together with
the subjects studied :

Garsgrang, W. . . Tunicates.

Bucranan, Miss . . Polychates.

Srewart, A. H. . . Holothurians.

Gauerz, F. W. . . Eyes of Mollusca.
WeLooy, W. F. R. . Crangon.

Ropivson, Miss . . Palaemon.

Rrrcmes, J. H. . . Pagurus and Hormiphora.
WinLey, A. A . Tunicates.

Huemes, W. J. . . General Natural History.
Haurr, E. de . . General Natural History.
Hickson, S. J. . . Alcyonium,

The weather has been extremely unfavorable for carrying on
continuous and systematic dredging ; nevertheless the boats of the
Laboratory have been constantly employed on every suitable day,
and a considerable amount of material has been collected.

The preservation of specimens has been much more carefully
attended to than formerly. One man now devotes almost his
entire time to this work. This is necessary, since it is only by
constant practice in the treating and handling of delicate specimens
that really satisfactory results can be attained. Our trade in speci-
mens is now becoming extensive, and it is therefore highly desirable,
both for the credit of the establishment and for its purse, that the
material supplied should be prepared with the utmost care.

Mr. Cunningham continues his valuable observations on the rate
of growth of food fishes, also on their life histories and spawning
periods. Papers by him will be found in the present number
treating on these subjects.

Experiments on the production of artificial baits are also being
continued by Mr, Hughes. He has also been making some inter-
esting experiments as to the presence of fat in the flesh of fishes,



88 DIRECTOR’S REPORT.

particularly those fishes which are prepared for the market by
drying.

A meteorological station of the second order has been established,
where observations are taken twice daily. This, in addition to the
ordinary physical work of the Laboratory, is under the supervision
of Mr. Dickson.

The presence of anchovies in considerable numbers in the waters
of the Channel has from time to time been taken notice of ; * and
now, in order to demonstrate as far as possible the actual numbers,
and the possibility or otherwise of instituting a regular anchovy
fishery, a fleet of small-meshed nets has been specially constructed.

Owing to the very boisterous weather we have only been able to
shoot the nets three times, and as yet have not been successful in
coming upon anchovies.

Arrangements for a still larger Fishery Investigation have been
made. The Association has determined to make a thorough exami-
nation into the actual condition of the North Sea Trawling Grounds,
the International Conference of July, 1890, having abundantly proved
that reliable data were required before any legislation could, with
confidence, be expected; and at the same time that international legis-
lation was demanded on all sides, owing to the general outery that the
grounds are over-fished, and that large quantities of sexually imma-
ture fish are constantly being captured or destroyed. Mr. Holt, at
present engaged in Irish Fishery duties, has been specially ap-
pointed to carry on this work during the ensuing year. I shall
not at present enter into a detailed statement as to how it is pro-
posed to investigate the question, but shall probably, in the next
number of the Journal, give an account of the lines on which the
work has actually been begun. I have already made the various
headings in the scheme of work public, by including them in a
general paper on the work of the Association read to the Biological
Section of the British Association this year.

I need only add that the gemeral work of the staff continues
steadily ; that we have hatched both flat-fish and lobsters in con-
siderable numbers in the Dannevig hatching-box, of which I spoke
in my last report; that many interesting animals have been
obtained—some of which are described in this number of the
Journal ; and that we hope to continue to increase our knowledge,
both in regard to matters scientific, and in the more practical ques-
tions connected with the fishing industries of the United Kingdom.

W. L. Carprrwoob.

% Journal Marine Biological Assoc., vol. i (N.8.), p. 828.
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The Egg and Larva of Callionymus lyra.

By

J. T. Cunningham, M.A.

With Plate V.

Tre egg of this species has been described and discussed by
Professors McIntosh and Prince, by Mr. BH. W. L. Holt, and by
myself.* Raffaele, in his paper in the Mittheilungen of the Naples
Station, vol. viii, described the yolk in the ovum of COallionymus
festivus as having a peripheral layer of yolk-segments, but no
reticulated marking on the surface of the vitelline membrane ; while
all we English observers have agreed in stating that the egg of
Callionymus lyra, our common dragonet, has a reticulated marking
on the vitelline membrane, but no yolk-segments. I was, therefore,
very much surprised, in examining some eggs of this species from
the tow-net this year, to find that there actually was a peripheral
layer of yolk-segments, which had hitherto been overlooked.

Raffacle states that in Callionymus festivus, the Mediterranean
species, the yolk-segments extend all round the yolk from the
beginning, before it has been enveloped by the blastoderm. Whether
this is correct in C. festivus or not, it does not apply to C. lyra. In
the ovum shown in Pl V, fig. 1, which was taken in the tow-net on
May 14th, 1891, the blastoderm has spread over about one third of
the circumference of the yolk, and the layer of yolk-segments ex-
tends beneath the blastoderm and somewhat beyond it, but is absent
from the opposite pole of the yolk. An egg of the same species at
o later stage, in which the yolk is completely enveloped, and Kupffer’s
vesicle has appeared beneath the posterior end of the embryo, is
shown in fig. 2, and it will be seen that at this stage the external
subdivided layer extends over the whole of the yolk. Thus the
layer of yolk-segments in the egg of C. lyra is at first confined to

* See Ann. and Mag. Nat. Hist., Dec,, 1885 ; Memoir by Melntosh and Prince in Trans.

Roy. Soc. Edinb., vol. xxxv, pt, 8, 1890; my paper in this Journal, vol. i, p. 21; Mr.
Holt’s Memoir in Sci, Trans, Roy. Dublin Soc., vol. iv, ser. 2, No. 7.
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the part of the yolk beneath the blastoderm, and accompanies the
latter in its gradual extension, just as in the eggs of Solea and in
other cases where the peripheral yolk-segments occur.

There can, I think, be no doubt about the identification of the
eggs I refer to. I have never found in the egg of any other species
anything resembling the hexagonal reticulation in the membrane of
the egg of the dragonet. The size of the eggs described here was
‘81 and ‘83 mm. in diameter, while those described in my former
paper measured ‘90 and ‘97, a variation not greater than-that which
occurs among the eggs of a given species.

Mr. Holt (loc. cit.) has given figures of the larval dragonet when
just hatched, and about twelve hours after hatching. I am able
now to give a figure of a later stage. The larva depicted in fig. 3
was drawn on May 14th, and hatched from an egg taken on May 6th,
so that it was probably five or six days old. The yolk is entirely
absorbed, but the larva retains some of the characteristics mentioned
by Holt. There are marginal pigment spots on the embryonic fin-
fold, but they are more numerous than in the stage figured by Holt ;
while there is no band across the tail, but pigment over nearly the
whole of the post-anal portion of the body. The pectoral fin is large.
The snout has still a somewhat pointed form, but the region of the
mid-brain is much more prominent than in Holt’s stage. Holt speaks
of only one pigment, a bright orange, dark by transmitted light, and
I gather from his description that in the stages he examined he saw
- no black chromatophores. I think this must be a mistake ; in any
case there are, as usual, both black and coloured chromatophores in
the stage I am describing, the coloured cells being light yellow by
reflected light and darker yellow by transmitted. The length of
the larva was 4°7 mm.

DESCRIPTION OF PLATE V,

Ilustrating Mr. Cunningham’s paper on “ The Egg and Larva of
Callionymus lyra.”’

F1e. 1.—Egg of Callionymus lyra, taken May 14th, 1891, Zeies A, Oc. 3. Under cover-
glass, drawn with Abbé's camera lucida.
bl, Blastoderm,
y. 5. Yolk-segments,
F1a, 2.—Another egg at a later stage of development. Drawn with the same combina-
tion, without cover-glass.
k. v. Kupffer’s vesicle.
#.8. Yolk-segments.
Fig. 8.—Larva of same species some days after hatching. Drawn May 14th, 1891.
iss a,, Oc. 3, camera, ;
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Experiments on the Production of Artificial Baits.

By

Frank Hughes.

Ir may be well to preface the paper on the Production of Artificial
Buaits by a short statement as to the way in which the experiments
were taken up by Mr. Hughes.

Members of the Association are of course aware that, through the
kindness of Mr. Bayly, of Torr Grove, Plymouth, a special fund
was instituted for the purpose of finding out, first of all, what it was
in the bait that attracted fish, and, secondly, how the attracting
matter could artificially be extracted, and applied to easily procured
substances ; or manufactured altogether afresh.

The papers of Mr. Bateson, published in the Journal, vol. i, No. 3,
discussed, at considerable length, the manner in which fish sought
their food by the action of their various senses. This work formed
a logical basis for the whole inquiry of artificial bait, besides
proving of great scientific value.

The question has now been taken up from a chemical point of view,
and practical results sought after. This preliminary paper by
Mr. Hughes—a chemist from Prof. Meldola’s Laboratory—shows
generally the methods he has employed in trying to produce an
artificial bait from natural sources.

‘When several preparations had been made, a long line was set
somewhere in the neighbourhood of Plymouth, the hooks being
baited, not only with the newly prepared substances, but with natural
baits as well, so that a proper estimate might be formed by
comparison.

Briefly, it may be said, that no bait has yet been discovered which
appears to act as an irrestible lure to the fishes, but at the same time
a considerable amount of success has been met with, and if the
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difficulty of finding a proper medium with which to convey the
attracting smell could only be got over the problem would
practically be solved.—W. L. CaLperwoon, Director,

In a previous number of the Journal Mr. Bateson has shown that
the majority of the fishes which are caught by the long lines are
attracted to their food entirely by smell, and it has been suggested
that if the odorous material could be extracted from the bait and
preserved, it would be possible to keep a supply of such bait in hand,
and so be more or less independent of the supply of natural bait,
which is at all times very uncertain. My first experiments were
mainly in this direction, to extract and preserve the odorous matter
from the bait, and in this I have been to some extent successful.

Various solvents were employed for extracting. The volatile ones,
such as ether and chloroform, were used in an extracting apparatus,
while in other cases the bait, &c., was cut into small pieces and
soaked in the liquid at as high a temperature as could be employed
without destroying the scent. This temperature appears to be about
50° C. Ether extracts from almost all kinds of bait an oil, varying
greatly in quantity ; from squid and mollusca ; generally this amount
is extremely small and on this account quite useless, although it has
in some cases attractive properties. Pilchards and mackerel give a
relatively large amount of extract, owing to their oily nature ; but
although these are to some extent attractive, they do not appear to
contain anything like the total amount of odorous matter present in
the animal. Nereis and Arenicola (as worm baits) give ethereal
extracts which are attractive to some fish—turbot, rockling, pouting,
&c., but the conger is not attracted by them. Chloroform extracts
nothing from mollusca, and in no case was an extract having
attractive properties prepared with this solvent. Olive oil and fats
do not take up the scent from any of the baits mentioned. Distilla-
tion of the baits in water, or in a current of steam, only gives a smell
of cooked fish, which is utterly unattractive.

Besides extracts of the baits usually employed, T have also prepared
some from coarse fish ; from the intestines, livers &e., of ling, and
hake, and from the hermit crabs; but have not succeeded in
obtaining anything at all attractive, and I believe that, if any efficient
extract is to be prepared, it must be from squid, mackerel, or
pilchard. The most attractive extracts are those prepared with
glycerine, but they have the disadvantage that the solvent cannot be
recovered or got rid of ; but, on the other hand, they can be kept for
any length of time if some boracic or salicylic acid be dissolved in
the glycerine.
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When a sufficiently attractive extractis obtained, however, it does
not necessarily follow that it is of any use as a bait, since there is a
great difficulty in applying anything in a liquid form. To do this,
some substance is needed which will soak up enough extract to retain
its odour for a sufficient time in the water, and yet be soft enough
to allow of the fish getting hooked. Various substances have been
tried for this purpose. Pieces of flannel and bags of buttercloth
filled with pulp or cotton-wool, were soaked in the extracts, but these
do not retain their smell more than a few minutes. To obviate this,
I tried to thicken the extracts with gelatine, but this appears to
precipitate the odorous substances, and the smell is destroyed.  Slices
of turnip, filled with the extract under reduced pressure, were also
tried ; but in this case a strong vegetable odour was developed,
which rendered the substance useless. Gelatine appears at first to
be just the substance required, but in order to mix the extract with
the gelatine heat must be applied, and this completely destroys the
smell of the extracts.

Since liquid extracts appeared to be so difficult to use as bait, I
tried making a kind of mash of the bait, adding small quantities of
boracic acid and glycerine, to prevent decomposition, These
mixtures remain unchanged for a considerable length of time, and
retain their attractive properties.

Mackerel and squid treated in this manner were most attractive
to the conger in the tanks of the Laboratory, but I have not caught
any fish with them from the sea, althongh some of the bags contain-
ing the mixtures have been sucked off the hooks. Conger will
also eat pastes made with flour and these mashes ; but these are of
no use for fishing, as they do not remain on the hooks for a sufficient
length of time. If one may judge from experiments in the Aquarium,
as soon as a bait reaches the bottom it is seized by the crabs, and
if it is not sufficiently tough, is pulled off the hook before the fish
have time to get the scent. For this reason the medium for
applying an extract, or, in fact, almost any kind of preparation must
be exceedingly strong, and not easily pulled to pieces. If anything
of this nature can be prepared, the application of extracts will become
easy, and the whole question will be very much simplified.

I have not made any experiments with essential oils, since
Mr. Bourne, when at Plymouth, tried several of these, and found that
none were in any way attractive ; it seems improbable that fish would
be attracted by anything of that nature, since, in the natural
course of events, they would never meet with such bodies.

Preserving bait by freezing has also been tried, and was
moderately successful. A number of squid were cleaned and placed
in an air-tight jar, a small quantity of dry boracic acid, being
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sprinkled over them ; this jar was then surrounded with a mixture of
ice and salt, so that the temperature did not rise above 28° F. At
the end of about a fortnight the jar was opened, and the water which
had accumulated at the bottom poured out ; the jar was again closed
and kept for three weeks in ice; the squid was then of a pink colour,
but was quite fresh, and fifty hooks baited with it caught four
conger, while fifty with natural bait caught only one conger and two
pollack. This shows conclusively that squid can be kept for a
considerable time in a frozen condition, and, if this process could be
carried out on a larger scale, with refrigerating apparatus, the
expense need not be very great. Iintend to try if pilchards can be
preserved in a similar way. This has been attempted, but the
temperature was allowed to rise too high, and decomposition
occurred.
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The Rate of Growth of some Sea Fishes and their
Distribution at Different Ages.

By

J. T. Canningham, M.A.

Dr. Wenyss Forron has made an extensive investigation of the
distribution of immature sea fishes, and has published his results
in the Report of the Scottish Fishery Board for the year 1889.
He had at his disposal a sea-going vessel specially adapted to
fishery investigations, and his data were obtained exclusively by
means of this vessel. As scientific Secretary to the Board Dr.
Fulton is attached to the Office in Edinburgh, and the observa-
tions he required were made and recorded according to his direc-
tions by the naturalists on the Board’s steamer ‘‘ Garland.” The
conception and the execution of this investigation are both admir-
able, and it has supplied a great deal of definite knowledge upon
subjects of great importance on which previously we knew little or
nothing. The enquiry consisted in determining firstly, from the
examination of a large number of specimens, the minimum and
maximum size of sexually ripe specimens of each species; and
secondly, the relative abundance of specimens smaller than this
minimum size at various depths and various distance from shore.

The enquiries described in the present paper are to some extent
gimilar to Dr. Fulton’s, but in the main they are different both in
object and in method. My first object was as far as possible to
ascertain something of the rate of growth of sea-fishes of various
species. 'With this purpose, I have searched for young specimens
in all possible ways, and have measured and preserved all I could
meet with. Some have been taken with the shrimp-trawl worked
from our little steam-launch in Plymouth Sound and the neighbour-
ing bays, some in the tow-net. I have also collected specimens
from the deep-sea trawl of the professional trawlers, and from the
hauls of ground seines. During the summer of the present year, I
have been authorised to hire steamers in order to collect in deep
water at some distance from land, and have trawled at various
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depths with the shrimp-trawl and a small-meshed otter-trawl, and
have also worked a large tow-net, 8 feet by 6 feet in area at
" the mouth, at various distances from the coast. Knowing the
spawning time of each species I have been able to determine the
age of the young specimens collected in a number of cases with
more or less certainty. Often there is no doubt as to the age
within a month or so of young specimens of the same year’s brood,
and it is often possible to say that small fish which are too large to
be derived from the last spawning period, for instance those col-
lected at the spawning period itself or a little later, must be a year
old or a little over. But it is difficult in this way to ascertain the
maximum growth for one year, since a number of specimens of one
species often form a continuous series in size, and it becomes diffi-
cult or impossible to say where those of one year old end and those
of two years begin.

In order to get more certainty on the question, I have been rear-
ing specimens of known age of as many species as possible in the
tanks of the aquarium. The first results of these experiments were
published in this Journal, vol. 1, p. 370. Many of the flounders and
other fish mentioned there are still alive. It is, of course, a ques-
tion in the case of each species how far the growth of specimens in
captivity is normal, whether it exceeds or falls short of the growth
of those living in the free state. This question can only be
answered by comparing the size of captive specimens with that of
young specimens collected from the sea at various times of the year.

I have recorded the place of capture as well as the size of the
gpecimens collected, and am able therefore in some cases to confirm
and in others to add to the results obtained by Dr. Fulton. In a
few cases I have had opportunities of determining the minimum size
of ripe specimens with results which sometimes differ from Dr,
Fulton’s, a difference doubtless due in part to the difference of the
districts in which our observations have been made.

Another subject I have discussed is the relation between age and
sexual maturity. It is not at present known whether flat fishes for
instance begin to breed at one year of age or at two, or whether
some breed at one year and others at two according to the size they
reach in the time. Some species again may have a more uniform
growth than others, and all breed at the end of their first year,
while other species do not breed till a later age.

I have given below, in tabular form, the details I have collected
up to the present time concerning the several species. The majority
of the species considered, belong to the families Pleuronectidss and
Gadida, and I have more data referring to the flat fishes than to any
other species. With the exception of Carana trachurus all the
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species included in this paper are trawl-fishes. Each table is followed
by a short commentary, and at the end of the paper I have

summarised and compared together the results brought out by the
tables.

Pleuronectes flesus, the Flounder. Specimens reared in the

Aquarium,
Number of| Length in (Length in
Date. Bpecimens. centi\%letres, inches. Age. Remarks,

May, 7, 1890 200——30()! 1'15—1-2| 4 |About 1 month Obtained in Mevagissey Har-
| to 2 months bour at low tide.
Aug. 19, 1890 2 6'7—8:0 (2:6—352|4 to 5 months |Only two measured.

April 4,1891| 18 | 40—16:3|1:6—60[1 year Kept in a tank 5 ft. by 23 £t.
| and 1 ft. 6 in. deep.
3 20 | 50—17'42:0—6'9|1 year Kept in another tank of the
same s17e.
5 13 | 55—190(2:2—7% |1 year Kept the latter part of the
| 2

time in a tank 18 ft. by 3% ft.,
by 2 ft. deep. The smallest
weighed 1 oz, the largest

! 3% oz.
Sept. 1, 1891 3  17:8—20'87:0—8'2|1 year 6 monthsKept in a tank 2 ft. by 1 £f.|
| in area, and died from an
| accident to the water,

The above table gives the growth actually observed in a large
number of specimens kept in captivity and abundantly supplied with
food. The most striking feature of the result is the very greab
variation in growth among these individuals, spawned at the same
season, and therefore not differing by more than a few weeks in age.
‘Whether there is as much variation under natural conditions is a
question that immediately suggests itself. It is evident there is
considerable variation in the rate of growth in nature, from the
difficulty of distinguishing in a large number of fish those of one
year’s, two years’, and three years’ growth. It is not difficult to
recognise with certainty young fish only a few weeks or months old ;
but the individuals of a given species brought up in numbers at a
single haul of the great beam-trawl form usually a regular series of
sizes, so that it is difficult if not impossible to separate definitely
those which are one year old from those which are two, and those
which are two years from those which are three.

Another point of interest is the relation of age to sexual maturity.
According to Dr. Fulton’s investigations, the smallest ripe flounder
is 7 inches long. Now some, namely two out of fifty-one speci-
mens, of my captive flounders had reached and passed this limit
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of size in one year’s growth. But these specimens were not ripe,
and the proportion of specimens of this size is so small, that I think
it may fairly be concluded that the flounder does not breed at the
end of its first year. Of course, it is possible that the largest
specimens one year old breed, while the smaller are still sexually
immature ; but the evidence of my captive specimens is against this.
It seems probable, therefore, that the flounder does not begin to breed
until it is two years old, when its length would probably be from
7 to 9 or 10 inches. The largest flounder observed by Dr. Fulton
was 16} inches long. The increase in length per annum must of
course diminish with every year of age, even if the rate of increase
"in weight were to remain uniform, simply because the weight is
proportional to the cubic dimensions of the fish, and probably the
rate of increase in weight also diminishes with age. Therefore, a
flounder from 12 to 16 inches in length is in all probability at least
three years old and may be many more.

Pleuronectes flesus, the Flounder. Spectmens obtained from the Sea.

Number of | Lengthin | Lengthin :
Date. specimens. | centimetres,| inches, Calcnlated age. Locality and remarks.

May 7, 1890{200—300|1°16—1°2| } inch |About 1 to 2 Mevagissey Harbour,

months
May 31, 1889|Anumber| 1-1—1-9 | +—§ |2 to 3 months 5 =
June 15, 1889 A 1-2—2-8 1—1-1 (2% to 8% months 2 7
April 8, 1891 6  |14-2—19°0| 56—T7'5 |1 year Taken by seine in Catwater.
Oet. 15, 1890 3 18'1—21'3| 7-1—84 |1 year 7 months|Taken by seinein Hamoaze.
2 26'2—27°0/10'3—10'6/2 years 7 months 4 o

The data here are very insufficient, and I hope to add largely to
their number in future. But I think it is evident that the flounders
taken on April 8th, 1891, in the Cattewater, were just over one year
old, and had grown to about the same size as the larger among the
specimens kept in our tanks. It seems, therefore, that the growth
of this species observed in captivity does not differ very much from
that of specimens living in freedom. Whether in a state of nature
specimens ever reach such a small size in one year as the smallest
of my captive specimens I am as yet unable to say. But it must
be remembered that the competition for food in a small tank con-
taining a large number of specimens is very great, so that indivi-
duals which possess a little superiority in size and activity to start
with, probably increase that superiority continually by seizing the
greater part of the food before the smaller ones can get it. No
doubt there is competition in the natural state, but at any rate the
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individuals on the sea bottom have a much greater area to wander
over.

With regard to distribution it is noteworthy that I have taken no
flounders under 7 inches long except in the estuaries of Catte-
water and the Hamoaze, although I have seen numbers of ripe
flounders brought up in the trawl on the ground inside the
Eddystone from a depth of 25 to 28 fathoms. Dr. Fulton
also failed to find any small flounders in the results of the
Garland’s fishing at various depths and distances from the shore
with a small-meshed trawl. It seems pretty certain that the flounder
in its immature state is confined to inlets and especially estuaries,
where the water is more or less brackish. It certainly spawns in
the open sea up to depths of 30 fathoms; but even adults are
found far up such estuaries as the Firth of Forth, and the Catte-
water at Plymouth.

Pleuronectes platessa, the Plaice.

Dato ggs?llec» :;tg:gu‘;f Eg‘:ﬁg;;; Li?c t::;in Calculated age. Locality and remarks.
June 13, 1889 1 51 2:0 |4 months Whitsand Bay, 5 to 7
| fathoms. Shrimp trawl.
June 17,1889, 39 3:5—59 | 1°4—2'3 |3 or 4 months = =
|Sept. 28, 1889 1 63 2'5 |6 months Sutton Pool.
|Feb. 13, 1889 2 80,83 | 31, 33 |1 year Cattewater.
|Feb 26, 1889 1! 94 87 |1 year Entrance of Cattewater.
|Feb. 27, 1889 1 89 35 1 year |Cawsand Bay, 3 to 5
| fathoms.
May 16,1889 10 [11'2—17'7| 44—70 (1 year and 350attewnter, in small seine.
months .-
May 24, 1889 1 15'5 61 |Cattewater.
Sept. 18, 1891 i 207 82 L )’ear ’ and %75 to 8 miles 8. of Eddy-
months stone, 85 futhoms.
Oct. 15, 1890 7 [195—24'8/ 77—9'8 [L year and 8 Hamoaze, in small seine.
: months
Dec. 10, 1889 1 22-4 88 |1l year and 10|Cal:tewater.
months
|April 19, 1891 i [ 98 |2 years \Professional trawler, E. of
| | Eddystone, 30 fathoms.
Sept. 8, 1891 1 222 87 |1 year and 7|
months S.W. of Rame Head,
o 6 |27°5—31'5(10-8—12'4/2 years and 7| [ 25 fathoms, otter-trawl.
months | d

It may seem that I have estimated the age of the specimens in
the last entry of the table too highly, but it must be remembered
that the plaice reaches by no means so large a size on the south-
west coast of England as it does on the east coast. In fact, in the
neighbourhood of Plymouth the plaice is not very much larger than
the flounder. Dr. Fulton gives the maximum size of the plaice as
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28 inches, but I think 20 inches is about the maximum at Plymouth,
and the usual size is 15 to 18 inches. I do not think, therefore,
that this species could reach 12 inches in less than two years. My
observations fully agree with those of Dr. Fulton in regard to the
distribution of young plaice, all those I have obtained under 9 inches
having come from Whitsand Bay, 3 to 7 fathoms, or from the estu-
aries opening into Plymouth Sound. The smallest ripe plaice I have
seen was 25 c.m. or 9'8 inches long, and this was a male, while Dr.
Fulton finds the lowest limit in size of mature individuals to be 12-
inches. This again illustrates the difference with respect to this
species between the south coast and the east coast.

From my results and Dr. Fulton’s together I think there is very
strong evidence that the plaice does not begin to breed till it is two
years old (and over 8 inches long on the south coast), that for the
first eighteen months of its life it resides in estuaries and inlets
under 10 fathoms in depth, and that it only migrates to deeper
water when it is nearly two years old, shortly before it begins to
breed for the first time.

Pleuronectes limanda, the Dab.

|
Date, g}%ﬁ‘;f:n‘g cgfggg;:s‘ Lf;fﬁ‘;“ TCalculated age. Locality and remarks.
8
June 14, 1890 1 105 04 About 3 months|Cawsand Bay, 3 to 5 fms.
June 17, 1889 11 3—34 | 1:2—14 | il Whitsand Bay, b to 7 fms,
June 25, 1889 7 1'7—32 | 007—1'3 - Cawsand Bay.
July 9, 1891 2 16—17 | 06—07 i Two miles N, of Eddystone,
fine meshed shrimp trawl.
Sept. 4, 1890 8 38—51 | 1'3—2 About 6 months|W. of Rame Head, 20 fms.
Oczt. 3, 1889 1 362 14 About 7 months|Cawsand Bay.
Dee. 10, 1889 b 57—11 | 2'2—4'3 About 9 months|Cattewater.
Feb, 13, 1890 7 2:6—9'5 | 1—3'7 |Aboutllmonths|Cattewater.
Feb. 27, 1890 2 57,61 | 22 24 | L Cawsand Bay.
Apr. 38,1891 8 bf—12-6 I 2:2—5 | About13months|Cattewater. With these
[ was 1 specimen 17°2 em.,
[ | probably 2 years old.
Apr. 30, 1891 5 50—60 | 2—24 | 5 Plymouth Sound.
May 10, 1889 18 47—91  1-8—3'6 Aboutldmonths|Cattewater.
May 8 2 T8 oloEna | 5 Cawsand Bay.
May 6, 1889 2 70050 byl | & Whitsand Bay.
Apr. 19, 1891 3 |11'5—13'5 4:5—5'3  About1 year |[Large trawl, E. of Eddy-
| | stone. Unripe males.
» 6 |144—18:3 57—72 Probably2 years|Ripe Males.
22 2 |170—188 67,74 | a: Females, 1 ripe, 1 nearly so.
Aug. 20, 1891 25 11'6—14 4-7—5'5
- 22 14—16 5'5—6'3 | Probably 1 year|/Trawler, 5 miles S. of
it 30 16—18 6'3—7'1 (| and 5 months | Eddystone
il 36 18—20 71—79) |
3 5 20—22 79—8'7 | Probably2 years o >
A 2 22—24 87—95 [ | and 5 months
Dec. 10, 1889 5 14—18'5 | 55—73 |1 year 9 months|Cattewater. Weight of the
| largest 2 oz. 6 drms.
Sept. 18, 1891] 49 12:5—19 | 49—%5 |1 year 6 mos. } From 2 trawlers working 5

to 8 miles 8. of Eddystone.

- 48 19—26 ‘ 75—102 |;2 years 6 mos.
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According to Dr. Fulton the smallest ripe dab was 5}
inches long, and the maximum specimen observed 14 inches
long. The smallest ripe specimen seen by me was a male 5°7 inches
in length ; the smallest ripe female I have seen was 6'7 inches.
The dab spawns in March and April, and in reckoning the ages in
the above table I have counted from the month of March. It is
certain that the ages given in the above table up to the entry for
May 6th, 1889, are correct, and we see, from the sizes of those taken
in the summer and autumn, the growth of the fish spawned the
same year, while those taken between Christmas and May must be
derived from the brood of the previous year, even the smallest
taken in May, 1'8 inches, being too large to be attributed to the
spawning of the same spring. Thus we find that a dab just
over a year old may be as small as 18 inches in length ; a conclu-
sion not surprising in view of the fact that some of the flounders
reared in captivity were only 1'6 inches at the same age. The
maximum growth exhibited by this species in a year is more diffi-
cult to determine, but considering the case of the flounder we need
have no doubt that the specimens 5 inches long, taken on April
3rd, were only just over a year old. Some specimens may very
likely reach a greater size than this in the same time. The maxi-
mum observed in the flounder was 71 inches, and as the adult
flounder is 2 inches longer than the adult dab, we may provisionally
conclude that 5% inches is about the maximum length reached by a
dab in one year. Thus we see that the minimum size, compatible
with reproduction, may be reached or slightly surpassed at the end
of the first year, but it is certain that the great majority of dabs ab
one year old are below that size. And it is not certain that those
which are large enough to breed at the end of one year, do actually
breed then. On the other hand the great majority of even the
smallest ripe specimens are of a size that in all probability is not
reached by any individuals in less than two years.

If we examine the entries of specimens obtained from the
professional trawlers, we get some interesting results, In the first
place we find that the smallest specimens captured are about 44
inches long. The breadth corresponding to this length is little
over 1} inches. The meshes of the great beam-trawl, as used at
Plymouth, are 4 inches square at the mouth, diminishing to 1}
inches square at the cod end. Thus there is a close correspondence
between the size of the mesh at the cod end and the smallest fish
caught.

We may roughly estimate the growth of the dab in successive
years as follows :
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1st year . . 2 to 6 inches.
2nd ey EHbDSS e
Srcliis el L)
Maximum length 14

Distribution.—The above records show that although the young
dabs under one year old, and 6 inches in length, are common every-
where in shallow water, penetrating even to the estuaries such as
the Cattewater, where the greatest depths is only 3 fathoms,
they are also taken out near the Eddystone at a depth of about 30
fathoms. In the latter region I took two specimens *6 and *7 inches
long in July. These were taken in a shrimp trawl lined with
mosquito-netting, having a mesh of about } inch. The professional
trawlers do not, however, catch specimens of the first year, because
their mesh is too large. These conclusions as to the distribution
are in complete agreement with those of Dr. Fulton.

Pleuronectes microcephalus, the Lemon Sole, or Merry Sole.

. iy
'| Date. gt:;hme:uf” Ceil‘ft'iii'ﬂ;;‘ I‘fﬁ::"té;_m | Calcnlated age. Locality and remarks.
Nov. 4, 1890 4 15:5—17'5| 6'1—69 |l year 5 months|Firth of Forth; sent me
by Dr. Fulton.
Aug. 20, 1891 5 16:8—20°1| 6:6—7'9 1 year 4 months/4 or 5 miles 5. of Eddy-
stone, from professional
| trawler.
April 19, 1891 5 [163—236| 64—9-3 2 years Bast of Eddystone, profes-
sional trawler. All ripe
‘ males.

The above data are all I have hitherto been able to collect con-
cerning this species. The lemon sole spawns in May and June off
the Firth of Forth, and in April and May off Plymouth. It is
manifestly impossible that the young should reach a length of over
6 inches between May and November, since the adult lemon sole is
but little larger than the adult flounder, and its growth not likely to
be more rapid. Therefore the specimens taken in the Firth of Forth
in November, and at Plymouth in August, are probably in their
second year. As to the age of those taken in April, they might
have reached the size of 6 inches in a year, but could scarcely have
reached 9'3 inches in that time. If the lemon sole can become
mature in one year some of these may have been one year old, and
the larger ones two years.

It is noticeable that lemon soles only 6'4 inches long are
sexually mature at Plymouth, while the smallest observed by
Dr. Fulton to be ripe were 8% inches long.
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Hitherto, lemon soles, less than one year old, have not been
obtained by me either in shallow or in deep water. Dr. Fulton
obtained three specimens 2 inches in length in March and May, in
about 20 fathoms. This shows that the growth is not more rapid
than that of the flounder, since these specimens were ten to twelve
months old,

Solea vulgaris, the Sole.

|
Date of Number of | Lengthin | Length in

collection. specimens. | centimetres. inches. Calculated age. Locality and remarks.

May 15, 1889| 15 I 1:2—1'5 | 0:'5—0'6 | About 1 month Mavagissey Harbour, be-

tween tide-marks,
» 10, 1889 3 |16:8—195| 6:6—7"7 1 year Catte\fater, taken in shrimp
trawl.
L (e 176 ‘, 69 b Under Citadel, shrimp trawl
June 17, 1889 1 19:8 | 78 1 year and 2 orWhitsand Bay, 3 to 5
| 3 months fathoms.
July 27, 1889 4 |131—197 52—78 |1 year and 3 orMalpas, Falmouth River.
4 months
Sept. 19, 1890| 2 160, 16'2 | 63, 6'4 |1year and 6 mos. Cattewater, seine.
April 19,1891 1 240 95 2 years Large trawl, E. of Eddy-
stone.

Most of these data were given in my ““ Treatise on the Common
Sole,”” but I have slightly modified my interpretation of them. The
specimens taken in the Sound up to 19'7 cm. in length I formerly
considered to be two years old, but my observations on the flounder
in captivity show that some soles probably reach this length at the
beginning of their second year.

Solea lascaris, the French Sole, or Sand Sole.

|
Date of collec- | Numt fl L hin | Length i e
e don. " |specimens. |contimetres, | ménes, | Celculated age. Locality snd remarks. |
|
i |
Sept. 28, 1889 1 90 ‘ 35 4 months lWh1tsand Bay, about 5:
fathoms.
March, 1890 1 50 20 10 months |Off Falmouth, collected b)r
| Mr. Vallentin.
June 17, 1889 3 |172—192 68—76 1 year Whitsand Bay, 5 to 7

‘ ! fathoms.

This species is not common, and it is therefore difficult to get
more than an occasional specimen; the size of the adult is about
the same as that of the common sole,and the above estimated ages
are based on comparison with that of my captive flounders.
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Solea lutea, the Little Sole.

coIl)lnet:t.igfL S;‘;:likfgugf c:I;:?iE:Et;Ea. L;.nc te]:‘lm Calculated age. Locality and remarks.
June 25, 1890 1 5 2 1 year Cawsand Bay, 3 to 5 fath-
| oms, shrimp trawl.
Sept. 21, 1891 i 7'4—85 | 29—3'4 |1 year 3 months Cawsand Bay,shrimp trawl.
» 8,1801 1 115 45 2 years 3 months|S.W. of Rame Head, 20
fathoms.
S TRDT 2 10'8,11'6| 48, 45 o 5 »
Nov. 26, 1889 1 119 47  |2years 5 months|Cawsand Bay,

According to Dr. Fulton, this species spawns when it is 8% inches
long, a length which seems to me to be reached at the end of two years.
The fish rarely exceeds 5 inches in length, and specimens nearly as
large as this occur occasionally in the shallow water of Cawsand
Bay. But the adults are more commonly found farther from shore
at depths up to 80 fathoms.

Solea wvariegata, the Thickback.

wﬂiﬁi‘;; N;gﬁ:;f; “Iﬁli?silt::s_ Lie;\: :Ea.m Calculated age. Locality and remarks.

July 9,1891 2 45, 4'6 18 3 months |2 miles N. of Eddystone.
Trawl of mosquito-net-
ting.

Sept. 8, 1891 1 12-7 5 1 year and (Off Whitsand Bay, 20

; 5 months | fathoms.
Deec. 9, 1889 1 10°1 4 1 year and |Near Eddystone, from
8 months trawler.
Aug. 20, 1891 2 | 14'5,152| 57, 63 2 years and |5 miles S. of Eddystone,
[ 4 months from trawler.
1

As this is a small species the maximum length observed by me
being 21.5 cm., or 8% inches, its growth is probably proportional ;
the spawning takes place in April and May. It will be observed
that the only specimens under 2 inches long were obtained in deep
water six miles from land.

I will take this opportunity of recording some observations I
made on the relations of the sexes to one another in size and
number in this species. On April 19th, 1889, on board a Plymouth
trawling smack, I examined a large number of thickbacks taken in
two or three hauls of the trawl. The result was as follows :

Number of males 34.—Largest measured 19-2 cm. long, Middle-
sized specimen 17'0 cm.
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Number of females 179.—Largest measured 21'5 cm. long.
Middle-sized specimen 19'3 cm.

Thus the females in this species are both larger and more
numerous than the males, as was found to be the case by Dr. Fulton
in many other species of flat fishes. The proportion between the
sexes is 526 females to 100 males, or one male to five females
nearly. The ratio of females to males is even higher than this, accord-
ing to Dr. Fulton, in the long rough dab, Hippoglossoides limandoides.

Rhombus mazimus, the Turbot.

Date of Number 0f| Length in

collection. Epecimens.! centimetres. L]_e; t‘I:;u Calculated age. Locality and remarks,
! [
Aug., year ? 6 | 24—38  '95—1-5 | About 1 month |Collected at surface in
Mevagissey Harbour by
| Mr. Dunn.
Aug. 11, 1888 L] 37 145 + At surface in Plymouth
Sound.
Sept. 1, 1891 3 1'56—2 | '6—8 | About 3 weeks [Surface at wharf, Catte-
| | water.
Sept. 4, 1891 9 1'5—25 | 6—10 3 weeks to  |Surface at West Hoe Pier,
[ 1 month Plymouth Sound.
Sept. 8, 1891; 1 25 10 About 1 month [Tow-net surface, S.W. of
| Mewstone, about 4 miles|
from Plymouth Break-
| water,
June 17, 1889 3 23—34 9—12 11 months |Whitsand Bay, 3 to B
fathoms.

It will be seen from the above that the young turbot in process
of metamorphosis, and swimming horizontally at the surface, occur
at Plymounth and the neighbourhood in August and the beginning of
September, while the brill at the same stage occur in May and June.
It is thus evident that the turbot spawns later than the brill. I
have estimated the age of these specimens about an inch long at
one month, though they may be a little more. The spawning period,
therefore, oceurs in June and July. Wenckebach, in Holland, found
turbot ripe in July.

I have no stages between the pelagic stage just mentioned and
the small turbot, of 9 to 12 inches, obtained in Whitsand Bay in
June, 1889. This year, although I have several times trawled in
Whitsand Bay, I have obtained no specimens of this species. At
present I see no reason to suppose that the specimens of 9 to 12
inches were more than one year old; it is certain that they were
not less, as the spawning takes place in June and July. The
largest turbot recorded by Dr. Fulton was 28 inches long, and the
smallest mature was 18 inches long. It is probable that a turbot
2 feet in length is at least four years old.
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Rhombus levis, the Brill.

|
Date of | Number of | Length in | Length in

collection.  |specimens. | centimetres. inches.

June 4, 1889 1 2:5 10 | About 1 month Surface off Lambhay Point,
| at entrance of Cattewater.
May 21, 1890 20 2-2—25 | "856—1'0 3wks.tol month Sutton Pool, Plymouth.

Calculated age. Locality and remarks.

June 11, 1890 14 5 2 5 Ditto.
Sept. 30, 1890 i 185 7'2 |1 year 4 months Seine at Cremyll, Plymouth
| Sound.

Specimens reared in the Agquarium.

May 21, 1890| TR RIS P 188
Juge 17, 1890, } 34 | 2:2—25 | -85—1'0 |3 wks.to1 month
Oct. 4, 1890 10 ] 188 345 6 months
, 18,1890 4 |70—98 | 2839 >
April 3, 1891| 2 8'4—8'8 | 3'3—3'7 | 11—12 months

The young brill occur floating at the surface in May and June,
at which stage they are in process of metamorphosis, swimming in
a slanting or horizontal position, and provided with a large air
bladder. They cannot well be less than three weeks old at this
stage, and the eggs must, therefore, be shed in April and May.
Raftaele believes that at Naples the eggs are shed in February and
March, and one would naturally expect the spawning period to be
earlier in the Mediterranean.

According to the results observed in the specimens reared in
captivity, the growth would seem to be very slow, not exceeding
4 inches in twelve months; but it will be seen from the table

_that this length was almost reached in six months, so that scarcely
any increase in size took place after the first six months. It is
probable, therefore, that the growth of my captive specimens was
abnormally checked. In nature, these fish feed chiefly on living
fish of other species, and I was unable to provide such food for my
captive specimens, but fed them on marine worms. On the other
hand, I think it unlikely that the specimen obtained in the sea
September 30th, 1890, could have reached its length of 7-2 inches
in five months, and, therefore, I have considered it to be more than
one year old. The adult brill is from 18 inches to 2 feet long,
the latter being the maximum length observed. If 7 to 8 inches
is the average growth in one year, the growth of the brill would
appear to be slower in proportion to its size than that of the flounder,
and it would probably take four years to reach a length of 18 inches.
Additional data are needed, but I have found it difficult to find
specimens of two to twelve months old in the sea. The species is
much less common than the plaice, flounder, or dab, and even the
adults are only taken sparingly by the professional trawlers.
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Amoglossus. laterna, the Scald-back,

colostion. | spocimons. |crnitastres.| sagues.” | Caleulated age. Loclity and remarks.

Oct. 3,1889 2 2:8—34 | 1'1—1'4 | 4 or 5 months |Cawsand Bay, shrimp
trawl.

Feb. 9,1888 11 45—63 | 1'8—2'5 | 8 or 9 months [Cawsand Bay, 38 to 5
fathoms.

May 8, 1889 1 47 19 11 months |Cawsand Bay.

Feb. 9, 1888 5 |93—11'5| 37—4'4 | 1yearand |Cawsand Bay.

8 months
Sept. 4, 1890 8 8:5—12 | 3'4—d-7 1 yearand |W. of Rame Head, 20
3 months fathoms.

Sept. 3,1891 19 8-8—13-2| 8:5—52 ,, 3 miles N. of Eddystone,
25 to 30 fathoms.

o 35 8-8—13'8| 3:56—54 5 Off Plymouth Sound, 20
fathoms.

Sept. 8,1891] 77 78—12:6| 31—5 o Off Mewstone and Whit-
sand Bay, 23 to 2%
fathoms.

Sept.12, 1891 13 8—12 |3'156—47 . 8 to 10 miles S. of Eddy-
stone, 36 to 38 fathoms.

Dec., 1889 43 |14°7—204| 5-8—8 | Over 2 years, (10 to 20 miles from shore

adult and off Plymouth, from pro-
J sexually mature| fessional trawler.

I do not know exactly the spawning period of this species, but
believe it occurs in summer, in May and June; the ages in the
above table have been reckoned from June. I have only obtained
the very small specimens, less than one year old, in Cawsand Bay,
at 3 to 5 fathoms depth, in the small shrimp trawl. In September
of the current year I obtained large numbers of the species,
7 to 14 cm. long, in an otter trawl, both inside and outside the
Eddystone, at depths varying from 20 to 38 fathoms. I think itis
impossible that these should be derived from this year’s spawning,
since small specimens, less than 4 cm. long, and evidently a few
months old, were taken in Cawsand Bay in October. It follows, there-
fore, that the specimens taken in September, 7 to 14 cm. long, are in
their second year. The adult condition in this species is distinctly
marked in the male sex by the sudden elongation of the anterior
dorsal fin-rays which occurs when sexual maturity is reached, and
which I have observed only in specimens over 14 cm. in length.
The largest specimens I have seen were 20°4 cm. long. I have only
obtained the adults from the deep sea trawlers, and they were taken
at some distance from the coast. There seems, therefore, to be a
regular distribution of the different stages, those of the first year
occurring in shallow sandy bays, of 3 to 5 fathoms in depth ; those of
the second year occurring from shallow water to a depth of 36
fathoms, but being especially abundant between 20 and 30 fathoms ;
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while the adults occur principally beyond the 30 fathoms line. The
adult condition and sexual maturity is not reached till the end of the
second year,

Gadus merlangus, the Whiting.

r |
Date of Number of| Lengthin | Lengthin | .
collection. | specimens, | centimetres.| inches. | Calculated age. Locality and remarks.

June 13, 1889 2 BT 22 8 or 4 months |Whitsand Bay, 3 to 5 fath-
| oms ; small meshed trawl.
July 16, 1891 13 54—9'0 | 2:11—3'5 | 4 or 5 months (2 miles S. of Eddystone;
| large tow net, 8 feet by
! 6 ft. at mouth; 11 speci-
| mens at 15 fathoms from
| surface, 2 at 6 fathoms.
These were all the whiting
caunght.

The second entry shows that the young whiting, from eggs
spawned the previous spring, occur not only in shallow bays close to
the bottom, but also at some distance from land in mid-water. The
whiting at Plymouth spawns in February and March. I think there
can be no doubt that these whiting were under six months old, and
were hatched in the previous March, and that they were not in their
second year. Dr. Fulton describes the occurrence of a great shoal
of young whitings, from 2 to 5 inches in length, in September ; these
young fish were so numerous that over 3000 were taken at a single
haul of an 18 foot beam-trawl. Dr. Fulton seems unable to account
for the origin of this shoal, apparently rejecting the obvious idea
that the fish comprising it were hatched the previous spring. He
says the whiting spawns in March, April, May, and June, and that
a pelagic specimen, 1 inch long, has been captured by the tow-net
in September, by Prof. McIntosh. Now, according to my own
experience, the whiting spawns in the Firth of Forth and neighbour-
ing sea, principally in April, and young fish hatched in April cannot
be only 1 inch long in September, when five months old. I think
the various observations I have here brought together with regard
to other species show, conclusively, that the whiting mentioned by
Dr. Fulton, from 2 to 5 inches in length in September, were hatched
in the preceding April and May.
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Gadus pollachius, the Pollack.

Dateof  |Number of | Tengthin | Lengthin | | :
collection, | specimens, | centimetres. | inches. Calculated age. Locality and remarks.

Apr, 3, 1890 22 2—24 | '8—95 | 3 to6 weeks |Taken with hand-net in|
Mevagissey Harbour.
Oct. 2, 1890 10 97—112| 3:8—44 7 months  |Taken in cheesecloth trawl,
Cawsand Bay, 3 to B
| fathoms,

Dee. 4, 1889 4 198—118| 37—47 9 months  [Taken from the dry dock
at Millbay when the dock
was emptied.

I have not myself made any observations on the spawning of the
pollack, but there can be no doubt that it spawns early in the year,
in February and March. It may also be assumed that the ova are
pelagic and buoyant. The few data given in the table are not
sufficient to show the rate of growth with certainty, but I think they
may be trusted as far as they go. It may be inferred that 7 inches
is about the maximum growth for one year. The pollack caught
in Plymouth Sound in June and July are 12 to 15 inches in length.
These are, I believe, over two years old. The fish grows to more
than 2 feet in length. I have no evidence to show whether it
begins to breed when only one year old or not. The pollack is a
coast fish, and its young seem always to be found in shallow water,
in bays and inlets, and in the neighbourhood of rocks and piers.
It is seldom, though occasionally, taken in the trawl, as it feeds
mostly in mid-water, not on the bottom, and usually occurs in the
neighbourhood of rocks and weeds.

Gadus luscus, the Pout or Bib.

Date of Number of| Length in = Length in i
collection.  |specimens. | centimetres.|  inches. Calculated Bge; Tioeality and remarks,

[
June 17, 1889 11 64—T7 | 2:5—30 3 months Whitsand Bay, 3 to 5 fath-
| oms; small-meshed trawl

i at night.
Sept. 5, 1890 i 11-7 | 46 6 months |Cawsand Bay; shrimp
: [ trawl.
Oct. 2, 1890 2 [107—130 42—5'1 7 months  |Ditto.

June 17, 1889 1 125 49 |1 year 2 months|Whitsand Bay; small-

E meshed trawl.

This species grows to about 1 foot in length, and we may judge
from the last entry in the table that its size at the end of the first
year is 5 to 6 inches. In June it is 2 to 3 inches in length, and at

.
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this stage I have taken i, though sparingly, in shallow water in
Whitsand Bay. Specimens in their second summer, just over one
year old, are abundant in June and July in Plymouth Sound and
elsewhere along the coast in shallow water, and are taken in
numbers by hook and line. Specimens of the same age and about
6 inches long are also taken by the deep-sea trawlers in depths up
to 30 fathoms, I have as yet, however, made only the above
records,

Gadus minutus, the Poor Cod.

Date of Number of| Lengthin | Lengthin

collection, specimens, | centimetres. |  inches. Calenlated age. Locality and remarks.

May 28, 1890, 12 2'8—4'3 | 1'1—1'7 | 8—12 weeks |Shrimp trawl, in Catwater.
June 17,1889, 218 4:2—72 | 1'6—2'9 [About 3 monthsSmall-meshed trawl, in
Whitsand Bay, 5 to 7
fathoms, at night.

July 9, 1891 6 |11'5—16:2 4:5—64 |1 year 3 monthsTaken in shrimp trawl, 2
miles north of Eddystone,
| 27 fathoms.

April 19, 1891 7 |14:3—190 56—75 2 years The smallest specimens
taken by a professional
trawler to the east of Ed-
dystone, 30 fathoms.
June 17, 1889 2 13'7—15'0I 5'4—5'8 (1 year 2 months }Small meshed trawl,

Whitsand Bay, 5 to 7
fathoms, at night.

1 20°0 ‘ 78 '[2 years 2 months

The observations on this species are very inadequate, but they
supply some definite facts. The occurrence of more than two
hundred specimens less than 3 inches long in Whitsand Bay,
undoubtedly from ova shed the preceding spring, shows that the
young frequent shallow water and sandy ground. It is also clear
that the specimens, 45 to 6'4 inches, obtained on July 9th, near the
Eddystone, were in their second year. I have not ascertained at
what size the species begins to breed. But specimens of 4 to 6
inches, and just over a year old, were caught in the Sound and
placed in our tanks in the summer of 1889, and were breeding
there in March, 1890. I am pretty sure this was their first time of
breeding. I am not quite sure as to the size attained in two years,
but as the rate of growth in length decreases gradually, I think
those of April 19th, 1891, in the table, must have been two years
old. The poor cod never exceeds 9 inches in length.
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Zeus faber, the Dory.
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th i i :
collotion, | speoimens. cemtisatres.| raghcs, | Onloulated age. Locality and rematks.
Oct. 3, 1889 43 17 |About 3 months/Cawsand Bay, 3 to 5
fathoms; shrimp trawl,
June 3, 1889 3 |126—141 49—55 11 months |3 miles from Rame Head,
20 fathoms ; small-meshed)
trawl,
Aug. 20, 1891 7 |13'6—156] 58—6'1 1 year and |5 miles 8. of Eddystone;
1 month professional trawler.
Sept. 8, 1891 2 172,17'5| 68, 69 1 year and |Whitsand Bay, b fathoms;
2 months otter trawl,
- 4! 16'6 65 5 S.W. of Rame Head, 20
fathoms ; otter trawl.
Sept. 18, 1891 5 14—18'5 | 5'5—T73 - 5 to 8 miles S, of Eddystone;
professional trawler,
Apr, 21,1891 1 245 96 1 year and |[S.E. of Eddystone, 35
10 months fathoms ;  professional
trawler.
Sept. 3, 1891 1 282 11-1 2 years and (8. of Rame Head, 25
2 months fathoms; otter trawl.

Although the above table includes but a small number of speci-
mens, I believe that it represents with considerable certainty the

growth of the dory.

I do not know exactly when the dory spawns,

but I have examined the adults in spring and found the ovaries
ripening, and in autumn have found them shotten, so that I conclude

the spawning takes place about June and July.

reckoned the ages from July.

the preceding summer.

In the table I have

It will be seen that specimens
from 5 to a little over 7 inches in length are fairly common in
August and September, and since young specimens of 1 to 2 inches
in length occur in autumn, it is evident that the former are just
over one year old, while the latter are derived from eggs shed in

The last specimen in the table is, I think,

too large to be only one year old, and I therefore judge it to be in

its third year.

The largest dory mentioned by Day was 22} inches
long, but the usual size is from 15 to 18 inches, which is probably
not reached in less than three years.

Motella mustela, the Five-bearded Rockling.

In this Journal, vol. i, p. 372, I mentioned some specimens of

this species kept in the Aquarium from May to August, 1890.

All

except one of these were placed in a large tank and have not been
seen again, but the remaining specimen was measured alive on
May 19th, 1891, when just over a year old, and found to be 13'0
em., or 51 inches long. Measured again on September 21st, it
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was exactly the same length. In the tank with it were several
vigorous flounders, and probably this was the reason that it had not
grown, the flounders having seized all the food put in the tank.
But numbers of this species, 5 to 7 inches in length, occur under
rocks, between tide-marks, in summer, which are obviously at the
commencement of their second year. This species reaches 18 in.
in length, and does not change colour when adult. My young
specimen, like the adult, is a dark rich brown on the sides, black on
the back, white on the ventral surface.

Motella tricirrata, the Three-bearded Rockling.

On June 20th of the present year I went out for a fishing trip in
a mackerel boat, and when we got as far as the Mewstone it fell
dead calm, and remained so for some hours. The surface of the
sea was covered with great quantities of Noctiluca miliaris, here and
there collected in patches and streaks into a thick scum of a salmon-
pink colour. Darting about at the surface were numerous small
active fishes, of which I secured a great number, and found on ex-
amining them ashore that they were the young of Moiella tricirrata,
the three-bearded rockling. These young fish were swimming at
the very surface of the water, causing it to ripple by their motion.
Fishermen at Plymouth call all such young fish “britt,”” not distin-
guishing one species from another. The older naturalists described
this young form as a distinct species, and Couch calls it the mack-
erel-midge. :

Among my specimens there are three stages to be distingnished,
which pass gradually into one another. The oldest stage is from
2'5 to 32 em. long (1 to 13 inch), and is closely similar to the
adult, except that the sides are brilliantly silvery, which is not the
case in the adult. In this stage the fins are all similar to those of
the adult, the pelvic reaching only half way to the anus. The
youngest stage is under 1 cm. in length, and the skin is almost
transparent, the silvery opacity commencing to develop in the
largest specimens. There are pigment cells, especially on the back.
The fin-rays have only recently begun to develop and are not com-
plete at their distal ends ; the anterior dorsal fin is not visible, but
the principal peculiarity is the pelvic fins, which are comparatively
long, extending beyond the anus, and having a dense black colour
over their outer halves. The second stage is intermediate between
these in all respects : it is from 1 to 25 cm. in length, and in the
different specimens in this stage can be traced the development of
the silvery layer in the skin, and of the anterior dorsal fin, and the
gradual reduction of the pelvic fin. A specimen of the young
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Motella in the second of the stages above mentioned, is described
and figured in my paper in this Journal, vol. i, p. 47.

Carane trachurus—the Sead, or Horse-mackerel.

This is a pelagic species frequently taken in mackerel nets. Its
young are also pelagic, and I have taken them in the tow-net in
August and September. In August, 1888, one 54 cm. (21 inches)
was taken three or four miles off Loae. On September 8th this
year I took two, 24 and 35 cm. long, to the south-west of the
Mewstone ; and on September 12th, one 2'5 cm. long, about five
miles south of the Mewstone.

Comparisons and Conclusions.

1. Flat fishes.—If we consider first the species of the genus
Pleuronectes alone we find some curious and interesting differences.
We find that the flounder and plaice when immature, that is under
7 and 9 inches respectively in length, and less than two years old,
are almost entirely absent beyond the 20 fathom line. The young
of these two species are abundant in the estuaries of Cattewater
and the Hamoaze. In June, 1889, I found plaice 1 to 3 inches
long, spawned the previous spring, in abundance in Whitsand Bay,
which is not an inlet, but a bay open to the sea ; but during the pre-
sent summer, I have trawled there several times in July and
September and found no young plaice at all. On the other hand,
the dab (PI. limanda), even under one inch in length and only three
months old, occurs, though not abundantly, near the 30 fathom line,
a little inside the Hddystone. It is much more abundant at this
age in Cawsand and Whitsand Bays, at depths of 3 to 7 fathoms.
Up to 5 inches in length it is common in the Cattewater, where
also larger specimens are not uncommon. The trawlers working off
Plymouth between 20 and 40 fathoms bring up numbers of small
flat fishes, but, with very few exceptions, these are all dabs or scald-
backs, Arnoglossus laterna. The smallest dabs I have obtained from
the trawlers were 44 inches long, a length which may be reached
by some individuals at one year of age. Thus, although specimens
of less size and age than this are not uncommon at depths of 10 to
30 or 40 fathoms, the great beam trawl does not catch them because
its meshes are too large. I have mot kept records of the small
scald-backs brought up by the great beam trawl, though when study-
ing other subjects on board trawlers I have seen numbers of them
brought up. During the present summer, however, when fishing
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with an otter-trawl myself, on purpose to obtain young fish, I have
obtained large numbers of this species from 8 to 5 inches in length.
I find that specimens of this size are between one and two years in
age, are not sexually mature, and are distributed at all depths from
8 to 40 fathoms.

Pleuronectes microcephalus, the merry-sole, is the only other
species of the genus usually met with near Plymouth. There is
no doubt that the young, under 6 inches long, and less than one year
old, are entirely absent from shallow water, under 10 fathoms, and
from inlets and estuaries. No destruction of the young of this
species can be effected by shrimp, or seine, or bag-net fishing in
territorial waters. As far as my observations go, the professional
deep-sea trawler does not capture the young of this species under
6 inches, but on this point I have collected very few data up to the
present time. It is, however, certain that the species belongs to
rather deep water ; it is scarce at less than 30 fathoms, and abun-
dant at greater depths. I have not yet obtained any specimens
under 6 inches long, but Dr. Fulton obtained three specimens, 2
inches long, at about 20 fathoms. I have not met with any such
specimens in my numerous hauls with small-meshed trawls this
summer inside the Eddystone. I am inclined to think that most of
the young of this species, when they go to the bottom, remain in
deep water beyond the 30 fathom line.

I have not yet found young soles between 1 inch and 6 inches in
length, although I have specially searched for them at various depths
up to 35 fathoms. My evidence concerning this species is similar
to that concerning the brill and turbot ; in all three cases I have
found the very young forms only a few weeks old close to the shore
in harbours and inlets, and have taken other specimens much larger
and about one year old in territorial waters within the 10 fathom
line.

With regard to the age of sexual maturity, I have proved that
a large number of individuals do not reach the minimum size of
mature specimens at the end of one year, and that it is quite
probable that all flat fishes normally breed for the first time when
two years old.

2. Other species.=~It will be seen that the young of all the species
of Gadus mentioned above, namely the whiting, pollack, pout, and
poor-cod, for the first six months of their existence are found close
to the shore, the fry of the pollack and poor-cod seeking harbours
and estuaries, and being seen in numbers swimming about near
piers and wharves. When about one year old, these kinds of fish
are found in abundance at depths of 5 to 80 or more fathoms.
The pollack haunts rocky shores all its life, and only very large
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specimens, 12 inches to 2 feet long, are occasionally taken in the
great trawls, but of the other species many one-year-old individuals
are destroyed by them. It is remarkable also how commonly one-
year-old dorys are taken in the deep-sea trawls.

Practical Considerations.

A great deal of work remains to be done before we obtain an
adequate knowledge of the life-histories of our valuable sea fishes.
I hope to continue my own observations in various directions, and in
future to add largely to the data recorded above. But in the mean-
time the question of the harm done to our sea fisheries by the de-
struction of under-sized or immature fish is constantly being
agitated, and cannot be too carefully considered. Our national
statistics show that our best sea fish are getting scarcer. It seems
at first sight the irony of fate that the finest fish such as sole,
turbot, brill, and dory should be scarce, while inferior kinds such
as dabs are plentiful, and worthless kinds such as scald-fish and dog-
fish are still more abundant. The case of the sole is difficult to
explain. It feeds on worms chiefly as do the plaice and flounder,
yet it is by no means so plentiful as the plaice. One might be
tempted to maintain that the sole is really no better intrinsically
than the plaice, but only valued more because it is dearer. But a
moment’s consideration of the difference between the flesh of the
two is enough to dispel such an idea. In the case of the turbot, brill,
and dory, however, there is a reason why they are relatively scarce.
These fishes, compared with many other kinds, are as the Carnivora
to the Herbivora on land. They feed exclusively on other fishes.
They are fishes of prey, and must, therefore, as in the case of other
Carnivora, exist in smaller numbers than the fish they prey upon.
Perhaps some day we shall also be able to understand why the sole
is less abundant than the plaice.

But the practical question is how to prevent the decrease in the
supply of fishes whatever their natural numerical proportions to one
another, and one obvious precaution is to prevent as far as possible
the destruction of the young. I will, therefore, here indicate the
bearings which my observations at Plymouth have upon this practical
question. Dr. Fulton, throughout the whole of his inquiry, has
interpreted the term immature fish as meaning a fish not yet capable
of reproduction. The fishermen of the east coast, who have been so
strongly moved on the subject of immature fish, knew nothing and
cared nothing abouat the size at which a fish of a certain kind began
to breed. What they were thinking of was the fact that if all the
small fish were caught there were none left to grow large, and con-
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sequently, as the large fish were more valuable per pound, their work
became less remunerative. Dr. Fulton evidently thinks that a fish
ought not to be destroyed before it has spawned at least once, and
that if it is sexually mature there can be no harm in capturing it.
Thus he would only preserve lemon soles (PI. microcephalus) up to
8 inches, while the fishermen wanted to place the limit at 12 inches.
Theoretically I am more in agreement with the fishermen on this
point than with Dr. Fulton. It seems to me that the mere fact
that a fish at a certain small size is capable of breeding, is not a
reason for capturing it if its full-grown size is very much larger.
Salmon parr in our rivers are sexually mature, at least the males
are when only a few inches long, but their capture is prohibited
nevertheless. If it were possible to limit the capture of each sea
fish to those above a certain size, I think the limit should be deter-
mined by the size of the full-grown fish, and not by the size at
which it begins to breed. At the same time the limit should not be
fixed below the minimum size of sexually mature individuals.

However, it is not possible to fix a different limit of size for each
species of fish captured by the deep-sea trawlers. The only differ-
ences in the smallest sizes caught with a given mesh will be due
either to differences in the distribution of the young of the several
species, or to differences in the shape of the fish. Thus a sole,
10 inches long, could escape through a mesh say 3 inches square,
while a turbot, brill, or dory of the same length could not, because
the latter three fish are so much broader than a sole in proportion
to their length. All that is practically feasible in the case of the
deep-sea trawl is to increase the size of the mesh so as to allow
more small fish of whatever kind to escape.

The destruction of under-gsized fish in the neighbourhood of
Plymouth may be described under two heads : (1), that which is due
to the deep-sea trawlers; (2), that which is due to inshore fishing.
The deep-sea trawlers capture large mumbers of under-sized soles,
lemon-soles, dorys, dabs, pout, whiting, and gurnard. The dabs are,
perhaps, of no great importance, but the young pout and poor-cod
(G. luscus and G. minutus) form an important part of the food of
the turbot, as I know from examination of the stomachs of the latter.
None of these young fish are of much value in the market. Some of
them are sold separately, and the proceeds are by custom allowed
to the crew as perquisites. If the mesh of the trawl were en-
larged these small fish would not be caught. The mesh at the
cod-end is now 1} inches square, and at the mouth, 4 inches. I
believe that the mesh ought to be not less than 3 inches square at
the cod-end, and I think that this change would have the additional
advantage of allowing much of the useless material known here as
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““ seruff >’ to escape. However, together with the scruff, on certain
grounds large quantities of so-called queens (Pecten opercularis) are
taken, and these are eaten to a considerable extent by the poorer
people. These would probably not be caught by a 3-inch mesh, and
their loss would have to be considered. I do not believe that it
would be of much use to return to the sea the under-sized fish
taken in the deep-sea trawl, leaving the mesh unaltered. It is true
that most of the small fish are alive when brought on deck; they
flap about and move when touched, but by the pressure of the great
mass that the trawl contains, the violent concussions of this mass
against the sides and bulwarks of the vessel, the sudden fall of the
mass on deck when the end of the trawl is opened, and the tramp-
ling of the heavy boots of the crew as they handle the gear, the
majority of the small fish are so much injured, especially in rough
weather, that a great many of them would die sooner or later if
thrown overboard.

The inshore fishing which destroys young fish consists principally
of shrimp-trawling, fishing with small fish-trawls, and ground-sein-
ing. The shrimp trawls in Plymouth Sound take numerous small
soles which ought not to be taken. This would be prevented if it
were made illegal to keep them, because these fish are not in the
least injured when brought up in the trawl. The ground-seines
destroy large numbers of small plaice and flounders in the Cattewater
and Hamoaze, but I have been informed by Mr. Henry Clark, who
holds exclusive fishing rights in the upper part of the Cattewater,
that fish of all kinds have grown very scarce there in recent years,
probably, in his opinion, in consequence of the pollution of the estu-
ary by manure and china-clay refuse. The ground-seines are used
chiefly for the purpose of catching mullet and bass, and there
would be no difficulty in compelling the fishermen who use them to
return small flat fishes to the water, for these fishes are not injured
in the process of capture by this method. The small fish trawls
are worked by small sailing-boats in Whitsand Bay and Bigbury
Bay. Their most valuable produce consists of small turbot and
brill, and they take more under-sized fish of all kinds in proportion
to the total catch than the deep-sea trawls. I think this kind of
fishing should be prohibited altogether, at least in certain areas.
The inshore bays should be strictly preserved as nurseries for young
plaice, dorys, turbot, and other fish, which are at present captured
in them. The Cornwall County Council has passed a bye-law pro-
hibiting steam trawling in territorial waters within its district. It
seems to me that this is a perfectly justifiable measure in relation
to what it does, but not in relation to what it leaves undone. Small
steamers, and tugs at times, when they are not employed in their
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proper work, are on many parts of the coast used for trawling in
bays and inshore waters, and are very destructive on account of
the ease with which they are handled. It isa good thing, therefore,
that this kind of fishing should be prohibited, but it is inconsistent
and unreasonable to allow sailing boats to do that which steamers

are prohibited from doing.
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On some Ascidians from the Isle of Wight:

A Stupy IN VARIATION AND NOMENCLATURE.

By

Walter Garstang. M.A.,
Berkeley Fellow of the Owens College, Manchester.

With Plates VI and VII.

ArrroveH the Isle of Wight has been a favourite haunt of the
geologist and the paleontologist, references to its present marine
fauna are exceedingly rare in zoological literature. Early in May
of the present year, however, I had an opportunity, at the sugges-
tion and through the kind hospitality of my friend Mr. Poulton, of
examining the littoral fauna of the eastern shores of the island,
and of making a considerable collection of zoological specimens.
A list of the species which I obtained will be published as soon as
I have had time to complete the examination of them ; but several
of the Ascidians throw so much light upon the brief and obscure de-
scriptions of certain species, that I believe it will be serviceable to
give a full account of them without further delay, especially since
the pressure of other work may prevent an early appearance of the
complete list.

i

Ascidia mollis, Alder and Hancock.
AS0IDIA MOLLIS, Hancock. Ann. Mag. Nat, Hist. (iv), vol. vi, 1870, pp. 358, 359.

I found eleven individuals of this species attached to rocks in the
Zostera bed off Nodes Point, St. Helen’s, at extreme low water,
May 7th.

The short account of A. mollis given by Hancock is admirable
as regards the description of the external features, but is insufficient
in some points of internal structure. I am glad, therefore, to have
an opportunity of re-describing this Ascidian. It appears to be a
comparatively rare species, and I am not aware that it has been
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hitherto recorded from any other locality than the coastof Connemara,
in the West of Ireland.

The body is ovate in form, thick, lobate, attached generally by
the posterior half, sometimes by a larger area of the left side.
When living, it is invariably of a rosy-flesh colour ; and this colour,
upon close examination, is seen to be due to a number of crimson
dots (the culs-de-sac of the test-vessels) profusely scattered in the
substance of the test.

The dimensions of the largest individual (Pl. VI, fig. 1) are
as follows :

Maximum length (antero-posterior) ] . . 14 inch
> breadth (dorso-ventral) : : 2
3 thickness (right to left) ; 3

The oral and cloacal apertures are on the right mde of the body ;
the oral is sub-terminal, the cloacal half-way down and near the
dorsal edge ; both are small and inconspicuous. The position of
the cloacal aperture varies very little in these specimens; in a few
it is slightly posterior to the middle dorso-ventral line, but never so
much so as to be two-thirds of the way down. No ocelli were
observed around the apertures.

The test is, in Hancock’s words, * firm, thick, semi-transparent,
smooth and soft to the touch, rather shining, obtusely lobed, of a
rosy flesh-colour, showing minute punctures and veinings of crimson.”
In its thick, smooth, firm, and shining character, the test of this
species resembles that of Phallusia mammillata, a resemblance
further borne out by the lobes of its surface, although these are
much flatter and less protuberant in Ascidia mollis, than in the latter
species. In its softness, however, the test of this species is very
unlike that of P. mammaillata.

Hancock states that the © terminal extremities ”” of the blood-
vessels of the test are “ more inflated and globular in this than in
any other species.” I have a distinct recollection of their pyriform
character in the living animal, but their appearance in specimens
after preservation in alcohol is very different ; and they are seen to
be elongated and finger-shaped, rather than inflated and globular
(PL. VI, fig. 2).

When the test has been removed from the rest of the body, the
oral and cloacal siphons are seen to be short (Pl. VI, fig. 3).
The musculature is, as usual, almost confined to the right side of
the body ; the fibres are long and delicate. Round each of the
siphons a number of delicate fibres form a complete sphincter.

On the left side, the course of the intestine is visible through
the body-wall. The stomach is rounded in form and is situated at
some little distance (about one-fifth of the total body-length) from



SOME ASCIDIANS FROM THE ISLE OF WIGHT. 121

the posterior end of the body. The intestine iz narrow and uniform ;
its first bend is well in front of the cloacal siphon, its anterior wall
being on a level with the ganglion ; the second bend of the intes-
tine is behind the cloacal siphon, its posterior wall being on a level
with the opening of the cesophagus into the pharynx; the rectum
is directed obliquely forwards towards the cloaca.

Upon opening the pharynx from end to end, along the line of
the endostyle, the remaining structures can be examined.

The coronal tentacles are forty or more in number. In an indi-
vidual possessing forty tentacles, they were of three sizes and
regularly arranged—ten long and slender primaries, ten inter-
mediate secondaries, and twenty short tertiaries.

The prabranchial zone is studded with microscopic papille.

The aperture of the dorsal tubercle is crescentic in the smaller
specimens, horse-shoe shaped in the individual represented in fig. 1,
the horns not being incurved.

An epipharyngeal groove extends along one-third of the distance
between the dorsal tubercle and the ganglion, which is situated
half-way between the mouth and the cloacal aperture. The ganglion
is small, three times as long as broad, and extends over three of
the meshes of the pharyngeal wall, beginning at the fourteenth
horizontal bar. The epipharyngeal groove becomes elevated towards
it posterior end, and behind it commences the dorsal lamina, which
is very marrow, strongly ribbed transversely, and pectinated at its
margin. The ribs and teeth of the lamina correspond in number
with the horizontal bars of the pharyngeal wall. Occasionally there
are minute projections from the edge of the lamina which alternate
with the teeth in position. The concave side of the lamina shows a
series of weak ridges running towards its edge very obliquely from
before backwards.

Branchial apparatus.—A portion of the inner face of the pharyn-
geal wall is shown on Pl VI, fig. 4. The horizontal vessels form
three complete series and a rudimentary growth. The primary
vessels (h.wv. 1), which give off branches* to the body-walls, are
usually of greater diameter than those of the remaining series.
Between each pair of primaries are situated one secondary vessel
(h. v. 2), and two tertiary vessels (k. v. 3), at approximately equal
distances.

Connecting ducts (e. d.) arise from all these vessels and support
delicate internal longitudinal bars (%. I. b.) which are surmounted at
the points of junction by moderately stout conical papillee (p.) and
at intermediate points by comparatively slender ones (i. p.). The

# The origin of these branches—the dermato-branchial connectives—is marked in some
specimens by white spots upon the primary horizontal bars.
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connecting ducts themselves are sub-triangular in shape when seen
in profile. The horizontal and internal longitudinal vessels delimit
meshes, which are sometimes almost twice as long as broad, and con-
tain four or five stigmata each. The stigmata are elongated, with
rounded ends; they are frequently double, and then consist of an
anterior and a posterior portion of elliptical shape. The pharyngeal
wall is minutely plicated in a longitudinal direction. The meshes
almost invariably show some trace of a division into two equal
portions by the formation of an incomplete quaternary series of
horizontal vessels; the extent to which this process is carried out
varies in different individuals and in different parts of the same
pharynx. The process is interesting, and may be completely traced
in fig. 4. A small projection arises from the internal face of an
interstigmatic bar, at its middle point (see fig. 4, upper row,
third mesh from the left), and is joined by a similar projection
from the opposite wall of the stigma (see the mesh below). The
concrescence of the two projections forms a horizontal bridge
across the middle of the stigma. The formation of several such
bridges across adjacent stigmata thus gives rise to a small horizontal
vessel (see the mesh below), which may be said to form part of a
quaternary series ; these quaternary vessels (k. v. 4) may even form
connections with the internal longitudinal bars beneath the inter-
mediate papille (7. p.) of those structures. My figure represents
the condition of the branchial apparatus in the individual shown in
fig. 3; but in a somewhat larger individual (fig. 1) the inter-
mediate or quaternary vessels are much more highly developed, and
there is less difference between them and the other horizontal
vessels, There is no pharyngo-cloacal slit.*

The @sophagus opens into the pharynx high up on its dorsal edge,
halfway between the cloacal siphon and the posterior end of the
body. In the largest specimen there are six primary horizontal
bars between the cesophageal opening and the posterior end of the
pharynx.

All my specimens are immature ; in even the largest individual
the development of the generative organs is still incomplete, and the
ducts are very slender in form ; while in smaller specimens the
gonads are quite rudimentary.

In addition, however, to the specimens of which the above
account has been given, I took another Ascidian which there is
every reason to believe to be an adult individual of the same species,
but which, from its exceptional shape, is at least an abnormal one,
so that I have excluded it from the general description,

¥ See p. 132.
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It is represented of the natural size on Pl. VI, figs. 5a and 5b, and
deprived of the test, by fig. 6. The body is not compressed from
side to side (right to left morphologically) like an ordinary Ascidian
and like normal individuals of the same species, but dorso-ventrally ;
and thus it comes about that, although attached in the usual manner
by its left side, its right side does not present a flattened surface, but
is elevated so as to form a thickened longitudinal ridge of considerable

height.
The dimensions are as follows:
Length (antero-posterior) ! - . 2 inches.
Breadth (dorsal-ventral across the plane of
attachment) : . : : & fug,
Thickness (morphological right to left) . § ,,

The breadth becomes considerably reduced towards the summit of
the ridge which represents the right side of the body.

The test is very thick and presents all the characters of normal
individuals of Ascidia mollis, except that it is much corrugated on
that face of the body which contains the cloacal aperture (see
fig. 5a). The oral aperture is sub-terminal and on the same side as
the cloacal aperture, which is slightly nearer the anterior than the
posterior end of the body. The body is attached by almost the
whole of the left side, which is deeply furrowed and irregularly
pitted. The test is overgrown by extensive colonies of the Polyzoon
Cylindreecium dilatatwm.

Upon removal of the test, the extent of the dorso-ventral com-
pression is at once noticed. The ganglion and cloacal siphon, in-
stead of occupying their usual position upon the apparent left of
the body, are in the median line of the upper side ; and the whole
of the wviscera appear to have suffered a similar rotation through
90 degrees. Strictly speaking, however, the viscera present exactly
the same morphological relations to the rest of the body as in the
normal individuals described above.

The generative organs are well developed, and the oviduct and
vas deferens are remarkably dilated. The former contains
numerous ripe ova, of small size; and the latter is filled with a
mass of spermatozoa.

The only difference of any importance in the pharynx is the pre-
sence of a pharyngo-cloacal slit,* % inch in length, in the usual
position opposite the cloacal aperture.

The prabranchial zone is closely studded with minute papille.

The growth of the aperture of the dorsal tubercle has progressed
still further ; both horns are now curved inwards.

EBpipharyngeal groove and dorsal laming as in younger specimens,

* See p. 132,
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but the lamina is a little deeper; the ribs are very strong and
regular, the teeth rather short, very regular, without intermediate
smaller ones ; the concave side of the lamina as described above.

Behind the cesophageal aperture is a long smooth area (the * post-
buccal raphé ”’ of Roule), bounded on the left by a continuation of
the dorsal lamina, and on the right by a series of terminal elevations
of the horizontal membranes of that side, as in 4. mentula.

Branchial apparatus.—This is much as in younger specimens, but
the arrangement of horizontal bars into primaries and secondaries,
&c., is less obvious, owing to the increase of the quaternary vessels
which are in many parts of the pharynx completely formed. Rudi-
mentary quaternaries are rare.

The papillee at the junctions are bluntly conical ; the intermediate
papillee are well developed and slenderly conical. The meshes are
slightly longer than broad, except where new quaternaries are
forming, when they are twice as long. There are from five to seven
stigmata in a mesh,

Between this Ascidian and the immature specimens of 4. mollis
described above, the only points of difference, which are not
obviously the consequences of further growth, are the different plane
of compression and the presence of a pharyngo-cloacal slit.

As to the former, it is a pure abnormality. By Professor
Lankester’s kindness T have had an opportunity this year of
examining in detail the collections of Tunicates in the Oxford
Museum, and I found there a specimen of Phallusia mammillata
which exemplified precisely the same kind of wvariation. The
broadly ovate test was compressed dorso-ventrally, the apertures and
ganglion being in the middle line of the upper side, and the viscera
and visceral septum of the test being correspondingly rotated. Yet
there were no structural differences at all to warrant a division of
the species.

As to the pharyngo-cloacal slit, its presence in the adult and not
in the young may seem surprising, especially when its supposed
morphological importance is taken into account ; but I have found
exactly the same phenomena in the species Ascidiella aspersa. The
ordinary specimens of that species show no trace of this aperture,
but I have seen a distinet pharyngo-cloacal slit in a particularly
large individual, taken from a Falmouth trawler, which I examined
this year at Plymouth ; in it the slit* occupied its usual position

* The walls of the slit were definite, straight, and smooth, resembling in all respects
those of the slit in Ascidia menfula. It must not be imagined that the slit, which I have
mentioned, was an irregular abnormality of the kind described by Prof. Herdman in
specimens of Ascidiella aspersa from the west coast of Ireland (Proc. Liv. Biol. Soc.,

v, 1891, p. 210, pl. x), an abnormality which may also occur in Ascidia mentula, as I have
myself observed in a specimen from Loch Long.
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opposite the cloacal aperture. It may therefore be admitted that
the presence of this slit is in some way a consequence of increased
size, and that its absence in young individuals is not a matter of
specific value. An attempt to explain the meaning of this remark-
able aperture is made below (see p. 132).

IT.
Ascidia depressa, Alder.

AscIDIA DEPRESSA, Alder. Cat. Moll. North., Durham, Trans. Tyneside Nat. Field
Club, 1848, p. 107.

—_ — non Heller. Untersuch. iiber die Tunicaten d. Adriat. Meeres,
Denks. d. Kais. Akad., Wiss, Wien., xxxiv,

ii, 1875, p. 15, Taf. v, figs. 10—12.
— — nee Herdman. Notes on British Tunicata, Journ. Linn. Soce.,

xv, 1881, pp. 286, 287, pl. xviii, figs. 4, 5.

—_ — nec Roule. Rech. s. les Ascidies Simples d. Cotes de Provence,
Ann, Mus, d’Hist. Nat. Marseille, tom. ii, 1884.

Under this name I describe a species of Ascidian of which I took
four specimens on May 11th. They were attached to the under sur-
face of a stone near the Zostera bed off Nodes Point.

SPECIFIC DIAGN08IS.—Body oblong ovate, much depressed, greenish when alive,
attached by the whole of the left side. Oral aperfure subterminal; eloacal two thirds
of the way down, on the right side, near the dorsal edge. Zest rather thin, carti-
laginous, provided with numerous minute tubercles on its free surface. Oral and
cloacal siphons, especially the cloacal, rather long. Sfomach rounded, at the posterior
end of the body; first bend of intestine considerably anterior to the cloacal siphon ;
rectum directed obliquely forwards, sometimes almost horizontal. Tentacles 25 to 30,
long and slender. Prabranchial zone studded with minute papille. Aperture of
dorsal tubercle horse-shoe shaped, horns not incurved, concavity anterior. Ganglion
much elongated, slightly dilated at each end. Epipharyngeal groove low, moderately
long. Dorsal lamina continued behind the wsophageal opening, fairly deep, strongly
ribbed on the convex side and regularly pectinated, with stout papille profusely
scattered on the concave side. Pharyngeal wall minutely plicated ; horizontal bars
usually broad and narrow alternately, their breadth never exceeding half the length
of the meshes; internal longitudinal bars slender ; papillee above the connecting ducts
erect, discoid, provided with a supporting ridge in front and behind ; no intermediate
papille ; meshes square, each containing four or five stigmata, Esoplhageal aperture
on dorsal side of pharynx, near its posterior end.

The body in all the specimens is much depressed, oblong in form,
with sloping and expanded edges, and attachment is affected by the
whole of the left side. The position of the oral and cloacal aper-
tures is indicated in fig. 7 (Pl. VII), which represents the largest
individual of twice the natural size. The cloacal aperture varies
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slightly in position, but it is always nearer the posterior than the
anterior end of the body, between half and two thirds of the way
down the dorsal edge. Both apertures are small and inconspicuous ;
no ocelli were observed in the living animal.

The dimensions of the largest specimen are as follows :

Maximum length . . - . 1% inch
;»  breadth . . - % »
5 thickness 3 5 by

. 413y
The test is firm and cartilaginous, though rather thin; it is not
rough to the touch, but its surface is in reality studded with minute
tubercles of bluntly conical form. They are so small that they
cannot be readily observed when the test is immersed in alcohol,
but when removed for a moment from the fluid, the presence of
minute projections is detected by the broken reflection of light from
its upper surface. A portion of the surface of the test is shown on
Pl. VII, fig. 9, considerably magnified. A series of vertical sec-
tions through the test shows that the tubercles are quite solid, and
that the culs-de-sac of the test-vessels have no connection with
them. The greater part of the test is composed of huge * bladder-
cells,” the largest of which are as large as many of the tubercles
on the surface; they are of spherical or polyhedral form. The
superficial tubercles are entirely destitute of bladder-cells.

The body when deprived of the test is at least twice as long as
broad in the majority of the specimens, but in one individual the
proportion between the two dimensions is slightly less than this.
The oral and cloacal siphons are both rather long and tubular,
and the cloacal siphon is particularly so (Pl. VII, fig. 8).

From the aesophageal opening being situated near the posterior
corner of the pharynx, the viscera extend to the posterior end of
the body. The stomach is rounded in form and considerably wider
than the intestine. The course of the intestine has been sufficiently
indicated above.

The ganglion is remarkably elongated, being six times as long as
broad ; it extends from the level of the fifteenth to that of the
twenty-first horizontal bar in the specimen shown in figs.

The epipharyngeal groove in the same individual is a low furrow,
not elevated behind, extending from the dorsal tubercle as far as
the ninth horizontal bar, but at the sixth bar its left lip suddenly
thins out and bends over the right lip, concealing it from view, and
continuing posteriorly as the dorsal lamina. This structure has a
very characteristic form in this species (Pl VII, fig. 10). It is
moderately deep, provided with a regular succession of transverse
ribs on its convex side and of well-marked teeth on its edge, the
latter corresponding to the number of ribs. There are no inter-
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mediate pectinations of its edge ; but the concave side, instead of
being smooth, as is usually the case in Ascidians, is profusely studded
with stout papillee, as shown in the figure. There is a certain ten-
dency of the papillee to be arranged in rows directed obliquely from
the summit to the free edge of the lamina, from before backwards ;
but this general tendency is frequently departed from. The dorsal
lamina is continued for some distance behind the cesophageal aperture.

Branchial apparatus.—The horizontal vessels are often of two
sizes,* broad and narrow, and these vessels alternate with one another
in position ; but the breadth of the larger vessels never exceeds half
the antero-posterior diameter of the meshes—usunally it is consider-
ably less. The pharyngeal wall is minutely plicated. ~The internal
longitudinal bars are slender in form. At their junctions with the
connecting ducts are situated blunt papillae of characteristic shape ;
they are of an erect discoid form, with a semi-circular edge, com-
pressed from before backwards, and provided with a supporting
ridge or buttress upon their anterior and posterior faces (fig. 11 3).
Usnually the meshes are square, and intermediate papillee quite absent;
but in some parts of the pharynx transverse rows of meshes may fre-
quently be observed which are distinctly elongated in a longitudinal
direction, and in such regions minute intermediate papille may be
detected upon the internal longitudinal bars. The elongation of
the meshes and appearance of intermediate papille is preparatory
to the formation of a new series of horizontal vessels,in the manner
which I have described above in 4dscidia mollis. There are four or five
stigmata in each mesh (fig. 11 @). There is no pharyngo-cloacal slit.

My largest specimen is mature, and minute white ova are present
in the oviduct.

After much consideration I have arrived at the conclusion that
the specimens whose structure I have just described represent the
species Aseidia depressa of Alder, and that the Ascidians described
under this name by Heller, Herdman, and Roule, are distinct
from it.

A reference to Alder’s original account will show how perfectly
in every point my specimens agree with his description, with the
exception that I can make no statement as to the presence of red
ocelli around the apertures. I did not observe these spots in the
living animals ; but on the other hand I paid no attention to the
point, and probably overlooked their existence. In every other
respect the correspondence is complete, and I may draw especial
attention to the following details-—the shape and colour; the ex-
panded edge ; the position and form of the apertures ; the granula-
tions (minute tubercles) on the upper surface ; the absence of inter-

* This distinetion of size is much less apparent in mature than in young individuals.
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mediate papillee in the branchial sac (for it was Alder’s habit to
imply the absence of these structures when he made no direct
reference to them) ; and the size.

If this be really so, it necessarily follows that Heller’s specimen
‘described under the same name is distinct. The structure of the
test is alone sufficient to distingnish my specimens from his. The
‘bladder-cells in the former are huge, of spherical or frequently
polyhedral form, exactly as Heller has himself described and figured
for his Ascidia rudis (1. c., p. 14, Taf. v, fig. 6) ; but for his 4.
depressa a very different condition was described by him (1. c., p. 15).
Further, Heller’s A. depressa was destitute of the superficial micro-
scopic tubercles which are present in my specimens (and in Alder’s),
and which Heller himself also figured for another species (4. rudis,
1e:)

Secondly, the specimens which Prof. Herdman has referred to
this species differ from Alder’s in possessing intermediate papille
on the internal longitudinal bars; Alder would certainly have
noticed the existence of such papillee as Herdman has figured (1. c.,
“supra, pl. xviil, fig. 4), if they had existed in his specimens. Prof.
Herdman’s specimens cannot belong to the same species as these
from the Isle of Wight, because in the latter the internal longi-
tudinal bars rarely show a trace of intermediate papillee, except when
the meshes have grown to a size when they are almost twice as long as

‘broad ; in Prof. Herdman’s species these papillee are normally
present, and the meshes are elongated transversely. Further, the
-gtructure of the dorsal lamina is very different in the two cases.
Prof. Herdman in the same paper noticed the existence of tubercles
on the dorsal lamina of Ascidia plebeia, so that there is no reason
to suppose that he-overlooked them in his A. depressa.
- Lastly, M. Roule has described under the name Ascidia depressa, a
“species which, while probably identical with Heller’s, is undoubtedly
distinet from Alder’s species. The mode of attachment, the shape
of the body, and the stracture of the branchial sac are very different
in the two cases. The species described by Heller and by Roule
presents a close affinity with Ascidia mentula, and still more, perhaps,
with Alder’s (not Heller’s) Ascidia rudis; but there is nothing in
Alder’s description of A. depressa to indicate a similar relationship
for that species, and my specimens are distinctly against it.

Ascidia depressa, as now re-described, is very closely related to
Traustedt’s Ascidia (Phallusia) pusilla (Mitt. Zool. Stat. Neap., iv,
1883, p. 465, Taf. xxxiv, figs. 16, 17 ; Taf. xxxv, fig. 26). The chief
points of difference are found in the different proportions of the

“length to the breadth of the body, the length of the siphons, the
breadth of the largest horizontal vessels of the pharynx, the
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number of stigmata in the meshes, the shape of the stomach, and
especially the structure of the dorsal lamina. Some of these
differences are trivial, and it is impossible at present to say whether
Traustedt’s single specimen of A. pusilla is, or is not, merely an ab-
normal individual of our species ; but the constancy in the structure
of the dorsal lamina in my specimens is, when associated with the
other peculiarities, a strong piece of evidence in favour of the
specific distinctness of the two types.

Ascidia depressa is also allied to Ascidia marioni, Roule, on account
of the close agreement between the two species in the following
points—the mode of fixation, the position of the apertures, the
minute tuberculation of the surface, the absence of intermediate
papillse, the strong pectination of the dorsal lamina, the elongation
and approximation of the stigmata ; but the two species are of
course quite distinct owing to the important difference between them
in the structure of the subneural gland and its accessory organs.

I have already pointed out the curious resemblance between
Ascidia depressa and Heller’s Ascidia rudis in the histological and
superficial structure of the test. Since Heller’s specimen agrees with
Roule’s Ascidia marioni both in the position of the cloacal aperture
and in the minute tuberculation of the surface, it is not improbable
that the two are specifically identical ; but whether Heller’s indi-
vidual was rightly referred to Alder’s species or not is very doubtful.
Alder’s rudis possessed ‘“ small, distant tubercles”” on the test, and
was ““sometimes nearly smooth,”’—a condition very different from
that in Heller’s specimen, as well as in Roule’s 4. marioni.

If, as I believe it will now be generally admitted, the forms des-
cribed by Heller, Roule, and Herdman under the name Ascidia
depressa can no longer lay claim to that title, it will be necessary to
refer to them under new designations. I would propose for
the Mediterranean species described by Roule the name Ascidia
Roulei. To the variety petricola of this species, Heller’s specimen
almost certainly belongs. I believe that Ascidia Roulei is closely
related to, if not identical with Alder’s Ascidia rudis : but it is
impossible to give a final decision upon this question until our
British Ascidians have been collected and re-examined in greater
detail . *

The form deseribed by Herdman as Ascidia depressa, in the
paper to which reference has been made above, appears to be dis-
tinet from Ascidia Roulei, although it is impossible, from the want
of correspondence between the descriptions, to speak decisively.
But Prof. Herdman has himself thrown doubt upon their identity

* It is needless to say that we look forward with interest towards Prof. Herdman’s
promised re-descri_ption of some of Alder and Hancock’s types,
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in his recently published* Revised Classification of the Tunicata,
so that a new name is, at least provisionally, desirable. I therefore
propose for it the name Ascidia Herdmans.

The subjoined synonymic lists show briefly the conclusions to
which I have been led by the study of this species from the Isle of
Wight.

1. Ascipia prprEssa, Alder, 1848, loc. cit.

= ASCIDIA DEPRESSA, Garstang, 1891 (the present paper).
?? = PHALLUSIA PUSILLA, Traustedt, 1883, loc. cit.
non ASCIDIA DEPRESsA, Heller, 1875, loc. cit. (= 4. Roulei, Garstang, 1891).
nec  — — Herdman, 1881, loc. cit. (= 4.Herdmani, Garstang, 1891).
nee  — - Roule, 1884, loc. cit. (= 4. Roulei, Garstang, 1891).

2. Ascioia rupis, Alder, 1868. Ann. Mag. Nat. Hist. (3), ii, p. 195.

? = Ascipia RovrEl, Garstang, 1891,
= A. DEPRESSA, Roule, 1884 (non Alder, 1863, nec Herdman,
1881).
= [var. PETRICOLA]| A. DEPRESSA, Heller, 1875.
non =  RUDIS, Heller, 1875,
? = A, MaRIONI, Roule, 18584,

I1T.

Ascidia mentula, 0. F. Muiller.

ASCIDIA MENTULA, Miiller. Zoologin Danica, 1788, vol. i, pp. 6, 7, pl. viii,
figs. 1—4.
— RUBROTINCTA, Hancock. Ann. Mag. Nat, Hist., 1870,
— RUBICUNDA, Hancoek. Ibid., 1870.
— ROBUBTA, Hancock. Ibid., 1870.
PHALLUSIA MENTULA, Kupffer. Jahresb. d. Komm, z. Unters. d. deutsch. Meere
in Kiel, Berlin, 1874, p. 209, pl. iv, fig. 1.
Ascrnia MENTULA, Heller. Untersuchungen, 1875, loc. cit., pp. 2—13, pls. i—iv.
—  RUBESCENR, Heller. Ibid.
—  1ATA, Herdman. Journ. Linn. Soe., xv, 1881.
PHALLUSTA MENTULA, Traustedf. Die einfachen Ascidien, 1883, loc. cit.,
pp. 467—459,
Ascrpra MENTULA, Roule. Recherches, 1884, loc. cit.

Several large Ascidians, which I refer to this specles, were
found attached to the sides of a rock, situated far out in the
Zostera bed off Nodes Point, on May 7th, at extreme low water,

* Journ. Linn, Soc. Zool., vol. xxiii, 1891, p. 594,
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spring-tides having then almost reached their height. The follow-
ing descriptions refer to two individuals which I brought away
with me for more detailed examination; they are given separately
in order to indicate the degree of variation the more naturally.

A. Body oblong, elongated, attached by almost the whole of the
left side. Dimensions—Length, 3 inches; breadth, 1} inches;
thickness, 14 inch. An idea of its external appearance may be gained
from the figure which Heller gives (l. c. pl. v, fig. 5) to represent
a supposed specimen of Alder’s Ascidia rudis, but the position of
the cloacal aperture is different.

Test thin, hard, cartilaginous, greatly wrinkled in a longitudinal
direction on the right side, almost entirely overgrown by small
algze, and extensive colonies of the Polyzoon Alcyonidium mytili and
some Didemnids. Here and there on the right surface a few
minute tubercles may be detected. Oral aperture on the right side,
sub-terminal, not prominent, bounded by nine lips ; cloacal aperture
on the right side near the dorsal edge, very slightly nearer the
anterior than the posterior end of the body, bounded by six lips.

Upon removal of the test the rest of the body is seen to be of a
yellowish colour, the musculature being of a rather deeper amber-
colour. The oral and cloacal siphons are tubular but short. The
oral siphon terminates in nine sub-triangular lips, which are rather
prominent, with rounded apices and with a spoon-shaped concavity
on their external surfaces. The edge of the siphon is bounded by a
thin red line which is discontinuous towards the tips of most of the
lips. A small red ocellus is found behind the red line between each
pair of lobes, and the surface of the siphon is slightly sprinkled
with red dots. The cloacal siphon terminates in six lobes, bounded.
similarly by a thin red line, but without ocelli. It is directed
straight towards its external orifice.

Musculature coarse and strong, the fibres amber-coloured.

Viscera disposed as usual in the species, the posterior border of
the stomach being nearly  inch from the posterior end of the
body ; the anterior wall of the intestine at its first bend is on a
level with the ganglion ; the posterior wall at its second bend is on
a level with the opening of the cesophagus into the pharynx.

Renal wvestcles large, forming a soft yellowish coating over the
stomach and intestine ; concretions showing as a small brown spot
in each vesicle, when looked at with a lens, but resolving themselves
in each case into a compact mass of several concretions, of different
sizes and of a yellowish-brown colour, when examined under a low
power of the microscope (cf. Roulej.

Tentacles about thirty in number, short, of unequal sizes, lrregu--
larly arranged. o - temvs :
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Praebranchial zone studded with microscopic papille arranged
more or less regularly in longitudinal rows.

Dorsal tubercle longer than broad, presenting two apertures, one
behind the other. The anterior is crescentic, with the horns pro-
duced and curved inwards ; the posterior is crescentic, with the left
horn slightly produced and curved towards the mid-dorsal line, and
with the right horn also curved round and produced a little beyond
the mid-dorsal line (Pl VII, fig. 12).

Epipharyngeal groove present for a short distance and then ceasing
abruptly (fig. 12). The dorsal lamina is quite absent anteriorly, and
does not appear until halfway between the position of the ganglion
and the level of the pharyngo-cloacal slit, when it gradually rises
up in the form of a mnarrow membrane and is continued to the
posterior end of the pharynx. Dorsal lamina strongly ribbed
transversely and minutely pectinated at the margin, the teeth corre-
sponding to the ribs; no intermediate pectinations; concave side
smooth. '

A pharyngo-cloacal slit* present on the right side of the dorsal

* 1 give this name to the curious aperture, so commonly found in the pharyngeal wall of
Ascidia mentula, in which species it was first noticed by Kupffer (I. c.). It has been
ingeniously suggested lately that it represents the persistent internal opening of the
right primitive atrial canal, in spite of the fact that it is absent in the more primitive
Ascidians, such as Claveling and the Distomide. Now, as has been stated above (pp. 123
and 124), I have discovered this slit to be present in large individuals of two other species
of Ascidians which are not closely allied to Adscidia menfula (Adscidiella asperse and
Aseidia mollis), although it does not exist in young specimens of those species. This fact
is a sufficient disproof of the theory which gives to the slit the value of a phylogenetic
remnant; My own theory is less attractive, but possibly more true. The slit is always
situated opposite the cloacal orifice, and only occurs in large species (Ascidia mentula and
its close allies, e.g. Ascidia lafa, Herdman) and in large individuals of smaller species
(e.g. of A. mollis and Ascidiella aspersa). May it not be a special adaptation for the
prevention of the over-accumulation of fmces in the cloacas of large Ascidians, where the
ordinary methods of ejection are insufficient ? Ascidians, being sessile animals, are especially
liable to danger from such over-accumulation, as Giard long ago stated in the case of the
Didemnidz and Polyclinidz (Arch. Zool. Exp., i, p. 520) ; and special means are adopted in
various sections of the group to ward off the danger. For instance, as Maurice has well
suggested, the cloacal languettes of the Polyelinidz serve the definite function of keeping
open the cloacal canals in colonies of that family (Arch. de Biol., viii, 1888, p. 243); while
in the Botryllidz the end is achieved only by the united efforts of the zooids in a cceno-
bium: they simultaneously and suddenly contract their bodies, and so drive a strong
current of water through their peribranchial cavities into the common cloaca, ejecting the
fmces with such violence, as Gaertner observed, “ut ingenti saltu oppositum faveam mar-
ginem transiliant* (see Giard, loc. cit.).

In the large Ascidians under discussion, the presence of this big oval slit—it is frequently
over a centimetre in length—directly opposite the cloacal cavity, will enable the animal,
by a strong contraction of the muscular tunie, to drive a considerable body of water from
the pharynx into the cloaca, and thus to effect the desired object more thoroughly than is
possible when stigmata exist alone.

Kupffer has also recorded the existence of paired pharyngo-atrial slits, symmetrically
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lamina, directly opposite the cloacal aperture ; slit, } inch long and
smooth-edged.

Ganglion hour-glass shaped, midway between the slit and the
dorsal tubercle.

(Hsophageal opening high up in the pharynx, between the slit and
the posterior third of the body. Behind it is a long smooth * post-
buccal raphe ” (see Heller’s figure, 1. c.).

Branchial apparatus. — Meshes elongated transversely ; stout
conical papillse at the junctions, provided with supporting ridges in
front and behind (fig. 13); intermediate papillee equally long, but
more slender than the primary papille ; six or seven stigmatain a
mesh ; minute plications deep, the longitudinal furrows frequently
bifurcating.

B.—The second individual differs from the one just described in
the external form, and in the absence of any malformation of the
dorsal tubercle and lamina ; in other respects it is closely similar to
the first specimen.

Body of a compressed pyriform shape, the narrow end anterior,
attached by a circular area over the posterior half of the left side.
Dimensions—Length, 24 inches ; Maximum breadth across middle,
12 inches ; Thickness, % inch.

Test very slightly furrowed, overgrown with alge and Polyzoa.

Oral aperture terminal ; cloacal on the dorsal edge, slightly
nearer the posterior than the anterior end of the body.

Oral siphon with very short and obtuse lips; no red pigment
upon either of the siphons.

Tentacles forty in number, considerably longer than in the pre-
ceding specimen, irregularly arranged.

Dorsal tubercle circular in shape ; aperture horse shoe-shaped,
the right horn curved inwards.

EBpipharyngeal groove considerably longer, its lips gradually nar-
rowing and becoming continuous with the dorsal lamina.

In all other respects this individual agrees with the former.

Both individnals are mature and have ova and spermatozoa in
their generative ducts.

I believe that in point of size these specimens have undergone a
placed in the posterior region of the pharynx, in Ascidia conchilega and Ciona [ecanina]
intestinalis. The former species I have been unable to examine, but in C. infestinalis
(preserved material) some individuals possess huge slits, through which the intestine con-
spicuously projects into the pharynx, while in other individuals no unusual apertures can
be made out at all. (Cf. Traustedt, loc. eit., p. 455. Heller, loe. cit., ii, p. 118, seems
merely to repeat Kupffer's statement. Roule, loc. cit., makes no reference to any excep-
tional openings.) I am inclined, therefore, to believe that in both these species- Kupffer’s
apertures are accidenial or artificial rather than natural,
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considerable reduction since their capture. In the rough notes
which I then made, I put down the length as ‘ about 5 inches,”
while actual measurement now shows that the largest of the two
brought away does not exceed 3 inches. Allowing for a possible
degree of error in my original estimate of their size, there must
still, I think, have taken place some contraction of their test and
body in the four months during which they have been in alcohol.
It is, I admit, unsafe to argue upon these grounds, for the larger
ones may have been just those which I dissected at the time of
capture and did not retain. I will, therefore, merely state that the
size of some of the specimens which I found was fully 4 inches.

The colour of the individuals when alive was hardly different
from that which these spirit specimens now exhibit. It is sufficient
to say that there was an almost total absence of red pigment in
their bodies, and what did exist was confined to the region of the
siphons, particularly the oral siphon. The test-vessels, also, with
their terminal dilatations, were destitute of red and of all conspicu-
ous colouration.

The species Ascidia mentula has been described in greatest detail
upon Mediterranean specimens, although it is widely distributed
round all the coasts of Europe, and has been called the commonest
of the British deep-water Ascidians. Off the south-western shores
of England, however, it is certainly not common within the 40
fathom line ; I have only taken it once or twice there, and its place
seems to be occupied by two other large Ascidians, Phallusia
mammillata and a coarse variety of Ascidiella aspersa. Indeed, the
fact that there is extant no anatomical description of British
specimens referred to Miiller’s species, seems at first to be strange,
if they are really so abundant.

A comparison of my specimens with Miiller’s original description
revealed some distinctions which at the outset seemed to be of some
importance. Both of Miiller’s specimens were brilliantly pigmented,
the whole of the body within the test being of a bright crimson
colour, except over the area occupied by the viscera on the left side,
which was whitish, the intestine being of a livid green colour
(“ colorem luridum exhibens *’).

But in Traustedt’s specimens from Naples the red pigment was
found to be a very variable and unreliable characteristic ; sometimes
the stomach only was so coloured, sometimes this pigment was
spread over the entire area of the branchial sac (as in Miiller’s
specimens), whilst sometimes individuals were taken which were
quite destitute of red colouration.

Roule, at Marseille, has observed that the test is almost always
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rose or red in colour, and he gives some beauntiful figures in illus-
tration of this condition, but he also admits a considerable degree
of colour-variation in the species, which he attributes to local
influences.

Heller’s specimens from the Adriatic seem to have been much
more subdued in colour than those from the mneighbourhood of
Naples and Marseille. He describes the colour as ‘‘ greenish or
yellowish-white, seldom brownish, the oral siphon usually edged
with red (rothgesdumt) ; > further on he adds that the blood-cor-
puscles are brownish. My specimens, therefore, approach Heller’s
very closely in this respect.

Now a pernsal of Hancock’s paper on Several New Species of
Simple Ascidians (1870, 1. ¢.) shows that he attached a considerable
importance to distinctions of colour in his definitions of species, an
importance which can no longer be admitted for mentuloid forms at
any rate; and Roule has quite rightly, in my opinion, merged
Hancock’s A. rubro-tincta into the species A. mentula. Ascidia
rubicunda of Hancock agrees perfectly with the typical mentula of
Miiller in its brilliant colouration, and I shall show below how un-
important is the only other character which distinguishes it from
the general form of that species. Ascidia robusta of Hancock is
distinguished from the specimens which I have described from the
Isle of Wight by hardly any other point than the prolongation of the
oral and cloacal siphons.

It may be observed that in all the mentuloid forms there is a dis-
tinct correlation between the position and extent of the area of
attachment and the zone of the sea-bed from which individuals
have been taken. The Ascidia mentula of authors is an inhabitant
of the deeper waters, and is found attached usually to stones and
shells by its base and a very little of the left side. Adhering in
this way, it is obvious that it has an erect position upon the sea-
bottom. Now the three species named above were distinguished by
Hancock from Ascidia mentula partly on account of the mode of
their attachment ; A. rubrotincta adhered ‘‘by the middle portion
of the side,” A. rubicunda “by the whole side with imperfect mar-
ginal expansions,” 4. robusta ““ by the whole side, but [was] some-
times much distorted, and with adherent root-like prolongations.”

These three “ species”” were all taken from between tide-marks,
the first at Guernsey, the second at Tobermory (Isle of Mull),
Portaferry (Strangford Lough), and Bertraghbuy Bay (Connemara),
the third at Herm.

The Isle of Wight specimens also were attached by the whole or
the greater part of the left side, and they also were taken from a
rock at low water.
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Now no one can have much attended to the conditions of existence
in the littoral zone without having been impressed by the extent of
the disturbing forces which littoral animals have to resist, if they
are to survive in that locality. They are battered by the waves
almost incessantly, and cannot exist without special means of defence.
This defence in many groups is ensured by the development of
strong adhesive or clinging organs, the prevalence of which among
littoral animals shows, by a reversal of the argument, the extent of
the disturbing forces that play around them.

Tunicates are essentially plastic creatures, for the structure and
mode of development of their tests renders their external form
easily modifiable. It would, therefore, be extremely improbable to
find that the larvee of Ascidia mentula, when carried by in-flowing
tidal currents from deeper water into the littoral zone, would grow
in quite the same way in one place as in the other. . The incessant
motion of the water would necessitate, and indeed frequently bring
about, as growth proceeded, a larger area of attachment than would
suffice to resist the comparatively feeble currents of deeper water.

The results of such a process would be (1) Hancock’s Ascidia
rubicunda, which is merely the red-coloured variety of A. mentula
adapted to a littoral existence ; (2) my specimens from the Isle of
Wight, which are merely the pale variety of A. mentula adapted to
a littoral existence upon a comparatively smooth surface of rock ;
(3) Hancock’s 4. robusta, which is a pale reddish variety modified
in its mode of attachment by tidal influences, and in its general
shape by the irregularity of the surrounding objects (°roots’ of
Laminaria digitata).

Even Miiller a hundred years ago recognised the plasticity of
form in his species, for, referring to the oral and cloacal apertures,
he says:—Pro figura massae, quae ab adjacentibus corporibus
determinatur, vel utraque lateralis, vel altera plerumque terminalis.”

If it should be objected that the Mediterranean zoologists can
supply little or no evidence of variability in the extent and mode of
attachment in their specimens, the fact is rather in favour of my
contention than against it ; for the causes to which the variation
has been here attributed are absent in the Mediterranean,
where the tidal oscillation, with its accompanying disturbance of the
sea~bottom, is so small that it may practically be neglected.

‘With regard to internal structure, the differences between the
Isle of Wight specimens and those described by the Mediterranean
zoologists are very slight and unimportant.

For a comparison of the descriptions of Mediterranean forms
shows that variability is not confined to points of colour and
external form. Traustedt gives the number of tentacles as from
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78 to 85 in Neapolitan specimens, while Heller, who also examined
the species in great detail, ascribes from 30 to 35 to Adriatic
examples. There are 30 in one of mine, 40 in the other, Herdman’s
Ascidia lata (3% inches long ; one specimen) possessed from 16 to 20,
and the species was defined upon the ground of this difference* and
of a peculiarity in the aperture of the dorsal tubercle.

Take again the dorsal lamina. Heller unfortunately gives no
details upon this point, but Traustedt and Roule agree that the
lamina is strongly pectinated. In Roule’s specimens the right face
of the lamina is also provided with a few smaller * languettes.”
On the other hand, Hancock’s A. rubicunda, Herdman’s A. lata
(from Loch Long),and my specimens agree in being merely minutely
denticulated along the edge of the lamina.

It is true, therefore, that we have at last arrived at a point
wherein some of the north Atlantic forms agree to differ from their
Mediterranean relatives ; but he would be rash who would distinguish
the species upon this ground alone, in view of the numerous cross-
resemblances in other respects.

The praebranchial zone is minutely tuberculated in my specimens
just as in Traustedt’s.

Altogether, therefore, there appears to be no sound reason why
the numerous mentuloid forms mentioned in this paper should not
be grouped together into one species and entitled Ascidia mentula.
Some other ‘“ species”” might even be added to the list. Heller’s
A. rubescens has rightly been included by Roule as a young
individual of the species, and it is just possible that Herdman’s
A. fusiformis (1§ inches long ; three specimens) is merely a young
condition also.

It is difficult to form an opinion upon Hancock’s 4. plana and
A. alderi ; but they appear to belong to this species also.

I cannot hope to have altogether avoided error in the course of
this paper, but I have certainly endeavoured to do so; and I trast
that, as an attempt to throw a little light upon some of our British
Tunicates, my essay will not be without useful results.

Moreover, it would seem to be serviceable if a word or two
should be said upon the desirability of keeping in mind the facts of
variation, and of adopting some method by which the broad phe-
nomena of variability within the limits of a species can be properly
and systematically recorded.

# Since the above was put in type, I have been enabled to examine some specimens of
A. mentula, which were dredged in Loch Long and are now under Mr. Hoyle’s charge in
the Manchester Museum, The number of tentacles is so variable as to be only 18 in an
individual 43 inches long, while it is nearly 40 in an individual 3 inches long,
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It is now a truism that variation does not only consist in the
manifestation of irregular abnormalities. The commonest Anemone
of our sea-coasts, Actinia equina, Linu., sufficiently testifies to
the existence of a fixity and a stability even in variation. Yet
it would be a strange misconception of the species-idea that would
lead anyone to specifically separate the more constant varieties of
Actinia equina or of Cylista undata from one another simply on the
ground of that constancy.

The nomen triviale of taxonomy isa great boon to the investigator
in biology, but it becomes a burden when it is applied with random
pen to every little group of forms, distinguished though they may
be, under their particular conditions, by the constant possession of
some minute peculiarity. Minute and constant peculiarities are of
the greatest interest and importance, and nothing could be, for some
time to come, of higher value to the student of organic evolution
than their careful recognition and classification, involving also a
similar record of the bionomical conditions under which those
peculiarities are found to be manifested.

But there is no reason why the specific name should be bestowed
upon these minutely isolated groups. They had much rather have
a nomenclature of their own within the limits of the species embrac-
ing them ; and that such a nomenclature can be adopted with success
is sufficiently established by a perusal of Mr. Gosse’s admirable
monograph of the British Actinians,—to go no further.

I will conclude with an attempt, by way of illustration, to record
what seem to be the main outlines of variability in the species
which has just been discussed.

Ascipia mENTULA, O, . Miiller.

Var. 1.—RUBERRIMA. Body-walls beneath the test of a brilliant red or rose-colour ;
tentacles (always ?) numerous (60 to 80).
Form a.—Erecta. Avea of attachment small, usually posterior
and basal; infra-littoral.
Distribution—Off the south coast of Norway;
Mediterranean, off Marseille and Naples, rare in
Adriatic (= A. rubescens, Heller).
Form 3.—Depressa. Area of attachment large, extending over
the whole or the greater part of the left side; littoral.
Distribution.—West coast of Scotland, west and
north-east coasts of Ireland (= 4. rubicunda,
Haneock).
Var. 2.—RusroTivcTA. Body-walls tinged with reddish flesh-colour,
Form a.—FErecta. Attached as described above; infra-littoral.
Naples, Marseille, British seas ?
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Form 3.—Depressa. Attached as described above; littoral.
Channel Isles (= 4. rubrotincta and A. robusta,
Hancock).
Var. 3.—Rava. Body-walls yellowish, with little or no trace of red; tentacles
rarely exceeding 40 in number. ;
Form a.—Ereeta. As above; infra-littoral.
Adriatic. [West coast of Scotland (= 4. lafa,
Herdman ; but the colour of this race is only known
from spirit speeimens).]
Form B.—Depressa. Asabove; liftoral.
Isle of Wight.

DESCRIPTION OF PLATES VI axp VII,

Illustrating Mr. W. Garstang’s paper “ On some Ascidians from
the Isle of Wight.”

N.B.—All the figures were drawn from preserved material.
PLATE VL
Y16, 1.—Ascidia mollis, Ald. and Hanc. The largest normal individual, nat. size.
F1g. 2.—A. mollis. Culs.de-sac of the test-vessels, magnified.

Fi16. 3.—A. mollis. Another individual of smaller size, as seen after removal of the
test ; twice the natural size.
a.= View of the right side, showing the musculature,
b.=View of the left side, showing the disposition of stomach and intestine.

F16. 4.—A4. mollis. Portion of the pharyngeal wall of the same individual; much
enlarged. Zeiss, Obj. A. Oc. 2, Cam. luc. The dark portions represent the longitudinal
furrows, the light portions the elevations which are caused by the “ minute plication” of
the wall.

c.d.=Conuecting ducts between the horizontal and the internal longitudinal vessels.
h.v.=Horizontal vessels, forming three complete series and a rudimentary fourth.
7.1.b. = Internal longitudinal bars or vessels.
i.p.= Intermediate papillz.
p.=Papille on the int. long. bars above the connecting ducts.

F1@. 5.—d. mollis. The large abnormal individual, nat. size.
a.=View from above the dorsal surface. The left side consists entirely of the area
of attachment ; the right side forms an elevated ridge. The inconspicuouns
slit-like oral and cloacal apertures are indicated.
b.=View of the opposite surface,
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F16. 6.—A4. mollis. The same with the test removed, in the same position as in fig. 5 a.
Nat. size.
an.=Anus,
c.s.= Cloacal siphon.
gn.=Ganglion,
int,=Intestine—the descending portion.
es.=Esophagus.
0.8.=0Oral siphon.
ov.=Oviduct.
pe.=Pericardium,
st.=Stomach, covered with renal vesicles,
v.d.=Vas deferens.

PLATE VII.

F1a. 7.—Ascidia depressa, Alder. The largest individual, twice the natural size.

Fia. 8.—4. depressa. The same, with the test removed, viewed from the left side,
showing the course of the viscera, and the rather elongated siphons.

F16. 9.—d. depressa. A portion of the test, magnified, showing the papille on its
surface. .

F1a. 10.—A. depressa. A portion of the dorsal lamina, magnified, showing the marginal
teeth (m.£.) and the lateral papillee which project from its concave surface. Camera lucida.

F1e. 11 a.—A. depressa. A portion of the pharyngeal wall, magnified. Camera lucida.
h.v.=Horizontal vessels.
i.1.b.=Internal longitudinal bars or vessels.
p.=Papillee above the connecting ducts.
7.4.p.=Extremely rudimentary intermediate papille, here and there present where
the meshes are elongated.

F16. 11 b.—A. depressa. An enlarged view of the junction between an internal longitu-
dinal bar (i.2.5.) and a horizontal vessel (A.v.), showing the form of the disc-shaped papilla
(p.), with its anterior (a.b.) and posterior buttresses.

Fre. 12.—Adscidia mentula, O. F. Miiller. The peritubercular area in the individual A.,
showing the double aperture of the dorsal tubercle.
ep.gr.= Epibranchial groove.
p.gr.= Pericoronal groove.
p.z.=Prabranchial zone, studded with minute papills.

F1g. 13.—4. mentula. Portion of an internal longitudinal bar (i.Z.2.), seen obliquely
from the side, showing the form of the papille on its surface ; magnified. Camera lucida.
e.d.=Connecting duct.
h.v.=Horizontal vessel.
i.p.=Intermediate papille.
p.=Papille.
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On the Development of Palinurus vulgaris, the Rock
Lobster or Sea Crayfish.

By

J. T. Cunningham. M.A.

With Plates VIII and IX.

1. Historical Review.

TaE history of our knowledge of this subject is complicated and
curious, and is not quite correctly narrated in any English publica-
tion, not even by Balfour in his account of the development of
Crustacea (Comparative Embryology, vol. i). The story begins
with the establishment and definition of the genus Phyllosoma by
Leach in 1818. Various succeeding zoologists included descriptions
of species of Phyllosoma in their works, but the result of all previous
investigations are included by Milne Edwards in the comprehensive
account of the genus given in his Hist. Nat. des Crustacés, vol. ii,
1837. The state of knowledge at that time may be briefly summa-
rised as follows :—The Crustaceans known by the name Phyllosoma
had been found near the surface of the ocean in various parts of
the world. They varied in size from less than half an inch to two
inches. They were, when alive, of glassy transparency ; the body
was remarkably flat, and expanded horizontally, while the limbs
were long, slender, and biramous. The body consisted of three parts ;
firstly, a head having the form of an oval leaf, bearing at its ante-
rior extremity a pair of eyes on long stalks and two pairs of simple
antennse. The mouth was situated beneath the middle or posterior
third of the head, and surrounded by an upper and lower lip, a pair
of mandibles, and the first pair of maxillee. The second pair of
maxille and the first pair of maxillipeds were rudimentary and
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situated behind the mouth. The second part of the body was the
thorax, quite as flat but not so large as the head; it was usually
broader than long. It presented no trace of a division into seg-
ments, but on its lateral edges carried four to six pairs of long,
delicate, articulated limbs, each of which was provided with a
secondary shorter branch fringed with hairs on each side. The
disposition of the abdomen varied ; in some species it was distinctly
marked off from the thorax and much narrower, sometimes situated
in an emargination of the posterior edge of the thorax, and some-
times again it was at its base as broad as the thorax, of which it
formed a direct continuation. Usually six or seven segments were
visible in the abdomen, the last of which bore biramous flat appen-
dages, like those of the lobster, on each side of the telson. Accord-
ing to these differences in the abdomen, Milne Edwards divided the
species of Phyllosoma into three groups: (1) those which had a
distinet well-developed abdomer, narrower than the thorax, Phyllo-
somes ordinaires ; (2) those in which the abdomen was rudimentary,
and sitnated in an emargination of the thorax, Phyllosomes brevi-
caudes ; (3) those in which the abdomen was broad and continuous
with the thorax, Phyllosomes laticaudes.

Since the date of Milne Edwards’ work, various more or less in-
complete researches have proved that the forms belonging to the
genus Phyllosoma, as defined by the characteristics just described,
are the early stages or larvee of Palinurus and its allies, that is, of
the Decapod Crustaceans of the family Palinuride or Loricata.
Balfour, in his Comp. Embryology, vol. i, p. 477, states that the true
nature of Phyllosoma was first shown by R. Q. Couch in a paper on
The Metamorphosis of Decapod Crustaces in the Report of the
Cornwall Polytechnic Society of 1848, but that Couch did not recog-
nise the identity of his larva with Phyllosoma, which was first done
by Gersticker. This statement is incorrect, probably because
Balfour was unable to refer directly to the Reports of the Cornwall
Polytechnic Society, to which I have access in the library of the
Plymouth Institution. R. Q. Couch’s first paper on The Metamor-
phosis of Decapod Orustaceans is in the Report of the said Society
for 1843. The description of the newly hatched Palinurus there
given is quite erroneous. Couch states that he obtained gravid
specimens of Palinurus from the fishermen, and kept them in crab-
pots until the eggs hatched. His description of the hatched larva
is as follows :— The whole animal is smaller and more slender than
the young of the lobster. The body is oval, slightly depressed ;
eyes rather small compared with other species, sessile, marked at
its circumference with radiating lines, and situated on a festoon of
the dorsal shield, The claws are in four pairs, similar to those of
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the adult, and rather long. The tail is long, extended, and com-
posed of five unequal annulations ; it is generally semi-flexed on the
abdomen and hid among the claws. On the four superior rings of
the tail are situated four pairs of long slender appendages. They
are attached to the rings by joints, similar to those of the true
claws. At a short distance from the basal joint these organs
branch into two long slender branches, which extend nearly one third
as long again as the tail; hence the posterior part of the body has
a very bushy appearance. The termination of the tail is formed of
two small fan-shaped expansions, separated by a shallow notch.”

Couch gives a figure of the larval Palinurus in profile, which is as
fictitious as his description. It is evident from the description, that
he mistook the thorax of the larva for the abdomen, and regarded the
true rudimentary abdomen as the last joint of the ““tail.” In his
figure the thorax appears cylindrical instead of flat, and the four
long characteristic thoracic limbs of the Phyllosoma are represented
by four biramous appendages having a filamentous appearance. But
the extraordinary thing is that in the figure, as in the description,
there are four unbranched appendages in front of the four biramous,
attached to the cephalic portion of the larva which Couch mis-
took for the cephalothorax. Since, in reality, there is only one
elongated articulated appendage in front of the four biramous,
namely, the second maxilliped, and as the rest of the oral append-
ages are quite small and visible only under a lens, it is extremely
difficult to understand how Couch invented his figure. It is possible
that he supposed all the long appendages that he saw, four pairs, to
be on one side, those of the other side being invisible ; in this way
he may have reached his conclusion that there were eight pairs of
limbs in all, four claws on the ““ body *’ and four slender appendages
on the tail. However this may be, this first description is quite
worthless, and there is no reference in it to Phyllosoma.

In the Report of the same Society for the following year, 1844,
there is a second paper on the Metamorphosis of Decapod Orustacea,
but all that it contains concerning Palinuwrus is that the young had
been examined again with the same results as before.

In the Report of the Meeting of the British Association in 1857
there is a short paper by R. Q. Couch, entitled On the Embryo State of
Palinurus vulgaris. The description of the larva there given is much
more correct than that previously published by the same observer.
It runs thus :—* The carapace is globular, oval, slightly pointed or
produced both at the anterior and posterior margin, and also slightly
contracted anteriorly, so as to give the appearance of a rostrum.
The abdomen is moderately long, and from four of the six annu-
lations of which it is composed arise eight pairs of tendril-like

NEW SERIES.—VOL. II, NO, II. 12
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appendages. These tendrils are long, slender, and dichotomous.
Their double character commences at the third joint; for the
remainder of their length they are nearly equal, and are covered with
strongly marked spines; their termination is pointed. The caundal
extremity is simple, contracted, pointed, and somewhat oval ; on the
centre of the rostrum is a dark spot; the eyes are placed on
enormously long and stoutly club-shaped peduncles, which are
attached by very narrow and slender points. The pedunculated eyes
are about two-thirds as long as the carapace. The contrast between
the young of the present species and others is very great. In them
the eyes are sessile ; in this enormously pedunculated. In them the
limbs are beneath the carapace; in this they are attached to what,
for clearness, I have called the abdominal rings. Instead, therefore,
of belonging to the genus Zoe, this would be placed in Phyllosoma
of Milne Edwards, as belonging to the Stomapodes.”

Here, then, although it is evident Couch did not know much of
the morphology of Crustacea, we have a great improvement on his
former description. He evidently means to describe four pairs of
biramous appendages ; he mentions the long peduncles of the eyes,
and the median eye (dark spot he calls it) on the rostrum. In this
paper the comparison of the larva of Palinurus with Phyllosoma is
made for the first time, although the importance of the comparison
remained to be developed by men who understood the structure of
Crustaceans better than Couch. In the British Association Report
no figures accompany Couch’s paper, but it is reprinted in the
Natural History Review, vol. iv, 1857, with a plate (pl. xvii). On
this plate is given a figure of the Palinurus larva from the ventral
aspect. The figure is recognisable, though not very accurate. It
gives fairly well the general shape of the body, the eyes, antenns,
and four pairs of long thoracic appendages. But the shape of the
thorax is incorrect, as also that of the appendages, especially of the
exopodites, while the appendages in front of the third maxilliped
are entirely wanting from this figure and the rest of the plate.

In a Report on the Progress of Emtomology in the Archiv f.
Naturgeschichte, 1858, Gersticker speaks of the similarity of Couch’s
figure of the Palinurus larva with Phyllosoma, but does not mention
that Couch made the comparison himself,

Independently of Couch, Gerbe in 1858 made the observation
that the newly hatched larva of Palinurus had the characters of the
genus Phyllosoma. Gerbe’s studies were made at the Laboratory of
Concarneau in Brittany, and were briefly described by Coste in the
Comptes Rendus of 1858. Coste’s publication was not accompanied
by figures, but stated that Gerbe would be able, from material sup-
plied by the aquaria of Concarneau, to publish at a future time a
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- full account of the metamorphoses of Palinurus, an object which
has never yet been realised either by Gerbe or anyone else.

In 1863 Claus, in an account of observations made at Messina
(Zeit. f. wiss. Zool.), described the embryo of Palinurus before
hatching, and compared it with young Phyllosomata captured in
the sea. He found differences in this comparison which appeared
to him inexplicable on the view that Phyllosoma was the larva of
the Palinuride. Spence Bate also came forward to oppose the
correctness of the conclusions of Couch and Gerbe, in a paper in the
Ann. and Mag. Nat. Hist., ser. 4, vol. ii.

Dohrn, however, in 1870 (Zeit. f. wiss. Zool.) published an im-
portant confirmation of the identity suggested by Couch and Gerbe.
He gives a description of the development of Seyllarus in the egg,
and of the newly hatched larva, which he shows to be identical
with the smallest Phyllosoma obtained by Claus from the sea. He
shows that the second maxilla gets smaller during the end of the
embryonic period, while the first maxilliped disappears altogether
before hatching. The second antenna is much shorter than the first,

In the embryo of Palinurus, at an early stage, the second antenna
is longer than the first ; the second maxilla is biramous, the inner
branch smaller than the outer. The first maxilliped is at first
distinctly biramous, but the branching disappears ; the appendage
becomes simple, but does not disappear as in Scyllarus. The abdo-
men is rounded at the end, and the last pair of appendages is indi-
cated. In the embryo, when ready to hatch, Dohrn states that the
first maxilliped is quite short and thick, and appears to have a pro-
minence near the base, which probably developes later into a bran-
chial plate. Dohrn gives no figure nor further description of the
hatched larva.

In 1873 Ferd. Richters published in the same Zeitschrift a paper
containing the results of a critical examination of a large collection
of specimens of Phyllosoma from the Hamburg Museum. Richters
has shown by tracing successive stages in his specimens, and com.
paring them with the observations of Claus and Dohrn, that all
those Phyllosomes which possess the following three characters
belong to the genus Palinurus, which is distinguished from the other
genera of its family, such as Seyllarus, by having long, cylindrical,
multiarticulate second antenns, whereas the others have short,
flat, broad second antennz with few segments. The three distin-
guishing characters of the Palinurus Phyllosomes are—

(I) The second antenns are longer than the first in the earliest
stages, and later on always remain cylindrical ; while in the Seyllarus
Phyllosomes the second antenna are in the earliest stages much
shorter than the first, and soon become broad and flat,
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(2) The abdomen is sharply marked off from the thorax, being
much narrower at its base than the latter.

(8) The articulation of the thorax with the abdomen is on the
same level with the origin of the last pair of thoracic limbs.

Thus Richters shows that the forms which Milne Kdwards
distingunished as Phyllosomes ordinaires are the larvee of Palinurus,
or genera belonging to the Palinurus division of the Loricata.

But here we come upon a point which requires elucidation.
Richters states that the first maxilliped is completely wanting in the
youngest larvee of the Palinurus series ; he points out that Dohrn
himself describes a reduction of the first maxilliped as having taken
place in the embryo almost ready to hatch, and then says that this
last stump also, without doubt, disappears, since in the youngest
Palinurus Phyllosomes which he examined no trace of this appendage
was to be discovered.

The last publication I have to refer to is Spence Bate’s Report on
the Decapoda macrura collected by the ‘° Challenger.”” That author
says concerning the larvee of Palinurus, that it has been found
impossible to keep them alive in aquaria any time after hatching,
and that although, no doubt, there are large numbers of these larvae
in the sea off our south-west coast, only solitary specimens of the
Phyllosoma form have been occasionally taken. Spence Bate does
not figure the hatched larva of our common Palinurus, the true
Phyllosoma, but gives instead a figure of the nearly ripe embryo
taken from the egg, and this is by no means perfectly similar to the
free larva. With regard to the question of the first maxilliped
Spence Bates’ descriptions throw no light upon it, as he does not go
into the details of the oral appendages in his specimens. He -was
not apparently acquainted with Richters’ paper, for he attributes to
Palinurus, a specimen of Phyllosoma having the characteristics
of those larvae which Richters has shown to belong in all pro-
bability to Ibacus or Paribacus, or, at all events, to develop into
forms with short, flat antennse.

We find then, from the above survey of the literature that
although it is clear that Palinurus vulgaris iz developed from a
Phyllosoma, no single figure or detailed description of any larval
stage, known certainly to belong to this species, has been published
except those of Couch, which are unsatisfactory. Claus has
published figures of Phyllosomes taken at Messina, the smallest of
which Dohrn proved afterwards to be identical with the larva of
Seyllarus arctus, now called Aretus wrsus, which also occurs, though
rarely, in the neighbourhood of Plymouth. The newly hatched
larva of Palinurus has been obtained in aquaria several times, e.g.
by Gerbe at Concarneau, by Dohrn at Messina, and by Alfred Lloyd
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at the Crystal Palace. But no correct figure of it is in existence,
nor have its later stages been described. I now proceed to the
description of my own observations.

2. Observations on the Larva of Palinurus vulgaris,

In July, 1889, a large number of larve were hatched from a
berried crayfish in one of our tanks at the Plymouth Laboratory,and
I preserved some hundreds of these, but did not then study them.
This year, on the 9th July, when I was working a large net made
of mosquito netting at the surface, a little to the north of the Eddy-
stone, I obtained a number of Phyllosomes of different sizes and
stages, On the 16th I obtained a still larger number in the same
net to the south of the Eddystone. Hitherto they have only been
very rarely taken on the south coast of England, and then, according
to Spence Bate, only solitary specimens. The reason of this seems
to be merely that suitable nets have not been used in the right
place at the right time of year. These larvee apparently do not
occur near shore, for we have never taken them before in our
ordinary tow-nets worked within a mile or two of the coast. At
any rate it is interesting to find that some hundreds may be taken
in about an hour in the neighbourhood of the Eddystone in July,
with a net whose meshes are about 2 mm. in diameter, and whose
mouth is 8 feet by 6 feet in area. On the two occasions on which
I obtained the larves, I captured them only when towing the net at
the surface, not when it was sunk to some depth.

The newly hatched larva of Palinurus is 3'1 mm. in length from
the anterior border of the cephalon to the posterior extremity of
the abdomen. The second antenna is almost, but not quite, as long
as the first, and neither of them is divided into joints. The thorax
is provided with four pairs of very much elongated appendages,
namely, the third maxilliped and the first, second, and third ambu-
latory limbs or pereiopods. These appendages all have six joints,
and from the end of the second joint springs an exopodite consisting
of a larger number of short joints, and fringed with long feather-like
bristles. The exopodite of the third pereiopod is not completely
developed, having slight indications of one or two joints and no
bristles. Of the oral appendages, the mandibles and first maxille
are fully developed and functional; the second maxilla is rather
large and foliaceous, and extends away from the median line; the
first maxilliped is not wanting, but rudimentary, being represented
by a simple, small, but distinct conical stump. The second maxilli-
ped is a slender six-jointed appendage, not extending beyond the
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cephalon, and destitute of even the rudiment of an exopodite. The
fourth and fifth pereiopoda are not yet developed, but represented
by two minute rounded buds on either side of the root of the abdo-
men. The abdomen is without developed appendages, but the
sixth pair of pleopods is indicated already by a slight rounded out-
growth on each side of the telson. The termination of the telson
is truncated, without the slightest trace of bifurcation (Pl VIII).
Among the Phyllosomes I obtained from the sea there are all
sizes and stages, from the newly-hatched stage just described, up to
one 7 mm. long, which is the largest and most developed I have
yet obtained. The developments that have taken place at this
stage are as follows :—The second antenna is now a little, but not
much longer than the first. Two basal joints have been differentiated
in the first antenna, and from the end of the second has grown out
a simple process, the commencement of the internal filament. One
nodal division is also visible in the basal portion of the second
antenna. The exopodite has began to sprout out from the second
joint of the second maxilliped, but the rudimentary stump of the
first maxilliped, and the rest of the oral appendages, are quite un-
changed. The exopodite of the third pereiopod is fully developed,
and the fourth and fifth pairs of pereiopoda have developed con-
siderably, the fourth being biramous and almost as long as the
abdomen, the fifth still simple and somewhat shorter. The pleopods
of the abdomen are considerably developed. The sixth pair or
gswimmerets are of some length and distinetly biramous, while the
four preceding pairs are also visible, and each commencing to divide
into exopodite and endopodite. No appendage is developed at all
on the first abdominal segment. The cephalic shield which, in the
newly-hatched stage, covered only the second maxilliped, leaving all
the rest of the thorax with its appendages free, now extends back
50 as to cover the origin and base of the third maxilliped (PIl. IX).
There can be no doubt at all that the Phyllosomes I have obtained
belong to Palinwrus vulgaris ; Dohrn’s and Richters’ investigations
have shown clearly that the larvee of Secyllarus can be distingnished
from those of Palinurus at all stages, and Scyllarus arctus (Arctus
ursus) is the only other species of the family which occurs near
Plymouth, and this form is very rare. It becomes possible, there-
fore, to identify the Phyllosoma larvee of Palinurus vulgaris if they
have been sufficiently described or figured in previous literature.
It is not possible to identify satisfactorily the forms described by
Milne Edwards and Richters ; they come from distant coasts, such
as those of Africa, Asia, and New Guinea. However, it may be
mentioned that Richters is very possibly wrong in stating that the
first maxilliped was wanting in his youngest Palinurine form, 7 mm.



DEVELOPMENT OF PALINURUS VULGARIS. 149

in length, since his figure of the appendages in this form is not
conclusive, but suggests the idea that he has figured the rudimentary
first maxilliped and mistaken it for the second maxilla.

It is more interesting to note that of the stages obtained and
figured by Claus at Messina, while the oldest and youngest belong
to Seyllarus, all the others, that is all those figured on Z. f. w. Z.,
Bd. xiii, pl. xxvi, are stages in the development of Palinurus vul-
garts. The youngest of these stages is described as 4 mm. long,
and therefore has not long been hatched. It agrees, except in one
or two very minute details, due, I think, to slight mistakes in draw-
ing, with the newly hatched larva I have described, and, above all,
both in the description and figure of Claus, the first maxilliped is
represented as a short papilla-like process, exactly similar to that
in my specimens. Claus figures and describes two other stages,
which also I identify as belonging to Palinurus vulgaris; one of
these is 14 mm. long, the other 21 mm. ; both, therefore, older
than the oldest of my specimens. In the former, the thorax extends
back over the third maxilliped in the older stage (21 mm.), still
further, covering the base of the first pereiopod. In this oldest
stage of Claus the antenns have almost acquired the adult form,
and the fourth and fifth pereiopoda are longer than the abdomen,
although the fifth is still destitute of exopodite. In both these
older stages the first maxilliped has congiderably developed, consist-
ing of a long cylindrical appendage borne on a short stump.

Thus it is evident that the Phyllosoma of Palinurus vulgaris
reaches a length of more than 21 mm. before it begins to lose the
characteristic flattened form of the larva. The smallest Palinurus
observed by Richters was 25 mm., or 1 inch in length, and had all
the characters of the adult. The later stages of transition between
the Phyllosoma and the young Palinurus have still to be discovered.

I hoped to obtain stages later than those I have here described,
but unfortunately the weather during the latter half of July and the
whole of August was persistently stormy, and it was impossible to
collect in the open sea. In September I resumed my expeditions,
but obtained no more Phyllosomes.



DESCRIPTION OF PLATES VIII AND IX,

Tllustrating Mr, Cunningham’s paper ¢ On the Development of
Palinurus vulgaris, the Rock Lobster or Sea Crayfish.””

PLATE VI1L

Fig. 1.—Newly hatched larva of Palinurus vulgaris; ventral surface, magnified 19
diameters. From a specimen hatched in the Aquarium, July, 1889,

PLATE IX.

F1a. 2.—Phyllosoma stage of Palinuris vulgaris, 7 mm. long, taken in large tow-net
south of Eddystone, July 16th, 1891. The Roman figures in this and the preceding figure
indicate the appendages (excluding the eye-stalks), numbered from the first antenna
backwards. i

F1e. 3.—The oral appendages of a larva 4'5 mm. long. w. 7. Upper labinm. 2,7, Left
half of lower labium. md. Mandible. 1 me. First maxilla. 2 ma. Second maxilla.
1 map. First maxilliped.
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The Reproduction and Growth of the Pilchard.

By

J. T. Canningham. M.A.

With Plate X,

IN my paper on the Reproduction of Hishes occurring at
Plymouth, published in this Journal, vol. i, p. 10, 1889, I identified
as the egg of the pilchard, a pelagic egg commonly found in the
tow-net in summer, and distingunished by three obvious characters,
namely : (1) an unusually large perivitelline space; (2) a single
large oil-globule in the vitellus; (8) a completely subdivided
yolk. I also stated that ripe spawning pilchards occurred off
Plymouth between June and October, but always at some distance
from land, being usually taken in mackerel nets worked to the south
of the Eddystone. My identification of the egg, taken in the sea,
was founded upon a comparison between it and the eggs pressed
from the ripe but dead female pilchards obtained from mackerel
fishermen. The latter eggs were already dead, and did not float,
but sank in sea water, but they possessed a single oil-globule, and
the yolk in them consisted of a number of yolk-spheres. The large
perivitelline space was absent, because it is only formed when living
eggs are extrnded info sea water.

Raffaele had previously described two kinds of pelagic eggs
found at Naples, which he recognised, from their divided yolk and
the characters of the larve hatched from them, as belonging to
some species of Clupeoid. The larger of these eggs he attributed
to Olupea pilchardus, but did not give his reasons. This egg is in
all respects similar to that identified as belonging to the pilchard by
myself at Plymouth. It is well known that the sardine of the
French coast and of the Mediterranean is the same species of fish as
the pilchard of Devon and Cornwall.

The natural history of the sardine has been investigated in recent
years by two distinguished zoologists in France, namely, by Professor
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G- Pouchet, who iz Director of a marine laboratory at Concarneau,
on the coast of Brittany, and by Professor Marion, who has a similar
laboratory at Marseilles,

The first publication in which Pouchet mentions the mature egg
of the sardine is a note in the Comptes Rendus of the French
Académie des Sciences, tome cix, No. 3 (July 15th, 1889). He
states there that the sardine de rogue is a young sardine which is
not yet full grown, and which has not yet spawned ; while the sardine
de dérive is alone adult, and alone sometimes contains mature ova.
The explanation of these French terms, applied to sardines of
different sizes on the French coast, is as follows :-—Rogue is the
name given by the French fishermen to a preparation of cods’ roe
which they throw into the water as a bait to attract the sardines.
After the bait is thrown overboard a seine is shot round the place,
and the sardines thus enclosed. Sardines de rogue are thus sardines
caught by means of rogue and seine. Dérive, on the other hand,
means drift, and sardines de dérive are those caught in drift-nets.

Pouchet proceeds to briefly describe the ripe ova taken from large
sardines. He says they measure 120 to 1°30 mm. in diameter;
that they are transparent, heavier than sea water, and in the latter
fall rapidly to the bottom. He says that there is little probability
that the fertilized egg would behave differently, although some have
supposed that it does. In any case, he says, he and his colleagues
have never found this egg at the surface of the sea in the Bay of
Concarneau. According to the same paper the vitelline membrane
of the sardine’s egg is smooth at its outer surface, but on its
inner surface presents a reticulation of projecting ridges. The mem-
brane consists of two layers, an external very thin and very re-
fringent, and an internal thicker layer. The vitellus is granular
and filled entirely with clear spheres, and with a single oil-globule
of a pinkish colour. The paper concludes by insisting that the
irregularity in the condition of the ovaries in the sardines de rogue
indicates that the reproduction of the species is not subject to the
influence of the seasons, but, like the greater part of the existence
of the species, is carried in waters whose temperatures are nearly
constant, that is in regions beyond the reach of man.

It is evident that, apart from the vitelline membrane, Pouchet does
not differ from me as to the structure of the ripe egg of the pilchard ;
and as he has never seen the fertilized egg, it is somewhat hazardous
on his part to argue that it does not float. The note above cited
was published subsequently both to my paper and Raffaele’s, so that it
must be presumed that Pouchet attaches little weight to our evidence.

In his Report on the Concarneau Laboratory for 1889 presented to
the French Minister of Public Instruction, and reprinted in the
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Journal d’Anatomie et de Physiologie, December, 1890, Pouchet
again discusses the history of the sardine. He refers to the note I
have criticised above, saying that in it he made known for the first
time the ripe egg of the sardine. The assertion is the more sur-
prising because in a note on the same page he refers to my paper
published in this Journal in March, 1889, four months before his
own, and containing both a description and figure of the ripe ovum
taken from the fish. In this foot-note Pouchet remarks that I made
no reference to the structure of the vitelline membrane, which alone
could justify an identification of the egg. He refers to a detfailed
description of the ripe ovarian egg by M. Biétrix, one of his assist-
ants, printed as an appendix to the Report. But strange to say
M. Biétrix does not confirm Pouchet’s results as to the peculiarities
of the vitelline membrane. He finds, it is true, that the membrane
consists of two layers, but he states that the ridges on the internal
face of the membrane are not always present, and when present are
very variable in appearance ; they are generally present when the
egg is taken from the ovary and disappear a few minutes afterwards.
M. Biétrix thinks that these markings are perhaps due to an altera-
tion of the membrane, the eggs having only been examined in
sardines captured several hours before, and in a bad state of pre-
servation. It is evident, therefore, that no importance in respect
to identification is to be attributed to the vitelline membrane of the
egg of the sardine. On the other hand, M. Biétrix, like Pouchet
himself, fully confirms my description of the yolk and the single
oil-globule.

Pouchet’s most recent utterance on this subject is a note in the
Comptes Rendus, dated April 6th, 1891. He tells us there that he
has only twice in three years been able to observe ripe female sar-
dines ready to spawn, namely May 29th, 1888, and April 3rd, 1890.
It is evident, therefore, that Pouchet has not had many opportuni-
ties for studying the subject, the reason probably being that there
is no fishing at Concarneau capable of capturing adult sardines,
and carried on at a sufficient distance from the shore.

Professor Marion, at Marseilles, has published his observations on
the sardine in the Annales du Musée de Marseille, 1890 and 1891.
He finds that adult sardines are present in the Gulf of Marseilles all
the year round. The sexual organs show no signs of enlargement
till the beginning of October, and ripe specimens are seen from
December till March, while some shoals have not spawned till the
beginning of May. This result is in harmony with mine, for it is
not surprising that the sardine should spawn in winter and spring
in the warm waters of the Mediterranean, while it spawns in summer
at Plymouth, and in both regions it appears that the spawning
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period is prolonged over five or six months, thongh the majority of
the fish spawn within two months. Marion squeezed the ripe eggs
from the fish into sea-water ; the eggs on leaving the ovary were
1'3 to 1'4 mm. in diameter, but after being in the water some hours
the great perivitelline space had been formed, and the eggs were
1'7 to 1'8 mm. in diameter, although they did not float. He
remarks that this is no proof that eggs perfectly healthy, living
and fertilized, do not float, while the vast perivitelline space estab-
lishes a great resemblance with the eggs attributed to the sardine,
being a rare character in buoyant eggs. Marion also obtained in
the Gulf floating eggs of the kind assigned by Raffaele and myself
to the sardine, and found them only at the time of year when the
sardines were ripe. Marion figures the egg and the larva hatched
from it, pointing out that the latter is undoubtedly a clupeoid larva,

In the course of the past summer I made an attempt to finally set
at rest the question of the pilchard egg by obtaining healthy fertilised
ova from the parent fish by artificial fertilization. With this object
I went out in a mackerel boat on June 21st, and on June 22nd the
nets were shot about twenty miles to the south of the Eddystone,
that is nearly thirty miles from the coast. When the nets were
hauled I obtained in all about fifty ripe pilchards from them, but to
my disappointment found there was not a single male among them.
Probably the explanation of this is that the meshes of the net were
rather large, and that the males are not quite so swollen when ripe
as the females, and were, therefore, not retained. It must be pointed
out that these ripe pilchards are not meshed by the gills in a mackerel
net as the mackerels are, but are meshed round the abdomen, which
is greatly distended by the swollen ovaries. Pilchard nets are never,
so far as I know, used off Plymouth so far out at sea as spawning
pilchards are found. In fact, very little pilchard fishing is carried
on in June and July, and when it is recommenced in August and
September it is carried on almost exclusively inside the Eddystone.
(See Mr. Roach’s records of pilchard fishing, this Journal, vol. i,
p. 388.) :

However, I squeezed some ripe eggs from the living female fish
I obtained into a bottle of clean sea-water without delay, and when
I examined them in the Laboratory a few hours afterwards I had the
satisfaction of finding nearly all of them floating at the surface.
These floating eggs were in all respects similar to the eggs identified
as pilchard eggs obtained in the tow-net from the sea; they were
- perfectly transparent, the yolk in them consisted, not of yolk-spheres
as in the dead ova from the ovary, but of polygonal masses, that is
of yolk-spheres made polygonal by mutual pressure, as in the eggs
obtained from the sea, the large oil-globule was present and the
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great perivitelline space was formed. These eggs measured 1-2, 1°36,
1'45 mm. in diameter, that is, the perivitelline space was not quite so
large as in fertilised eggs, but this is not surprising. The experiment
proves conclusively that the ripe eggs of the pilchard, when pressed
from the parent fish immediately it is captured, do actually float in
sea water, become transparent, and develop a large perivitelline
space.

Professor Pouchet makes an appeal to his Government to provide
a suitable ship in order to discover where the sardine passes its
existence when away from the coast, and reproduces its kind. He
thinks the objects of the search would be found within 200 or 300
miles from the shore. He rejects the results of Marion’s observa-
tions at Margeilles, because what is true for the sardine of the
Mediterranean does not apply to the oceanic sardine. But, as Marion
points out, the mode of reproduction of the sardine has been made
known at Plymouth, and the conditions cannot be so very different
a few miles off at Concarneau.

2. Growth.—The sardine of the Mediterranean is not so large as
our pilchard or the sardine of the west coast of France—the oceanic
sardine, as Pouchet aptly callsit. At Marseilles the adult sardines
are 15 cm. to 18 cm. in length, or 6 to 7% inches. Pouchet finds
that the sardines de dérive attain a maximum of 25 cm. or even a
little more, that is they are from 93 to 10 inches long. The ripe
spawning pilchards which I obtained this summer did not vary much
from 24 cm. or 93 inches.

At Marseilles and Nice the alevins or fry of the sardine are
captured for the market, as whitebait, the fry of the herring and
sprat, are in England. The sardines remain and are captured in the
Gulf of Marseilles during the whole of the first year of their life, and
Marion finds from examination of specimens at various times of the
year that they increase in length 1 cm. per month. The fishermen
of Nice give special names to the successive stages in the development
of the sardine, thus the young fish from 2 to 4 centimetres long with-
out the silvery layer in the skin are called poutino nudo, while at
a little larger size, 4 to 5 centimetres, when they have acquired the
silvery livery they are called poutino wvestido. When still larger
they are called Palailla and Sardinettes. Marion concludes that
poutines which are 8 or 4 cm. long (1:2—1+6 in.) in March grow to
a length of 12 or 13 em. (4'7—>5'1 in.) by the following December.
These fish were spawned in February, and by the following February
according to Marion they are 14 or 15 cm. long, and therefore, it
would be supposed, ready to spawn themselves. Professor Marion
does not express any opinion on this point, but it would certainly
appear from his conclusions as to the rate of growth that the
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sardine at Marseilles begins to spawn when it is one year old,
although it probably does not reach the maximum size of 18 cm.
(7% in.)) till it is at least two years old.

At present we have scarcely any evidence as to the growth of
the pilchard or oceanic sardine. Pouchet tells us that the smallest
sardine he has hitherto obtained was 9'8 cm. in length or 39
inches, and he thinks this was about six months old. At Plymouth
T have not yet obtained the young of the pilchard at various suc-
cessive stages. Our fishermen never seem to catch pilchards so
small, and, therefore, presumably, so young as the fish taken for the
sardine industry on the French coast. I believe this difference is
due chiefly to the character of the nets used, the drift-nets at
Plymouth having too large a mesh to retain the young fish. How-
ever I believe I have obtained some of the very early stages of the
young pilchard. The specimens I refer to were taken in the same
hauls of the large tow-net as the Phyllosoma I have described in
another paper, that is to say they were obtained at the surface on
July 9th and July 16th, about two miles north and south of the Eddy-
stone. I have figured three of these specimens illustrating different
stages of development. The smallest and youngest stage repre-
sented in fig. 1 is 85 mm. in length ; the larval membranous
fin is still present along the dorsal edge and behind the anus ven-
trally, the permanent dorsal fin is beginning to develope and a
symmetrical larval tail fin is present supported by slender rays.
All the figures have been drawn from preserved specimens mounted
in Canada balsam, and this is the reason of their somewhat rough
character, the mounted specimens having lost the transparency and
sharpness of detail seen in living fish-larvee. The notochord in
the stage shown in fig. 1 is a large and conspicuous structure.
Fig. 2 represents a slightly more advanced stage in which the
development of the fin-rays of the dorsal fin is more pronounced, and
there is an indication of the permanent candal fin-rays on the ventral
gide of the notochord in the tail. The actual size of the speci-
men from which this figure was drawn is 11°5 mm. The specimen
represented in fig. 3 is 2'4 cm. long, and is in the same stage as
the fish called at Nice poutino nudo. All trace of the primordial
fin-membrane has disappeared, and the permanent fin-rays are
almost completely developed in the dorsal fin, ventral fin, and
caundal fin. The pelvic fins have also appeared ; the pectorals are
present in the earlier stages, but in this stage are larger, and their
fin-rays are beginning to develop. The dorsal fin at this stage is
some distance behind the pelvie, while in the adult its anterior ex-
tremity is in front of the pelvic.

That these young clupeoids are not herring larvas is proved by
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two facts, first that the herring at Plymouth spawns in January, and
second that the herring larva is 9 mm. long, larger than the earliest
stage above described, even before the yolk-sac is absorbed. But
it is more difficult to prove that they cannot be sprat larvee. Sprat
eggs occur most plentifully in the tow-net gatherings in January,
February, and March, and I have taken only solitary specimens as
late as the beginning of May. On the other hand pilchard ova were
plentiful in tow-net gatherings taken outside the Eddystone in June,
and the earlier stages above described are certainly not more than a
fortnight or three weeks old, while the oldest stage is probably four
or five weeks.

DESCRIPTION OF PLATE X,

Tlustrating Mr. Cunningham’s paper on “ The Reproduction and
Growth of the Pilchard.”

d.f. Dorsal fin. no. Notochord. pe.f. Pectoral fin. pv.f. Pelvic fin.
F1a. 1.—Larva, probably of pilchard, 8'5 mm. long.

Fia. 2.—Older larva, 11'5 mm. long,

F1e. 3.—Later stage, 2'4 cm. long.
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The Distribution of Crystallogobius Nilssonii.

By

J. T. Cunningham, M.A.

WaeN trawling with a small beam trawl on July 9th last, a
couple of miles north of the Eddystone, I obtained a large number
of specimens of a fish which was quite unfamiliar to me. I found it
was Orystallogobius Nilssonii. The chief characters distinguishing
the species are the presence of only two rays in the anterior dorsal
fin of the male, and the almost complete absence of this fin and of
the pelvic fins in the female. The adult male is 44 cm. long, the
female about 8 em. When alive the fish is very translucent, and it
is entirely destitute of scales. The species was first described by
Diiben and Koren in 1844 from half a dozen specimens taken near
Bergen. Robert Collett has well described it in the Proceedings
of the Zoological Society for 1878, having taken twenty-eight speci-
mens at about 30 fathoms in the Christiania Fjord in the years
1875—1877. Only forty-five specimens altogether had been taken
off the south and west coast of Norway at the time when Collett wrote.
I captured 201 specimens in a single haul of the trawl, 188 of which
were female and 13 male. Nearly all were adult, the eggs being
visible through the integuments in the female. A few not quite full
grown are included among the 188 reckoned as female, and some
of these may prove on closer examination to be young males. In
any case the excess of females is very great.

The species has already been included in the British fauna by
Day, a single specimen having been taken by Edward in a rock
pool at Banff. After I had identified my specimens, I received a
copy of a paper by Mr. E. W. L. Holt (Proc. Roy. Dublin Soc.,
February, 1891), announcing that he obtained many specimens of
the same species in Ballinskelligs Bay at a depth of 30 fathoms on
the 21st August, 1890. It is evident, therefore, that the species,
hitherto supposed to belong chiefly to Scandinavia, is common
enough in certain localities on the British and Irish coast. The
depth where my specimens were obtained was about 28 fathoms, the
bottom, sand. The shrimp-trawl I was using was lined with
mosquito-netting for the express purpose of catching small and young
fish,



159

Physical Investigations.

PRELIMINARY PAPER.

By
H. N. Dickson, F.R.S.E.

With Plate XI.

Ir may be taken for granted that, apart from its purely scientific
value, a knowledge of the physical conditions affecting the waters
of the sea has been shown to throw considerable light on many im-
portant economical questions. In its bearing on fish and fisheries,
the inquiry may be said to have reached a point where it is conclu-
sively shown that there is a problem to solve.

In a report of the Herring Committee of the Scottish Meteoro-
logical Society we find the following stated as preliminary re-
sults :—“Tf, during the herring season, there be a district where,
from any cause, the temperature of the sea is lower than in sur-
rounding districts, the catch of herrings is heavier in that district ;
and conversely if there be a district where, from any cause, the
temperature of the sea is higher than in surrounding districts, in
that district the catch of herrings isless. Among the causes which
bring about a local increase or decrease of sea temperature, the chief
are clouded or clear skies in respective districts, according as these
occur during the day or during the night.

“The above refers to local fluctuations of temperature during the
fishing season, when the temperature of the sea is high., It appears
from the observations of past years that the herring seasons have
closed about the time when the temperature of the sea in its annual
fall has fallen generally to 54-5° F. It is of importance to ascer-
tain how far this relation exists from year to year and in different
districts,

¢ Another important point is the relation of surface temperature
to bottom temperature, and the relations of the deepest parts of the
sea to the positions of the fishing-grounds. It is found, for in-
stance, that when the surface temperature is high—higher than
lower down—the fish, if any can be caught, strike the nets far

NEW SERIES.—VOL. II, NO, II. 13
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down in such a way as to lead to the supposition that a good deal
of failure may often arise from the nets not going deep enough.
The fish prefer, apparently, so far as the inquiry has gone, the lower
to the higher temperature.’’*

Again, in summarising the results of physical investigations
carried out for the Fishery Board for Scotland, Dr. John Gibson
says, “1 am not sure that the observations already made do not
even now point to a connection between the presence of Atlantic
water in the Moray Firth as a condition of successful inshore
herring fishing. In the summer of 1883, when surface Atlantic
water filled the Moray Firth, the inshore herring fishings in this
firth are reported to have been unusunally productive ; while, on the
other hand, in the summer of 1886, when water from the bottom of
the North Sea filled the firth, during the month of August at any
rate, it is reported that more than one half of the entire season’s
catch in the inshore waters was made during one single week, and
that all the rest of the season these inshore waters were compara-
tively unproductive.”’t

That this opinion is general is shown by the extensive physical
investigations carried on by the German Government, both by
means of coast stations and exploring expeditions, such as those of
the “ Pommerania’f and the ¢ Drache,”§ by the Norwegian
Government, and by the U.S. Commission of Fish and Fisheries, the
last named being about to publish an extensive series of observations
of temperature and density on the Atlantic seaboard.

So far, however, the problem has only been stated ; it has been
shown that a more or less indirect relation exists between the
physical and meteorological conditions affecting any particular
region of the sea, and the quantity and quality of the fish to be
caught in that region. Further, it has been shown that two methods
of investigation give the most promising results :—(1) Continuous
observations of temperature at fixed stations extending over a con-
siderable period of time; and (2) Expeditions making a rapid
survey of a certain area at intervals; the distribution of temperature
being observed, and samples of water collected for subsequent exa-
mination.

These facts ascertained and defined, it remains at present to
increase as far as possible, in either or both of the above-mentioned
directions, the material for discussion.

In organising, at the request of the Director, a section for physical

* Journ. Scott. Met. Soc., 1876, vol. v, p. 30.

+ Report of the Fishery Board for Scotland, 1888, p. 471.

I Jahresbericht der Commission zu Wissenschaftlichen Untersuchung der deutschen
Meere in Kiel, 1872-8, Berlin, 1875,

§ Ergebnisse der Untersuchungsfahrten der Drache, Berlin, 1886,
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work under the auspices of the Association, I have been chiefly
guided by these considerations, and the work has divided itself into
two separate investigations:—(1) The collection and discussion of
existing observations, especially those of surface temperature ; and
(2) An inquiry into the physical conditions obtaining in the English
Channel generally, and specially in the local fishing-grounds, by ob-
servations of temperature, examination of water samples, &c.

Through the kindness of the Meteorological Council, access has
been obtained to all the records of surface temperature stored in the
Meteorological Office. Part of the material has already been handed
over to me, and a beginning has been made with its reduction and
discussion. This work is necessarily laborious, and some time must
elapse before any results can be presented for publication.

The difficulties in the way of commencing practical work were
considerable. The steam launch belonging to the Associationis use-
less for sounding outside the harbour except under unusnally favour-
able conditions. I accordingly made an application to the Govern-
ment Grant Committee of the Royal Society for the sum of £100, to
pay hires of steam tugs for trips across the Channel at intervals.
This application was granted. The unusually bad weather of the past
summer, and the comparatively small amount of time at my disposal
for research, have unfortunately prevented more than one trip being
made, the results of which are given below.

The methods of marine physical investigation are now sufficiently
well known to makeit unnecessary to describein detail the instruments
and apparatus used. Temperature observations are made with
Negretti and Zambra's reversing thermometer, in the Scottish
frame,* and samples collected by Mill’s self-locking water-bottle.t
Where surface observations only are made, a sample of water is
obtained in a wooden bucket, the temperature being taken by means
of an ordinary thermometer, and the sample transferred to a glass
bottle. All thermometers used have been verified by repeated
comparison with a Kew standard belonging to the Association, and
in most cases the instruments have Kew certificates in addition.
Every care has been takenthroughout to keep the errors of tempera-
ture observations within 0°1° F.

As the samples collected are at once brought to the Laboratory
and their examination proceeded with, it has not been thought neces-
sary to take special precautions in sealing the bottles. Winchester
quarts of the ordinary type are used, note being made that the
stoppers are well ground in each case.

Determinations of density have been made in the first place with

# Proc. Roy. Soc. Edin,, xii, p. 928,
+ Mill, ibid., 1856, vol. xiii, pp. 539—546.
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an hydrometer of the ‘ Challenger ’’* type, kindly presented to the
Association by J. Y. Buchanan, Esq., F.R.S. This instrument
weighs i wacuo 1506897 grammes, and is furnished with seven
brass weights varying from 0-3102 gr. to 40100 gr., giving for each
sample of water at any temperature at least two distinet determina-
tions. The constants of the instrument have been carefully determined
twice at temperatures varying from 5° C. to 30° C., and the maximum
probable error has been found to be 000005, a result agreeing with
that arrived at by Mill.+ ;

The want of a sufficiently delicate and reliable balance made the
further examination of samples at first almost impossible. Through
the kindness of Messrs. Balkwill, chemists, Plymouth, we now have
access to an instrument giving results reliable to 0'1 mgrm. ; and
recently Prof. A. M. Worthington, of the Naval Engineering College,
Devonport, has lent to the Laboratory a balance capable of weighing
100 gr. to within 1'0 mgrm. While we are unable to carry out
analyses with the high precision reached, for example, in Dr. Gibson’s
work for the Scottish Fishery Board, we may now hope to make
determinations sufficiently accurate to be of considerable value. The
first object aimed at is to obtain determinations of density by means of
the modified form of Sprengel’s pyknometer.f In the hydrometer
determinations given, the densities are reduced to 15:56° C. com-
pared with distilled water at its maximum density point by Dittmar’s
tables.§ These tables, however, can only be safely used where the
sample approaches the standard density of 102600 at 15:56° C. 1In
all other cases determinations made with Sprengel tubes filled in
melting ice are much to be preferred.

In the more strictly chemical work I have had the advantage of
the co-operation of Mr. F. Hughes, the Chemist of the Association.
The alkalinities of all the samples already collected have been
determined by the usual methods with a fair degree of accuracy,
and considerable progress has been made with estimation of the
amounts of chlorine. I have thought it best to defer publication of
the chlorine results until more progress has been made with the
densities.

Table I gives the results of observations made in a trip on
g8, “ Deerhound ” in the Channel in June last. On June 15th a
line was taken from Bolt Head to a point west of Hanois Light,
and thence to St. Peter’s Port, Guernsey; on June 16th from
Guernsey to St. Catherine’s in the Isle of Wight; and on June 17th

# Challenger Reports, Narrafive, vol. ii, pt. 2.

+ Proc. Roy. Soc. Edin., xiii, p. 35.

I Report of the Fishery Board for Scotland, 1887, p. 336.
§ Challenger Reports, Physics and Chemistry, vol. i, p. 70.
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from Anvil Point back to Bolt Head (see Plate XI). Column 1 gives
the laboratory number of each sample of water; columns 2 and 3,
the date and hour ; columns 4 and 5, the position and depth of the
sounding ; column 6, state of the tide ; 7 and 8, direction and force of
the wind ; 9, weather at the time of observation ; 10, temperature of
the air as ascertained by a sling thermometer; 11, depth of obser-
vation ; 12, the temperature (corrected) at that depth; 13 and 14,
the densibies, referred to 4° C., at 15°56° C., and n situ. Column 15
shows the density at 0° C. referred to distilled water at 0° C., as
determined by the Sprengel tubes; and column 16 the alkalinity.

The values given in column 13 are the means of at least three
double determinations, and may be taken as accurate to + 3 in the
fifth place of decimals. The reductions, as before stated, have all
been effected by means of Dittmar’s tables; and as the deviations
from standard water are in most cases very small, it is improbable
that additional error has been introduced.

The numbers in column 15 are the means of at least two deter-
minations in each case, and may be taken as correct within + 2 in
the fifth place.

The alkalinities have in great part been estimated twice, and are
subject to an actual error not exceeding unity, the relative error
being probably considerably less.

Table II gives extra observations of surface temperature, taken
at intervals of about half an hour. The positions are given with
reference to the sounding stations I, II, III, &c., as in Table I.

The route followed in the trips under consideration was chosen
simply with the view of finding the most promising fields of inves-
tigation. I hope under more favourable conditions to repeat the
observations in various parts of the Channel at intervals of two or
three months, If this could be done regularly for several seasons
we cannot doubt that a good deal of light would be thrown on
variations of climate on different parts of our coasts, as well as on
the distribution of fish at different periods.

Any general discussion of the observations made in June last is
of course useless until material for comparison has been obtained,
but a few noticeable features may be pointed out. It appears in
the first place that the water in the area surveyed is extremely
uniform. The densities at 15'56° C. show but little variation, the
highest values, 1'02618 and 102612 at surface, and 1:02625 and
1:02612 at bottom, occurring at stations ITa and VIII; and the
lowest, 1:02588 at surface and 1:02582 at bottom, at station X, off
St. Catherine’s. The mean density is practically that of normal
sea water, both at surface and bottom, except off St. Catherine’s.

The alkalinities also show great uniformity, varying only between
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51 and 53, and the surface and bottom samples for each station
showing no marked differences. The highest values are found for
samples taken down Channel and on the southern side, a decrease
being observed in Start Bay and along the coast to the eastwards.

At a depth of 10 fathoms a distribution of temperature is found
which remains practically unaltered at all stations until the bottom
is reached ; even in the case of station VII the temperature at 73
fathoms is only 0-2° F. lower than that at 10 fathoms, At these
depths the highest temperatures are found off the English coast
east of the Bill of Portland, and again in the neighbourhood of the
Channel Islands, colder water occurring in mid-Channel at stations
II, ITa, and IIT, and VII and VIII, and between Start Point and the
Bill of Portland, where the minimum of 50'6° F. is reached, the
isothermals curving into Start Bay and turning south again.

On the surface the distribution of temperature is peculiar; and
although the observations here are very much more numerous, less
weight can be attached to their results on account of the action of wind.
It is to be noted that on the first day of the cruise the wind was south-
westerly, light, freshening, and veering a little towards evening, till
at 2 a.m. next morning it was blowing hard from about west. After
daybreak the force greatly diminished, and the wind gradually veered
to north-west and died away altogether. On the third day the wind
was westerly and extremely light, dying away to a calm at times.

Wherever undisturbed by land influences, the line between
stations I and IV may be said to show a uniform temperature at
the surface of 53'7° F. Further up Channel, 4. e. between stations
VI, VII, VIII, and IX, a lower temperature is found, varying irre-
gularly at the time of observation between 52° F. and 53° F.; and
this colder surface water seems to extend at any rate round the
island of Guernsey. In the area covered by stations IX, X, XTI, and
XII a temperature between 53° F. and 54° F. is found, rising as
we approach Poole Bay to about 55° F.

In the region between Start Point and the Bill of Portland a
totally different distribution occurs. We find here the highest tempe-
ratures of the whole cruise, rising suddenly 2°as the Bill of Portland
is passed, and slowly increasing thereafter till the maximum of 57° F.
is reached off Beer Head. A sudden drop to below 52° is observed
over the Skerries off Dartmouth Harbour. Soundings XIIT and
XIV show that the layer of warmer water is quite superficial, the
temperature falling to 51'9° F. at 6 fathoms in XIII, and to 50°9° F.
at 8 fathoms in XIV. Tt may be noted that extra samples, No. 42
and No. 45, show no change in the density at 15-56°. With regard
to column 14, densities in situ, we have of course simply the results
of the distribution of temperature, with the small variations of
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column 13. On the bottom the highest values are obtained in
mid-Channel and in Start Bay, decreasing slightly on the southern
coast, and more markedly to the east of the Bill of Portland. On
the surface, again, the highest values are found at stations Ila and
VIII, and on the southern side; and the lowest off the English
coast, those to the east of the Bill of Portland being due to differ-
ences in the water, those to the west to differences of temperature.

The results snggested by these observations may be summarised
as follows :

(1) The waters of the Channel are subject to a peculiar circula-
tion, the nature of which cannot be determined without more ex-
tended investigation.

(2) The distribution of temperature in Start Bay demands special
investigation. In this area we find the highest surface temperatures
and the lowest bottom temperatures, the warm surface layer being
about 6 fathoms in thickness, while at the same time there is no
change in the composition of the water. In Start Bay we have a
notedly good trawling-ground, and this confirms the result obtained
off the east coast of Scotland by Dr. Gibson as already quoted, and
again by myself,* viz. that where we have true oceanic waters, un-
mixed with estuarine or river waters, subject to special temperature
conditions due to the presence of land or other causes, we find
favourable conditions for successful fishing. This result seems to be
to some extent borne out by observations on the Dogger Bank
fishing-grounds.

What these temperature conditions actually are must be shown
by investigation. The preliminary trip in the Channel indicates
that more numerous and detailed temperature observations must be
made over a large area, and that the samples collected need not be
so numerous, but must in all cases be subjected to a rigorous exa-
mination of the greatest attainable accuracy.

In conclusion, I may say that the material discussed in my paper
already quoted seems to me exceptionally valuable in the inquiry in
hand. Observations of surface temperature taken regularly on the
fishing-grounds by fishermen afford data of extreme interest even
when great accuracy is not attempted. I have tried to initiate such
observations amongst the local fishermen on these coasts, so far,
unfortunately, without much success. The Association will be glad
to supply instruments and books to any fisherman or seaman on any
part of the coast who will take such observations.

During the winter months I hope also to investigate the conditions
of local estuarine waters in relation to fisheries.

* Journ. Scott, Met. Soc.,” 1889, vol. viii, No. 6, p. 332.
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TasLe IT.—Surface Temperatures.

Date. Hour. Position. Temperature.
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4.20 ¢. Off Dartmouth , = 541 [
4.50 d. Off Beeson ., : 526
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5,10 7 NE 2% . T 524
6.10 XV, Bolt Head N.N. E. . 1% miles 535 |
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Notes on Meteorological Observations at Plymouth.

By

H. N. Dickson, F.R.S.E.

TuE meteorological observations at Plymouth Navigation School,
carried on for a period of more than twenty-six years by Dr. J.
Merrifield, ceased on his death in June last. It seemed desirable
that Plymouth should not he without an observing station, and as
the Association was undertaking other work of a similar nature it
was decided to begin observations on the scale of a station of the
second order.

Mr. W. V. Merrifield, into whose hands the instruments passed
on his father’s death, kindly offered to lend a set of thermometers
and sunshine recorder. The barometer used by Dr. Merrifield is
the property of the Meteorological Council, who have transferred
the instrument temporarily to the hands of the Association until
another instrument can be acquired.

The ground behind the Laboratory, being almost enclosed by the
walls of the Citadel, was obviously unsuitable for the exposure of
meteorological instruments. Application was accordingly made to
the municipal authorities of Plymouth for permission to erect a
thermometer screen and to expose a rain gauge on the enclosed
ground behind the public lavatory on the Hoe. This permission
was granted by the Hoe Committee, and an exceptionally good
exposure has been obtained close to the Laboratory.

In order to make the observations as generally useful as possible,
copies are regularly supplied to the following:—(1) The Meteoro-
logical Office, weekly and monthly Reports. (2) The Royal
Meteorological Society, monthly Reports. (3) The Medical
Officer of Health, fortnightly Reports. (4) Western Morning
News, daily Report and monthly Summary.

The sheets are issued from the Laboratory with all corrections
made, and summed and averaged. The following is a list of the
elements observed and calculated :—Atmospheric pressure. Tempe-
rature : Dry bulb, Wet bulb, Maximum, Minimum, Dew-point.
—Pressure of vapour—Relative humidity, Wind : Direction, Force
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(Beaufort Scale). Cloud: Form, Amount (0—10). Rainfall.
Sunshine. Ozone (0—10).

The barometer is of marine pattern (B. T. 59), reading to *002 in.,
and hangs in an unused room with a north light. The height
of the cistern above mean sea level at Devonport Dockyard is 1259
feet, as ascertained by levels from Ordnance datum mark, executed
by Plymouth Borough Engineer. The reduction of observations to
sea level is effected by tables specially supplied by the Meteoro-
logical Office.

The thermometers are exposed in a Stevenson screen of the
usual pattern, open below. A complete duplicate set of thermo-
meters is kept in readiness in case of accident. Observations are
made with Negretti and Zambra’s ozone tests, the papers being
hung in the Stevenson screen.

The rain gauge is of Meteorological Office pattern, with circular
rim 8 inches in diameter. Height of rim above ground 0'62 foot,
above mean sea level 117-7 feet.

The Campbell-Stokes sunshine recorder is placed on the roof of
the Laboratory, at the point where the eye observations of wind,
cloud, and weather are made. The instrument fits into a frame
mounted on an adjustable stage, so that it can be removed and re-
placed without further adjustment. The place of observation is in
lat. 50°21" 49” N., long. 4° 8 21” W., as determined by measure-
ments from the dial on the Breakwater, of which the position is
accurately laid down on the chart.

The hours of observation are 9 a.m. and 9 p.m. local time, or
9 h. 16'5 m. Greenwich time. It was found impossible to take
regular daily observations with greater frequency.

The ordinary routine work was begun on September 1st, and a
table showing the means for the month is appended to these notes.

Mr. Merrifield has been kind enough to give me access to his
father’s meteorological records, and I hope to be able to discuss
them fully in a future number of the Journal. In the meantime a
few of the more obvious results may be of interest.

The position of the observing station was in lat. 50° 22’ 25" N,,
long. 4° 7 16:5” W. From the commencement of the observations
the instruments were 90 feet above mean sea level up to July, 1873.
They were then removed to a new position, cistern of barometer
69 feet above mean sea level ; rain gauge 9 feet 2 inches above
the ground. The hour of observation was 8 a.m. till 1887, when it
was changed to 9 a.m.
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Atmospheric Pressure.

The mean pressures, reduced to 32° F. and sea level (for the
twenty-six years, 1865—1890), are as follows :

Mean pressure, Monthly
am. range.

January . : . 29956 inches 1'455 inch.
February . 5 . 29980 1270,
March . : . 20941 1:258 ,,
April ., 5 : . 28RS 1094 ,,
May . . . . (29968 ;, 0898 ,,
June . 4 > . 8300024 -,, {1 frf S
July . : 3 . 20nyn = 0762 ,,
August A i . agngh o761
September . 5 . 29975 0927 ,,
October . s . 29924 1 kA GRS
November . : . 29926 1-257 ,,
December . ! v 2gaho 1:27%
Means . . 29957 1:076 .,

The maximum pressure thus occurs in June, and the minimum in
October and November. The month of greatest range is January ;
that of least, August. The highest recorded reading, 50952 inches,
occurs in January, 1882 ; and the lowest, 28:418 inches, in December,
1876. The highest monthly mean, 30:347 inches, is that for January,
1880 ; and the lowest, 29-422 inches that for December, 1876. It
should be noted that for the reductions to sea level the tables supplied
by the Meteorological Office have been employed.

For purposes of comparison I have taken the means for the
fifteen years, 1870—1884, and beside these are placed means for the
same years from Falmouth Observatory, the last named being ex-
tracted from the  Challenger >’ Report on Atmospheric Circulation,®
and reduced to sea level by means of the table given in ‘ Instructions
in the Use of Meteorological Instruments,” issued by the Meteoro-
logical Office.

Plymouth. Falmonth. Differences.

January . . 5 . 29991 T 30003 --012
February . : 5 . 29944 29-946 ~+002
March 5 3 - . 29970 445 29-979 T —-009
April . - . 5 . 29-880 29-896 --016
May . g . . . 30013 e 30°025 ~+012
June . : : - . 29986 30°002 —-016
July . 5 : 5 . 29-968 29'983 -017
August ] 5 - . 29962 29977 —--015
September . . 3 2 2OORL sy 29962 -+001
October . . 5 . 29899 29'915 —-016
November . . : . 29-897 29'908 "=-011
December . ; - . 29943 s 29-959 —016
Means . . 29'951 29'963 —012

* Voyage of H.M.S. “Challenger,” Physics and Chemistry, ii, pt. 5.



174 NOTES ON METEOROLOGICAL OBSERVATIONS AT PLYMOUTH.

The correction for daily range in the above means for Plymouth
is small, that derived from the Falmouth observations amounting to
+0°003 inch during the month of June. I hope to determine its
amount accurately by a full discussion of Dr. Merrifield’s observa-
tions, supplemented by the readings of a Richard barograph now
recording in the Laboratory.

Temperature.

The mean temperatures given below are calculated from the
readings of maximum and minimum self-registering thermometers
by the formula T.=Min. +K (Max.— Min.), where K has the follow-
ing values :

K. K.
January }0—520 e }0'476
December September
February } 0500 May } 04470
November Aungust
March }0, 485 June }0_ 465
October July

(See title-page of Weekly Weather Report, 1884, Meteorological
Office.)

Mean for Twenty-siw Years, 1865—1890.

January . 419 | June. S ROt November . 464
February . 431 July . . . 626 December . 423
March . 439 August . . 620 e
April . . 492 | September. . 582 L S
May . . 638 October . . Bl'5

Taking the fifteen years 1870—1884 for Plymouth, we may compare
with the same period for Exeter, Babbacombe, Prawle Point,
Dartmoor (Princetown ?), and Bude as give in ‘ Challenger”
Report before quoted, reducing each to sea level by means of the
correction 1° F. for 270 feet.

Stations, Height | yau. | Feb. [Mar. [Apr. |May. | June|Tuly |aug. [Sept. [0ct, ||'N0v, Dee. |Year.
Plymouth . . . . 90 (42'9 43'9145'048'8 53'3i58'8;61'8 62'1;57'6 51"?|46‘41‘42'6 512
Exefer « . . . . 164 41‘1;48‘2_44-'9 488 53‘9!59‘5'63‘4 63‘1i.58'1 514 44'4| 41-2/51°1
Babbacombe . . .| 293 |42-9 441 45'048:3|52'9 58-5/62-0/62358'3 52'4!46'8542'8 514
Prawle Point . . .| 350 43-4?44-3|45'0 481 52-3}57-3 61-1 61'6!58‘5 52-8547-5i43-9 513
Dartmoor . . . .| 1372 |42:1143'144-6/48'952'3 58'0;51‘0 611575 51'445'9&2'4 507
Bade st L 16 (421 43‘4'44‘6 48:3/52'6 57'8_!60'6 61'3|57'7 52'4‘45'9!42'6 508
Falmouth . . . . 211 45‘2i4:5'5|4-5'3 48'8 52'9r58‘1561‘1 61‘7| 58'4(53°4 48‘4545'2 52‘0|,
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From this table it appears that the curve of temperature at Ply-
mouth is of a form intermediate between stations wholly exposed to
the influence of the sea, and stations more inland. Thus on an
average Plymouth is about 1° F. colder than Prawle Point during
the winter months, and during the summer months about 1° F.
warmer. On the other hand, Plymouth is 1-5° F. warmer than
Exeter in winter, and in summer 1'5° colder. In spring and autumn
the temperatures of these stations are almost identical, although it
may be observed that in September the temperature of Plymouth
shows a somewhat greater fall than occurs, e. g., at Babbacombe, a
a phenomenon which, although not fully confirmed by the mean of the
longer period, suggests the influence of the high plateau of Dartmoor
in some peculiar seasons.

Humidity.

The hygrometric conditions are shown by the following readings
of dry and wet bulb thermometers, the values being means for
twenty-six years as before.

Relative

oy We  Dewpom. Pesolwow il
January . 4144 3 404 391 =238 P 92
February . 418 o 40'8 395 i 242 92
March . . 42:3 406 oy 386 *234 87
April . . 482 458 432 279 84
May . . 538 506 475 329 79
June . . 599 563 532 406 79
July . . 623 59-1 5lird 456 vy 82
August . - 61:8 587 565 457 85
September . 572 - 55'5 2 540 o *418 5 89
October . . 804 491 A77 *331 91
November . 451 440 427 274 91
December . 413 40°5 39'5 242 94
Means . 504 485 465 317 87

Winds.
The following table gives the twenty-six years’ average of the

number of days in each month on which the wind blew from a point
in each quadrant.
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Month. N.byE.toE.|E.by 8. to 8. |S. by W. to W.|/W. by N.to N. Calm,

January . . 6 6 10 5 4
February . . 6 5 8 6 3
March . 2 ) 4 7 8 3
April . 9 6 6 6 3
May : 8 8 7 6 2
June . - < 5 o 7 8 3
July . 5 4 5 10 9 3
August : 5 5 9 8 4
September . 6 5 8 6 5
October ; 7 5 i 7 5
November . 5 7, 4 8 7 4
December 6 5 9 6 5
Sums . . : 78 65 96 82 44

Taking the fifteen years 1870—1884 as before, and summing the
values N.E. and K., S.E. and S., 3.W. and W., NN'W. and N., given
in the ¢ Challenger ” Reports, for Falmouth at 8 a.m., we get the
following :

Plymonth. Falmonth.

) i | : ! :

SO \. by E. E. by S, S. by W.|W.by N, N. by E. E. by S.|S. by W./W.by N.
ht:? s bl to}'mw‘l ok | cam. [NioE " o E S stgyww tob}l.q Calm.

|

January . 7 6 10 4 4 4 9 11 7 —
February . 6 6 8 5 3 4 8 11 5 —
March . 9 4 7 8 3 6 6 9 | 10 —
April 9 6 6 6 3 9 5 8 8 —
May . 9 5 7 8 2 9 6 7 9 —
June 4 6 8 9 3 3 ¥ 10 10 -
July 3 5 11 ] 3 3 6 14 8 —
August . 6 5 10 6 4 5 5 12 9 -
September 6 4 8 7 5 4 6 11 9 -
October 8 5 ‘ 7 6 5 4 8 10 9 —
November . 8 d |8 7 3 4 6 11 9 —
| December . 6 5 I 8 7 5 3 6 12 10 —
Sums . 80 60 l 100 82 43 58 78 | 126 I 103 -

These sums for the year for Plymouth are in close agreement with
those for the longer period, and we observe, as compared with
Falmouth, a considerable average of calms, and excess of north-
easterly winds, which again point to the influence of high land as
hinted in the temperature curve.

Rainfall.

The rainfall of Plymouth is an element the discussion of which
raises many problems of the greatest interest, on account of its
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peculiar position with respect to the entrance to the English
Channel and to the high plateau of Dartmoor. The whole question
is well worthy of full investigation. In the meantime one may give
Dr. Merrifield’s observations as they stand.

Averages for Twenty-siz Years ending December, 1890.

Bainy days. Amount in inches.

January . . . . 194 3:965
February . . . 164 2960
March . : - . 140 s 2615
April . - E . 135 i 2-252
May - : A s 12 2 2-140
June - . . . 120 1-892
July E - - . 145 S 2:839
August . 5 . o 1402 - 2680
September . - . 143 A 3692
October . : 5 . 184 3660
November . . . 178 o 3557
December ~ 5 . 184 5 3775

Totals . 5 . 184'5 36-027

The following notes are given by Dr. Merrifield :— The average
-for five years is taken from the Quarterly Weather Report, Meteoro-
logical Office, January to March, 1870 ; rain gauge not used until
January, 1869. In ten years from 1869 to 1878, Mr. Balkwill,
Old Town Street (Plymouth), had 412-05 inches ; Navigation School,
363-19 inches. Hence 1345 per cent. should be added to Navigation
School amounts. In five years from 1870 to 1874 Mr. Balkwill had
196-94 inches ; Navigation School, 171:09, or add 15°11 per cent. to
Navigation School ; Drake’s reservoir, 201-43 inches and 895 rainy
days; Navigation School, 171'09 inches and 865 rainy days. Hence
add 17°73 per cent. rain and 3'47 per cent. number of rainy days
to Navigation School.”

Sunshine.
Dr. Merrifield’s records of the duration of sunshine begin with

the year 1882. 'We have accordingly nine complete years, with
the following results :
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Total sunshine. Percentage

Hrs. Min. of possible.
January . . - . 41 33 5 16
February . . ot i 0 A8 27
March . : : . 180 27 36
April 5 : : . 171 53 42
May : ; ; . 198 25 40
June 5 . . . 202 59 42
July . . - 3BT LT 38
Aupgnel S5 =L =197 62 45
September . 3 . 146 56 39
October . 3 . . 98 25 30
November 3 i o by by 22
December : . . 49 56 5 20
Total . 5 1560 28 33

Whence it appears that on the whole Plymouth enjoys one third
of the possible bright sunshine, the proportion rising to nearly one
half in Angust, and falling to one sixth in January.

The foregoing results are deduced from the averages computed
by Dr. Merrifield, and comparisons have been made only with the
material immediately to hand. They are, however, sufficient to
show the great value of Dr. Merrifield’s records, and of what may
be expected from a full discussion.



Meteorological Observations at M.B.A. Laboratory, Plymouth, September, 1891, 9 a.m. and 9 p.m.

Height of cistern of barometer above mean sea level 12593 feet,

Lat. 50721 49” N. } rain gauge 11767
Long. 4" 821" W. :, ,g 7 ground 062 foot.
oz [BEE= Temperature. o, (pES AL Y ok A 0] R |
o8 |8 nap B g ,;gg amount, | .5 # 22 g | =
gg = E:ﬂg.?: : I it : -';] —i Eé‘: E'Eﬂ Dm_ctmn ||1}:Te:;1 I T 'SJ; 5 | Remarks.
] Q Eg " hull' ; ]mﬁ" Max. | Min, IIJD:::}- % ‘:Efo 9am. | Opm :0—1;! 9am, 9p.m @ I | i
1 | 29-627| 57-7| 658 62 4 560 53°1|'405| 84| S.8.W. S.8.W. 2 |10 0| — | 4 ‘000|G1le in forenoon.
2 | 20°872| 56:2| 55°0| 602 -2 | 547 54:0|'418| 92| S.8.W. Calm 1 | 10 0| 170 1 |-000
3 |29-979| 577 556'2| 61 S H3'8 529/ -402) 83 S.E. S.W. 1 2 1 l10'2'}'_ 6 |'000 Lightning at midnight.
4. | 80-102| 56:7| 518 62'8| 54-7| 53-1| 405 84 S.W. S.W. 2 T 0| 934 4 |-000
5 | 30-198|57°1| 53'3 61-2) 53'8 499|360 77 S.W. S.W. 3 7 0 | 4'61| 5 (000
6 | 30:015| 573! 56- 2| 61'5| 556 552 ‘432! 93 S W.xW, s W.x8,| 4 [ 10 | 10 | 2:73| 6 |'275
7 180°027| 58-2|58'1| 62-1 564 580|482 100, S.8.W. =8.W. 1 [ 10 | 10 | O:71| 7 |025
8 |30:114{60:6/ 581 64:0 57°1 55°9|-449| 85| 8. NE | 2| 0 9|510 6010
9 | 30-092| 64-6| 60°7| 73-4| 55 B/ 5756|474/ 79| E.S5.E., N.E.xN. 1 1 0 |11:05 4 000
10 | 30-093| 656/ 59-9| 73'6! 598/ 55°4(-439) 70| E.N.E. Calm | 1 0 0 |11:51) 2 | -000|
11 | 30:097| 66:6 60'3| 752 53:9| 554|440 68| E.N.E. | E.xN. | 1 0 01110, 1 | ‘000
12 | 30-004| 69-0 62:0| 76:3| 548/ 565|459 65| E.x N. N.E. 1 0 0 |11°17| 4 *000 Faint lunar halo p.m.
13 [29-812 63:5 609 706 GD'Qi 586|494 85| H.S.E. E.N.E. 1k i 4 | 104 6 004
14, | 20-950 57'4i 552 62:6| 63°1 |53:2|414/ 86| KE.S.E. W. 11|10 0| 217 7 |'040/Wind force 7 in afterncon.
15 I30'2(}'9 56:0 534 61°3| 47 HI 51'0|-376| 84 W. Calm | 1 8 918871 'OD2|
16 | 30-351|57-1|55'6| 605/ 48:8| 54:3-422| 90 s, A A [ e e i 8 | 0000] 7 00O Lunar halo p.m.
17 | 30-166| 59-6| 55:6| 626| 55 2 2 57-7| 478 94 WA S5.W. 4 7 110 | 297 5 ‘147|
18 | 30034 60-3| 60-3| 62-3 59‘0! 60-3|523| 100 W. Calm 1 | 10 | 10 | 000 & |*470|
19 1 29995/ 59-4! 594 618 58'4| 594|507 100 S.W. S.x E. 2 | 10 | 10 | 0°00| 6 (270
20 129-823) 55°0| 52+4/ 59-8 525/ 50'0/*361| 83| W.xN. W.N.W,| 2 g 9 3'12| 6 |"194/Wind force 7 at 2 a.m. Bar. min. 5 a.m.
21 | 29-834) 51:6/50°1 58°2 43‘9| 485/:342| 89| W.S.W. N. i 2 | 10 10 | 418 4 |039/Wind N.W,, force 8, at 2.30 p.m.
22 | 29 985| 54:5 514 61°4| 50°9 485|348 80 N. Nzl 2 7 0 | 800 8 |-000
23 i30'160 540 52'5 62-1| 44°6/ 51-2/-378| 90| E.N.E N.N.E. | O 0 0 | 912 § 378 Lunar halo at midnight.
24 g30'166 57'0;57’0 59-2| 6508 570|466 100 S. Calm | 3 | 10 | 10 | 0:08| 7 |° |
25 130°115 57'9. 574 59-4| 56'9 569|465 97 s, S. bl 21 0| 002 6 | OSOI
26 29-931) 574/ 555 62-2/ 656/ 53°7| 415| 88| S.W, W -8 [F100 IO ST=20) ) 000|Wmd S.W,, force 8, from 4 to 6 a.m.
27 |30 140 54-9/52:0 61'9( 520 49'3|-352) 82| W.S.W, A W.B.W. ' 2 8 0| 806 7 | 000/
28 |30 156' 8 ‘.I 66'7 61°1) 45°0 55°3| 437 90| S.8. W, S. |2 8 0| 850 6 000|
29 | 29°950 566 56'0, 59-2| 554 556/ 442| 96| S.8.W SW. |8 [10| 8| 000 8 | 102 Wind 8., foree 7 at 6 a.m.; wind force 7 at 4 p.m.|
30 ‘2.3 8]4—| 57 7| 559 61-2| 47" 7 544/ 424 89| S.x W SSW. | b 8| 0| 817 4 | | 447 Gale Flom midnight till 5 a.m, on 1st.
‘ME““S 30 02f| 58 5 563 63 4 537 54:4| '427| 86°8 193l 'F 4 | 5016 084
Rain on 14 days. Wind.
ggle;::g 'flf“f' N. NE & &B 5 8W. W. NW Cim
¥ o 3 6 5 9 Al 17 10 TRl 5 days.
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Notes on the Herring, Long-Line, and Pilchard Fisheries of Plymouth (continued).

By William Roach,

Associate Member.

I.—Herring.

Date.

1890
Nov,

14
18

19
20

21

25

26

28

Dee.

5

Spring
Ebb

Neap

Ebb in
Sound, flood
outside
Ebb in
Sound,food
at sea
Flood

Ebb

Ebb at sea,

slack water
in Sound
Ebb out-
side, slack
water in

Sound
Ebb

Wind.

N.W.

S.W.

S.W.
W.8.W.

S.W.
N. by E.

E. by N.
8.E.

E.
N.

N.
Fresh

Weather.

Squally

Dull
Mild
Threat-
ening
Fine

Moderate

Stormy

Wet

No. of
boats.

10

30
30

40

20 Sound

boats

hoat.,

300
and under|

100—200!

|

300 |
Very fe wl
2000dn, |
2000 |

500
800

200

100

800

600

|
|
700 ‘

Catch per | Price per
TR

8/0

4/0
4/6

4/5-4/9
3/1-3/5 |

3/4-3(8
3/4-8/6

]

3/6-3/8 |

3/0-3/6
2/9-3/0

2/5

Loceality.

Cawsand Bay

Duke Rock

Rum Bay to E. end of
Breakwater
Rum Bay to Duke Rock
Ditto

E. end of Breakwater to
the Cobbler Buoy
N.W. of Staddon Heights,
East Channel

Taken W. of Staddon
Heights

In East Channel and the
Sound
Different stations in
Sound

Outside Breakwater

Melampus Buoy and
Breakwater Fort

Remarks.

A few nets were put down in Cawsand Bay on the 4th
inst. and overhauled on the 5th inst., and it was found
that a few herrings had arrived. A great many are
getting their boats and nets in readiness for the
approaching season,

If the weather continues fine, with not much rain, there
will soon be an increase in the fishing.

Lurge fish.

Twelve boats with no fish.

Sixty boats went to sea, but owing to the bright moon
only two boats took fish.

Herrings fallen off considerably.

Cawsand boats only taking a few hundred in their

moored nets in Cawsand Bay, took them up and put

08T
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10

11
12

13

16
17
18

20
22

23
24
25
26

27
29

30
31

”

Flood

Flood
Ebb

Ebb

(Black water|

outside

Ebb

2

Flood

E. by 8.

= |

B.

| =

B

=

E.
K., blow-
ing half

a gale

Wet

Gloomy

Fresh |

Gloomy
Fine

Wet

Gloomy
Threat-
ening

Gloomy

2

Fine
Gloomy

Very cold

Very cold

Threat-
ening for
Enow

16
9

20 Sound

3
Drift,
Looe,

50
80

12,000

10,000
10,000
30,000

S000 |

10,000
30,000

8000
20,000

30,000
40,000

down
10,000

20,000
30,000

20,000
15,000

10,000
5000
2000

10,000

5000
3000

20,000
30,000

2/8-2/10 -

3/0 Whitsand Bay
1/8-2/0 S. of Mothecombe
1/3 Whitsand Bay

3/0-3/9 | Between Melampus and
Drake's Island
1/6 East Bay
1/3 West Bay
2/0 Sound
1/3-1/9 |5 to 6 miles S.W. of Bolt
Head
1/8 8. of Mothecombe, 5 to
| 6 miles
10/0 per | Ditto
| 1000
i 1/6-2(3 |S.W. of Bolt Head, from
| there up and down
2/0-2/4 |5 to 6 miles 8, W, of Bolt
Head
1/6-3/0 Various stations
1/1-1/4 |Between Mothecombe and
the Bolt Head, 4 to 5
miles off land
1/0 Off Stoke Point
1/3 Off Stoke Point, Break-
| water Light, 8. of
| Mewstone
0/8-1/0 Various localities
0/8 Off Stoke Point
1/0 Ditto
£2 10s. to | 6 miles 8.E. of Stoke
£3 per last Point
3/0 4 to 5 miles 8. of Stoke
Point
2(10 2 to 3 miles off Stoke
Point
2/0-3/0 |2 to 3 miles S. of Salcombe
2/8-2/10 Ditto

| them in Whitsand Bay, and hauled them next day,
taking from 10,000 to 12,000.

Small boats took their nets and moored them in Whit-
sand Bay, taking from 13,000 to 14,000 per boat.

Fifty boats with only a few fish.

This lot of herrings in the Sound was taken at 8 o'clock,
during low water. Little boats almost sinking with fish.

Sound fishery fallen off considerably. Boats still work-
ing, but taking no fish.

70 per cent. shotten (spent).

The herrings have made no appearance in Sound this
year.

Two boats lost half their fleet of nets on account of

heavy takes.
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Date. Tide. Wind. | Weather. E&;ﬂf Ca‘l'glituﬂ‘ Pﬂlcgoper TLocality. Remarks.
1891
Jan,
1 Ebb E. Threat- 5 12,000 | Full 3/0, Off Mothecombe 60 per cent. shotten.
I ening shotten
! 1/1-2/0
2 5 Fine 30 20,000 | 2/6-3/6 |Off Mothecombe, Break- o |
| water Light, between the {
Mewstone and land
3 W E. Gloomy 10 10,000 | Full 3/1, Same as 2nd inst. | —
shotten 2/0 |
6 [Slack water E. Moderate 40 40,000 Full Between Stoke Point and| —
outside, 3/0-3/6, | Bolt Head, 4 to 8 miles
3 hours ebb shotten off land =
in Sound 1/6-2/0
7 | 1st hour N.E. Cold 30 25,000 | 1/8-2/3 Ditto 70 to 80 per cent. shotten.
flood
8 | 2nd hour o Threat- 20 15,000 | Full 2/0, | From Whitsand Bay to [One or two shoals travelling west.
flood ening shotten 1/6 Bolt Head
. 10 Flood N.E. Fine 20 20,000 | 1/8-2/3 [Between Stoke Point and —_
Bolt Head, 1 to 2 miles
off land
12 | » I Gloomy 10 |20,000dn.| 1/6-2/4 Ditto —
1 5 N. B 30 15,000 | 1/4-2/2 Same as 12th inst. —
14 & I NG Bright 10 20,000 1/5—-1 11 1} miles E. of Stoke |[t is many years ago since such numbers of herrings
Point | have appeared in the East Bay.
15 |[Slack water| K. 5 30 30,000 | 1/5-2/0 | 1 to 3 miles S. of Stoke | -
| Point, from there to
| Bolt Head
16 = Ehbeet i Sl 5 15 10,000 | 1/8-2/0 | 1 to 3 miles S. of Stoke _
. | ' Point
17 o | e 5y 10 10,000 2{0—3}'0 Ditto —
20 = | S.W. | Stormy 6 1000 2/0 8 to 9 miles ountside the -
| Eddystone
26 | e — — 20 400 1/6 In East Bay | ——

281
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for want of it. The conclusion might also be drawn that salted pilebard makes but an indifferent bait.

IT.—Long-Line.

The  Remarks ” show very clearly how much difficulty is experienced in procuring suitable bait, and how this branch of the fishing industry is paralysed

Date.

1890

. Dee.

Tide.

Flood

Flood

Ebb

Flood

Ebb

Wind. iWcat.hcr.‘ Bait. |

N.W.

E.

W.
Ww.

3,
S,

moderate
S.W.

N.E.

N.

Wet

Squally

Gloomy

No, of|

Locality. hektal Conger.
|
| Wi,
Squid | § mile W.of the | 1 3
| Eddystone
I |6 miles S.E, of the 1 3
Mewstone |
Pilchard |6 miles outside the 1 T
Eddystone ]
Squid |1 mile N.W.of they 1| 5
Eddystone
L 3 to 4 miles S.W.| 3 51
of the Bolt Head
Squid | to 13 miles S.E.| 3 4
| of the Eddystone
e g s e
Squid |5 to 6 miles S.H. | 3 3
of Stoke Point
— On East Reites 1) 2
— Outside the 2N
Eddystone
— - 3 3
|
Squid | 7 to 8 miles 8. of | 2 | 14 to
Bolt Head 15
1| b
1 4
3 7 to 8 miles off 4 8
the Bolt Head
2 (4 toh

" LE]

Ling. !klz’::;‘_ Cod. |Pollack.
! IDozeu.i
| 12 | 8 | — [1ldoz
G, it oo gl
1700-800 spur dog-fish, —
| |
12 |1 doz. 2 |2 doz.
5to6|1to2|2to8 |1 to2
| doz.
10to [2t0 3|8 to 4|1 doz.
12 | .
B | (LB R R
7t08[2t04[3to4|5t06
|
12 ol e e
— |8tod| — | —
|
P b | =
6 [2to3| 6 ! =
12 |2tod| 12 | —
9 (2tod| 12 | —

Other
fish.

3 doz.
| bream

2 doz.
bream
1 doz.
bream

Remarks.

Nothing but spur dogs (deanthias)
taken.

Weather extremely bad for long-line
fishing.

Canght 100 spur dog-fish. There are
a great number on the coast just
now.

These boats only shot half their gear
owing to strong wind.

4 to 5 hand-liners, which use 4 lines,
landed 4 ewt. each,
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Date.

Dee. |

16

20

1891
Jan.

12

Feb.

Tide.

Flood

Ebb

Flood

‘Wind.

Weather.

Gloomy

Fine

Gloomy

Bait.

Squid

Squid
and

pilehard

Half
squid half
pilehard

Locality. hNﬂ:";f Conger, | Ling. I:ﬁ‘i:and Cod. |Pollack. %El‘le' Remarks,
cwt. | Dozen.
8 to 10 miles S.W.| 1 9 9 4 12 —_— — —_—
of Falmouth
Outside the 1 51 — 3 | = —_— — | Lost half their gear.
Tddystone |
OfBoltHead | 1| 2 | — | — | — | — | — —
4 to 5miles 8. of | 2 (4t05|3tod| — — — — |Owing to the strong east wind and
Stoke Point 1/6 strong tides, these boats had to
ach shoot their long lines near home.
All the conger run from only 4 to
12 lbs. in weight.
Gto 8 miles S.off 6| 105 | 12 |7to8| — — — |The boat which had the largest catch
the Bolt Head down : had 900 hooks baited with squid
and 500 with pilchard. It is
very difficult for long-liners to
shoot now, owing to the drift-net
fishery, which is carried on all the
week excepting Saturday night.
15 miles SW.of | 1 1} — 4 —_ — — | L000 dog-fish.
Eddystone
Between Start 5 Taken no fish The men say the reason why they
Point and Bolt | took no fish was owing to the
Head, 6 to 7 miles | extreme cold and the strong tides.
off" land | Ome boat lost all its long line.
. This is owing to the drift-nets
becoming entangled in the buoys
| attached to the long lines.
8 to 10 miles S.W.| 2 5 6 |5tob 3 — | _—
of Bolt Head |
1% miles E., W., | 5 3 £2 worth of rays, — — | il
and 8. of the | | skates, ling, and cod |
Eddystone | [
14 miles S.W. of 1 2 | — Rays — _ — | —
Eddystone = | | £1 i

P81
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10
11

14

19

26

Mar.

23

24

25

Flood

Bright
Fine

Gloomy

Bright

| Pilehard

Pilchard

Squid

Pilehard

Squid

Pilchard
and
squid
Salt
pilchard
and squid
Fresh
squid

Salt
squid
14 days

old

Off Falmouth, 7
miles S, of Mew-
stone

} mile N.W, of
Eddystone

4 miles S, W. of
Bolt Head

5 miles 8. W, of
Bolt Head
5 to 6 miles S.W.
of Bolt Head

25 miles 8.W. of
Eddystone

12 to 15 miles
8. W. of Start
Point
10 miles S. of the
Deadman

E. side of the
Eddystone

[

No
conger

3
2

5

10

1
conger

b

2%

12
12 to
24
12

12

12

5 to 6

24

o

w

bo

5to 6

Gtof

6 to 7

If —

These boats have been successful in
obtaining plenty of pilchard bait
(which realised 18/0 per 1000).

Each boat spent 10/0 for bait.

Pilchard sold this day for bait by
auction realised 35/0 per 1000, then
there was not enough for all the
boats, weather being so fine and
fish making good prices.

The bait used had been salted a week.
All other long-liners been in har-
bour for want of bait.

Long-liners received pilchard bait
from Falmouth this evening at|
6 o’clock at a cost of from 25/0 to
30/0 per 1000, caught in moored
nets. These boats have been in
harbour for a week waiting for|
bait, and now they have it the
weather is setting in stormy. The
bait was salted.

Bait been in salt for a fortnight.

Other boats never saw a conger, only
having a few rays.
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IT1.—Pilehards.

If, from the data supplied by Mr. Roach, we make an estimate of the fish landed in each of the four months, the totals come to _he—-
In Oct. 822,750; in Nov. 923,500; in Deec. 4,128,500 ; in Jan. 2,795,000. These figures give a total for the season of 8,169,750 pilchards.

Date. Tide. Wind. Weather. %:-r?nlt.:.r C“ﬁﬁ;s“ PT{E‘&I}'—""T Locality. i Remarks.
1890 !
Oct. | |
8 e S.W. = 30 [4000 to| 11/0 = ! -
5000 |
15 o 8. Fogey | 12 10,000 11/0 = f —
16 — N.W., — — No — — (Too much wind for net-fishing.
strong pilchurds
20 — — S— — —_ = — .
21 Ebb N.W. Fine 15 2000 to | 13/0-15/0| 6 to 8 wiles W. of the —_
3000 | Eddystone
22 5 E. 2 20  [1000 and, 19/0 6 to 8 wiles 8.W. of —_
[ | under | Rame Head
23 o o1 (B4 = 500 | /0 per 100 Ditto —
| |
24, - Ww. S 20 2000 | 16/0 |6 to 12 miles W. of the -
| | Eddystone
31 Flood W. | Squally L2 R TON 0N S 15 0 10 to 15 miles W. of the —
i | Eddystone
Nl’.‘\l’. ! { |
10 5 S.W. | Bright 3 | 15,000 | 21/0 |5 to 6 miles S.S.W. of the|Very large fish.
| Rame Head
i1 " 8. Wet 50 | 4000 20/0 |4 to 6 miles 8. and S.W./Each boat had a few herrings ; also several hundred of
| | of Penlee Point half-grown mackerel.
17 Strong S.E, | Dall 20 | 2000 | 14/0 |3 to 4 miles 8.S.W. of the el
moderate| | | Eddystone
19 Ebb S.W. Mild 10 | 10,000 13/0 14 miles N.W. of Eddy- —
| stone, from there up and
. | down | '
20 Ebb W.S.W. | Threat- 20 | 20,000 11/0-11/6| 5 miles 8. W, of Rame | —
ening Head, from there inside
| the Eddystone
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21
22

25

26

28

20

=

10
11

12

13

16
17

18

23

Dec.

Neap

Flood

Sound, flood,
| outside |

Ebb in |
Sound, flood|

at sea |
Flood for aj
| short: timc!:-

Flood

L2

Ebb

Slack water
outside

S.W.

Ww.

|E. by N.

N.E.

E.,

Fine

Moderate

Ebbin |N.by E.| .,

|
Stormy

Verycold

showers |

of small
sleet

=

= =

E.

Gloomy

Fine

Wet
Threat-
ening

Gloomy

Fine

20

10

20

10

GO

20
20

30

b
50,000 | 11/0-12/0

10,000 | 13/0
5000 @ 12/6-13/0
5000 and 13/0
under
2000 to 13/0
3000
|
5000 to i 120
6000
—_ ! 13/0-14/0
i | _
| 30,000 | 14/0-15/0
' 10,000 16/0
20,000 12/0
10,000 | 11/6-12/0
10,000 11/0
20,000 | 10/0-12/0
20,000 12/0
30,000 —
10,000 12/0

11/0-12/0 | 2 males inside the Kddy-

stone
3 miles 8.85.W. of Rame
Head

Eddystone
Ditto
Between Penlee and
Eddystone
Ditto

Ditto

Ditto

10 miles outside the
Eddystone

8 to 10 miles S. of
Plymonth

5 to 6 miles S.E, of
Eddystone

[ 7 to 8 miles S. of Mew-

| stone, from there in and

| outside the Eddystone

7 to 8 miles 8. of Mew-

stone
N.W. of the Eddystone
Various localities

7 to 8 miles S. of Mew-
stone, from there S,
and W.

N.E. of Eddystone

Between Rame Head and

Taken at 1 o’clock in the morning, after the moon went
down.

Fifty boats without fish.

Large quantity of boats only a few hundred fish.
They were sold to the pilchard curers, and sent by
vessels to Cornwall.

Several boats came back again owing to the strong wind.

The west country buyers will not take these fish because
they were caught on Sunday.
Owing to there being no seine pilchards in the west,

present. All large boats came back again.

Owing to the strong east wind fish going to deeper
water ; largest catches outside the Eddystone.

These boats have taken 60,000 to 70,000 small mackerel
in their pilchard and herring nets.

4000 to 5000 small mackerel in their pilehard-nets.

there is a good demand for the drift pilchards here at|
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Date. Tide, Wind. Weather.
Dec. (e e
24 Ebb E. Gloomy
29 — o -
1801
Jan.
2 Ebb B, Fine
3 » E. Gloomy
6 |Slack water E. Moderatc
outside,
3 hours ebb
in Sound
7 1st hour N.E Cold
flood
8 | 2nd hour S. Threat-
flood ening
10 Flood N.E. Fine
13 — N. Gloomy
14 Flood N. Bright
156 |Slack water E. 3%
16 Ebb E. 5
26 — —_
28 —_— —_ —_—

Shar [ousie | riieye Toslty.
6 2000 to 120 2 to 8 miles inside the
3000 Eddystone
20 25,000 | 10/0-12/0 4 to 8 miles 8.E. of
Eddystone
15 | 25,000 | 6/0-8/0 Ditto
20 70,000 | 6/0-10/0 | 6 to 10 miles S.E, of
Eddystone
7 20,000 10/0 Ditto
8 20,000 10/0 (15 to 20 miles 8. of P. H.
Harbour
10 10,000 | 8/0-10/0 | 8 to 10 miles S.E. of
Eddystone
5 6000 12/0 Ditto
5 6000 11/0 8 to 10 miles 8.5.E. of
Eddystone
8 5000 12/0 8 to 9 miles 8.8.E. of
Eddystone
5 4000 12/6 Ditto

Bemarks.

Owing to the prevailing east wind, the pilchards have
fallen off considerably during the last few months.

A large quantity of small mackerel taken in the pilchard-
nets (but nomne in herring-nets), 4000 to 5000 down ;
sold at 2/0 to 8/0 per 100.
Almost all boats in harbour.

Some of these boats, having 2000 to 6000 small mackerel,
sold at 2/0 to 2/6 per 100.

2000 to 4000 small mackerel, sold at 3/0 per 100. There
were never so many small mackerel taken before in
this locality.

One boat, 10,000 small mackerel, sold at 3/0 to 5/0 per
100.

Several thousands of small mackerel, sold at 2/0 per 100.

Pilchard season is now finished, and the buyers have
stopped curing. There are fwo or three boats trying
still. They catch bait for long-liners. Not nearly
s0 many pilehards taken this year as last.

Both pilchard and herring boats now commence fishing
mackerel.
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Note on a British Cephalopod—Illex eblanz (Ball).

By

William E. Hoyle.
Keeper of the Manchester Museum.

A smorr time ago I received from my friend Mr. J. T. Cunningham
a Cephalopod which had been taken by a trawler in the neighbour-
hood of Plymouth, with the remark that it appeared to fit well with
the description of Ommastrephes eblana (Ball) as given by Forbes
and Hanley,* and that it undoubtedly belonged to the genus Illex of
Steenstrup.

I have compared the specimen with all the examples of the genus
Illex at my disposal, and satisfied myself that Mr. Cunningham’s
surmise was correct; and since this species has generally been referred
to the category of forms inadequately described,i I have much
pleasure in acceding to the suggestion that I should contribute a few
notes upon it to this Journal.

That the Cephalopod belongs to the genus Illex was at once
obvious from (1) the smooth siphuncular recess, (2) the absence of
fixing pads and cushions at the base of the tentacular club, and (3)
the absence of a membranous wing on the third pair of arms.
Two species of this genus have been hitherto described, Illex coindets
(= Ommastrephes sagittatus, avctorum plurimorum) from the Mediter-
ranean, and Illex illecebrosus from the American coast. Both these
have the horny ring of the large tentacular suckers either smooth
or with broad truncated teeth, and the small suckers at the end of
the tentacular club arranged in eight rows.] In the example from
Plymouth the horny ring of the large tentacular suckers is armed
with acute teeth, separated by interspaces broader than the bases of
the teeth themselves, and the terminal tentacular suckers are in four
(rather irregular) rows.

On referring to the definition of Ommastrephes eblans as given

# Brit. Moll., iv, p. 235, 1853.

+ Steenstrup, Ommatostrephagtige Bleksprutter, p. 97 (27); Hoyle, ““Challenger ”
Cephalopoda, p. 33.

1 Steenstrup, loc. cit., p. 91 (21).
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by Forbes and Hanley, we find it distinguished from O. sagittatus
(Illes coindeti) by two characters : (1) body elongated in the latter,
proportionately short in the former ; (2) terminal tentacular suckers
in many (about eight) rows in the latter, in four rows in the former ;
(3) the fin of 0. sagittatus is rhomboidal, of O. eblanz more
elliptical. The character first mentioned is not specific but sexual,
as may be seen from Verany’s beautiful figures of the Mediterranean
form ; * whilst as regards the two latter, the Plymouth specimen
agrees with the description of 0. eblana.

& AR OC e,
( Q\_x\ Q_h_ SRR YA NS AT
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F16. 1L.—Ventral arms of Illex eblane, to show the hectocotylisation.

Among the specimens with which I have been able to compare it
are two Irish examples, labelled Ommastrephes eblanz, and pre-
sumably named by comparison with Ball’s type, which I understand
still exists in the museum of Trinity College, Dublin.t

It resembles these in all essential characters, and hence there can
be no doubt that it belongs to the species which we must now call
Illez: eblanz (Ball), whose synonymy and definition will be as
follows :—

Tuiex EBLANZE (Ball).

1841, Lorieo EBIANE, Ball. Proc. Roy. Irish Acad., vol. i, p. 363, figs. 1—7.

1849, — —  Gray. Brit. Mus, Cat., p. 65.

1853. AMMASTREPHES EBLANE, Forbes and Hanley. Brit. Moll,, vol. iv,
p- 235, pl. sss, fig. 2.

1856. Lorieo EBLANE, Thompson. Nat. Hist. Ireland, vol. iv, p. 270.

1880, AMMASTREPHES EBLANE, OSteenstrup,  Ommatostrephagtige Blek-
sprutter, Oversigt k. Dansk. Vid. Selsk.
Forhandl., p. 97 (27).

Fin very broadly rounded, sub-elliptical (see figs. 2, 3) ; tentacular

# Moll. médit., Céph., pls. xxxi, xxxii, 1851,

+ Since the above was in type my friend Dr. Scharff, to whom I am indebted for much
help regarding the Irish specimens,informs me that he has compared my description of the
Plymouth specimen sent to him for the purpose with Ball's type. “This has,” he says,
““ been very much knocked about, and could not be taken out of the bottle. It is a much
smaller specimen, . . . and . ., . the fin was more elongated in the type,” but
that otherwise the description fitted.



NOTE ON A BRITISH CEPHALOPOD. 191

club with the central suckers about four times as great in diameter
as the laterals, and provided with very acute teeth, separated by
interspaces somewhat larger than the breadth of the tooth at its
base ; terminal suckers in four rows.

Habitat.—Britain : Dublin Bay (Ball), Antrim (Museum of
Science and Art, Dublin, fide Scharff) ; North Sea (Captain Gray) ;
Plymouth (Marine Biological Laboratory) ; Mediterranean : Naples
(Zoological Station).

Among the material examined were four males, which exhibited
the interesting form of hectocotylisation I now propose to describe

EPERCSE

el

F1a, 2.—Fin of Iilex eblane.

(see fig. 1). - The alteration affects both arms symmetrically in
their basal portions, but the right arm only is modified to the tip.
About 2 em. from the base of each arm, instead of a sucker, isa
flattened bract-like appendage, growing out from a broad base. Its
distal margin is slightly notched, and at the inner extremity bears a
sharp tooth ; at the outer margin it carves into the general surface
of the arm. On the outer side of the oval surface of the arm this
appendage is succeeded by three similar ones, gradually decreasing
in gize. On the inner margin of the arm, alternating with them,
are three conical teeth, also directed towards the tip of the arm.
The points of all these teeth are tough, and feel almost cartilaginous.
Beyond this the left arm presents the normal arrangement of suckers,
but the right arm has only two suckers placed near the inner
margin ; on the outer margin is a series of conical tubercles, ex-
NEW SERIES.—VOT. II, NO. II. L5
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tending the whole way to the tip and gradually diminishing in size.
The inner margin is occupied by a series of slight swellings, some
of the proximal ones of which look as though suckers had fallen
from them.

F1@. 3.—Fin of Illex coindeti.

The series of four males which I have examined exhibit some
interesting facts regarding the development of these structures.
The above description is taken from a specimen about 27 cm. in
length (excluding the tentacles) ; in a somewhat smaller one, 20 cm.
in length, the bract-like appendages are smaller and (except the
basal one) shelter suckers beneath them: the suckers extend on the
outer margin of the arm nearly halfway along it, and on the inner
margin along three quarters of its length before they give place
to the conical or rounded prominences.

In two still smaller specimens (about 10 cm. long) both series of
suckers ave present up to the tips of the arms, and the bract-like
appendages are just beginning to appear at the bases of from three
to five proximal suckers. It would appear, therefore, that on these
hectocotylised arms suckers are normally developed, and then
gradually disappear as the animal approaches maturity.
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NOTES AND MEMORANDA.

On the Occurrence of the Nudibranch Hancockia at Plymouth.—I am
glad to be able to record a second English specimen of this inte-
resting form. It was dredged, apparently on Delesseria, in Plymouth
Sound, about halfway between Drake’s Island and the west end of
the Breakwater, on August 20th, 1891.

Mr. A. R. Hunt, the original discoverer of Hancockia, dredged a
single example in Tor Bay in August, 1877. . This was described
by Mr. Gosse under the name Hancockia eudactylota (Annals and
Mag. of Nat. Hist., Ser. 4, vol. xx, 1877).

In January, 1885, four specimens, representing two closely allied
forms, were taken near Naples, and described by Prof. Trinchese
(Ricerche Anatomiche sul Genere Goria, 1886). He defined the
genus Goria, apparently in ignorance of Gosse’s paper, including
his forms under two species, G. rubra and G. viridis.

The Plymouth specimen is about a quarter of an inch in length
when extended. This is only half the length of Mr. Hunt’s speci-
men and of Prof. Trinchese’s Goria rubra.

It is of a dark claret colour, very similar to that of the Delesseria
on which it lived.

The epidermis of the upper sarface, seen by reflected light, is of
a delicate bluish-green hue, as in Hancockia eudactylota (Gosse, loc.
cit., p. 317).

There are four pairs of pleuropodial processes, with a rudiment of
a fifth on the left side.

In its other characters, this specimen is apparently intermediate
between H. eudactylota and Goria rubra.

In the number of processes of the oral veil (four on each side),
in the form of the rhinophoral sheaths, and in the absence of the
white spots which Trinchese has described, it agrees with Hancockia
and differs from Goria rubra.

In the absence of rudimentary oral processes described by Gosse
between the well-developed ones, in the presence of a more or less
circular pigment patch at the base of the pleuropodial expansions,
and especially in the form of the latter, it agrees with Goria rubra
and differs from Hancockia. '
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More specimens, however, are required to settle the relations of
these interesting forms.—F. W. GauprLE.

Saphenia mirabilis, Haeckel.—In the same haul of the large tow-net
in which the Phyllosoma elsewhere described were taken on the
night of July 16th I captured a large number, some hundreds, of
small Medusze of a single species. These proved on examination to
be the Goodsiria mirabilis of Strethill Wright, described and figured
by him in a paper in the Edinburgh Philosophical Journal, vol. Ixvii,
1859. The species has been placed by Haeckel (System der Me-
dusen, Jena, 1879) in Hschscholtz’s genus Saphenia, of which two
other species only have been described. No other observer than
Strethill Wright has recorded or described Saphena mirabilis, and
he took only three specimens near Queensferry in the Firth of Forth.
Strethill Wright’s specimens were about an inch in diameter ; those
taken near the Eddystone were not so large, the largest being only
about 12 mm. The species, however, is certainly the same ; 1t is
distinguished by the depressed form of the umbrella, the presence
of only two extensile tentacles, and a very long and very extensile
peduncle several times as long as the breadth of the umbrella. The
genus Saphenia is placed by Haeckel in the family Fucopida of the
order Leptomedusz. All the Leptomedusa whose development is
known are developed asexunally from a fixed hydriform stock. The
development of Saphenia is at present entirely unknown, but it
seems probable that the numerous specimens taken near the Eddy-
stone were derived from some fixed hydroid which flourishes at the
bottom of the sea in that neighbourhood.—J. T. CuxNINGHAM.

Pleurophyllidia Lovéni, Bergh.—Another interesting capture made
last summer was that of the rare Opisthobranch Pleurophyllidia
Lovéni, Bergh. A single specimen was taken in the shrimp trawl,
about two miles to the north of the Eddystone on the night of July
9th. It was accompanied by many Nudibranchs and a Pleuro-
branchus; these Molluscs, as well as the Pleurophyllidia, were
identified by Mr. W. Garstang, and the list of them is as follows :

Pleurobranchus membranaceus, 1 specimen ; Acanthodoris pilosa,
10 specimens, all white ; Philine aperta, 3 ; Scaphander lignarius, 1 ;
Eolis sp., several.

The other contents of the trawl were a few small flat-fishes, a
number of Pecten opercularis, and a large quanty of Cellaria.
Only two specimens of Pl. Lovéni are reocrded as taken in the
British area by Forbes and Hanley, and by Gwyn Jeffreys. But
Mr. Holt has recently recorded the capture of two specimens in St.
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Andrew’s Bay ; he obtained them from fishermen’s haddock-lines
(Ann. and Mag. Nat. Hist., August, 1891).—J. T. C.

Breeding of Fish in the Aquarium.—At the end of March the
plaice in the large flat-fish tank were spawning, and the eggs
floated at the surface of the water. But when examined, none of
the eggs were found to be fertilized. A hatching box of Captain
Dannevig’s pattern had recently been fitted up in the aquarium for
hatching floating eggs. I took out some of the ripe plaice and
fertilized a number of eggs from them artificially. Some of the
females yielded healthy eggs, and large numbers of these were suc-
cessfully hatched in the hatching box. But some of the females
yielded only ripe eggs which were already dead ; the difference
between these and unripe eggs being perfectly obvious. These same
plaice spawned in the tank in 1890, and the eggs were naturally
fertilized and found in a developing condition at the surface in the
tank. It seems as though a prolonged residence in the water of
the aquarium produced some abnormal disturbance of the reproduc-
tive functions in these plaice. In the same tank were two ripe
female flounders, but no males of the same species. I squeezed a
large number of eggs from these, and made the experiment of
mixing them with milt from a male plaice. Fertilization occurred
in a certain number of the ova, about half, and a few of these lived
till they were hatched, and the larve lived several days. They
died, however, like all my larvee, soon after the absorption of the
yolk-sac. In April and May many of the soles in the flat-fish tank
were much swollen in the abdominal region, and it seemed as if the
ovaries ware enlarged and the eggs on the point of being shed.
But no soles’ eggs ever appeared in the tank, although arrange-
ments were made that no floating eggs shed in the tank could
escape. After a time many of the soles gradually lost the swollen
appearance. I took out a specimen 25 cm. long on June 10th, and
found it was a male, and on teasing up a portion of the testis saw
a considerable number of ripe . active spermatozoa mixed with
unripe spermatic cells. Afterwards I squeezed a swollen female,
but no ripe eggs were expelled, but, instead, some curious translucent
magsses whose nature I did not understand. On June 27th I took
out a large female sole which was still swollen, and on squeezing
obtained some more of these masses of soft substance, When
teased up under the microscope the substance proved to consist of
degenerate ripe ova, looking as though they had been half
digested. The vitelline membranes were present, but shrivelled and
containing only granules of dead matter. I then opened the ovary,
and found more of these masses in its cavity ; the ovary itself was

NEW SERIES.—VOL, II, NO. II 16
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crowded with eggs not quite ripe. It appears, therefore, that in
these soles the eggs, when nearly ripe, escaped in successive lots
into the cavity of the ovary, and there died and degemnerated. It
is evident that soles will not spawn in our tanks. These specimens
had been living in the same tank since the summer of 1889, and
they showed no signs of spawning in 1890. Whether the cause of
this inability to breed is merely the confinement, or the shallowness
of the water in a tank compared to the depth of the sea, or the

quality of the water, there is at present no evidence to show.—
FiT 04

The Amount of Fat in Different Fishes.—An inquiry has recently
been made concerning the above, and in consequence of this I have
made a number of determinations of the amount of fat in the flesh or
muscle of various species. The fat was extracted with ether in a
fat extraction apparatus; the ethereal solution thus obtained was
separated from any water which happened to be present, and dried
over calcium chloride. The ether was then distilled off, and after
being heated to 100° C. the residue was weighed. The following
table gives the results obtained :

Common name of fish. Scientific name. Wﬂﬂ%eirl e “eftf.ﬁtor Percerl:liéege B
I Shoi =
| Grms. Grms. &
Piper . . 5 . Trigla lyra . e : 150 | 0250 0’166
Red gurnard . . Trigla cuculus . . 136 | 0Olg9z 0142
Mackerel . - .\Scomber scombrus ! 200 | 3:05 152
5 ’; . : i 4 i 200 2-52 1:26
Thickback . - .[Solea variegata . - 78 0014 0018
‘| Turbot 4 A . Rhombus maximus . 166 0-028 | 0017
John Dory . : .\ Zeus faber . 3 v 166 0144 | 0-086
Hake . : £ . Merluccius vulgaris . 190 | 0057 0030
Haddock . . .Gadusmglefinus. . 190 | 0009 0005
Pollack ; 2 ./Gadus pollachius . . 190 0011 0006
Cod . : : .|Gadus morrhua . - 190 0:009 0005
Ling . - E . Molva vulgaris . : 150 0032 0022
|
F. Hucaes.
ERRATUM.

In Mr. Cunningham’s paper in the previous number of the
Journal, p. 17, line 25, for 6 1bs. read 2 1bs.



OBJECTS

OF THE

Maeine Biological Bssociation of the Wnited Hingdom,

THE ASSOCIATION was founded at a Meeting called for the purpose in March, 18844,
and held in the Rooms of the Royal Society of London.

Professor HUXLEY, the President of the Royal Society, took the chair, and amongst the
speakers in support of the project were the Duke of ARGYLL, Sir LyoN PLAYFAIR, Sir JOEN
Lussock, Sir JosepE HooxER, the late Dr. CARPENTER, Dr. GUNTHER, the late Lord
Davrmovusig, Professor MosELEY, Dr. RoMaXES, and Professor LANEESTER.

The Association owes its existence and its present satisfactory condition to a combina-
tion of scientific naturalists, and of gentlemen who, from philanthropic or practical reasons,
are specially interested in the great sea fisheries of the United Kingdom. It is universally
admitted that our knowledge of the habits and conditions of life of sea fishes is very small and
insufficient to enable either the practical fisherman or the Legislature to take measures
calculated to ensure to the country the greatest return from the “harvest of the sea.”
Naturalists are, on the other hand, anxious to push further our knowledge of marine life and
its conditions. Hence, the Association has erected at Plymouth a thoroughly efficient
laboratory, where naturalists may study the history of marine animals and plants in general,
and where, in particular, researches on food fishes and molluscs may be carried out with the
best appliances.

The Laboratory and its fittings were completed in June, 1888, at a cost of some £12,000.
Since that time investigations, practical and scientific, have been constantly pursued at
Plymouth. Practical investigations upon matters connected with sea-fishing are carried on
under the direction of the Council ; in addition, naturalists from England and from abroad
have come to the Laboratory, to carry on their own independent researches, at the expense
of a small rent for the use of a working table in the Laboratory and other appliances, and
have made valuable additions to zoological and botanical science. The number of naturalists
who can be employed by the Association in special investigations on fishery questions, and
definitely retained for the purpose of carrying on those researches throughout the year,
must depend on the funds subseribed by private individuals and public bodies for the
purpose. The first charges on the revenue of the Association are the working of the sea-
water circulation in the tanks, stocking the tanks with fish and feeding the latter, the
payment of servants and fishermen, the hire and maintenance of fishing boats, and the
salary of the Resident Director. The gentleman holding this post receives £200 a year
and a residence. A naturalist has also been appointed at a salary of £250 a year, whose
duties are confined to the study of food-fishes, and provision has been made for an assistant
to the Director. THESE ARE THE ONLY SALARIED OFFICERS OF THE ASSOCIATION: its
affairs are conducted entirely by voluntary service.

The Association has at present received some £15,000, of which £5000 was granted by
the Treasury. The annual revenue which can be at.present counted on is about £950, of
which £500 a year for five years is granted by the Treasury, whilst £180 is in the uncertain
form of Annual Subseriptions.

The admirable Marine Biological Laboratory at Naples, founded and directed by Dr.
Dohrn, has cost about £20,000, including steam launches, &ec., whilst it has an annual
budget of £4000.

The ASSOCIATION URGENTLY NEEDS ADDITIONAL FUNDS FOR THE PURCHASE AND MAIN-
‘TENANCE OF A SEA-GOING STEAM VESSEL, by means of which fishery investigations can
be extended to other parts of the coast than the immediate neighbourhood of Plymouth;
for the maintenance and completion of the library; and in order to increase the permanent
staff engaged at Plymouth. The purpose of the Association is to aid at the same time both
science and industry. If is national in character and constitution, and its affairs are
conducted by a representative Council, by an Honorary Secretary and an Honorary Treasurer,
without any charge upon its funds, so that the whole of the subscriptions and donations
received are devoted absolutely to the support of the Laboratory and the prosecution of

researches by aid of its appliances. The reader is referred to page 4 of the Cover for
information as to membership of the Association.
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