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The Laboratory of the Marine Biological Association
at Plymouth.

By

E. J. Allen and H. W. Harvey.

With Figures 1 to 7 and Plans I to VIL

TaE Marine Biological Association of the United Kingdom, to whom the
Plymouth Laboratory belongs, is a corporate body of subscribing members,
interested in scientific investigations concerning the habits and life-
histories of food fishes and other marine animals. The Laboratory is
managed by a Council elected annually by the members of the Associa-
tion.

The Association was founded in 1884—when through the energy and
initiative of its present President, Sir E. Ray Lankester, a meeting was
held in the rooms of the Royal Society of London at which the chair was
taken by Professor Huxley, at that time President of the Royal Society.
The meeting was attended by many of the leading scientific men of that
day, including Sir John Lubbock (afterwards Lord Avebury) and Sir
Joseph Hooker, as well as by a number of public men interested in the
sea fisheries of the country. The purpose which the founders of the Asso-
ciation had in mind is well expressed in the first resolution adopted by this
meeting, which emphasises the necessity for the establishment of one or
more laboratories on the British coast, ** where accurate researches may
be carried on leading to the improvement of zoological and botanical
science, and to an increase of our knowledge as regards the food, life,
conditions, and habits of British food fishes and molluscs in particular, and
the animal and vegetable resources of the sea in general.” The policy
indicated in this resolution has been consistently followed by the Associa-
tion throughout its history, and it has endeavoured to aid at the same time
science and industry. Research having a direct bearing on the fishing
industry has been carried on side by side with research in pure science,
and the two have mutually helped and supported each other.

The Laboratory (Fig. 1), situated below the wall of the Citadel, over-
looking Plymouth Sound, was opened in June, 1888, with a staff consist-
ing of a Director, a Naturalist, and one scientific assistant. This per-
manent staff, which is engaged all the year round in research work, has
gradually increased until at the present time it numbers thirteen scientific
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workers. In addition, over thirty working places are available for
visiting research workers from British Universities and abroad.

During its early years the Laboratory had to depend largely on the con-
tributions of voluntary subscribers and on grants from the Fishmongers’®
Company and from scientific societies for its annual income. From the
commencement, also, it received an annual grant from the Government,
which during the first five years amounted to £500. This grant was then
increased to £1000, at which figure it remained for many years. In 1902
the Association was asked by His Majesty’s Treasury to undertake the
English scientific investigations in connection with the International
Council for the Study of the Sea, an organisation to which the British
Government had adhered with a view to co-operating with other European
Governments in a comprehensive programme of research into the natural
history of marketable marine fishes, of their migrations, and of the great
fluctuations which occur in their abundance from year to year. These
researches included investigations of the water movements, especially of
the North Sea and English Channel, of the distribution of plankton, and
of the invertebrate fauna upon which the fishes feed. In connection with
the work, which continued in the hands of the Association until 1910, an
auxiliary laboratory was established at Lowestoft, and the steam trawler
Hualey became available, largely through the generosity of Dr. G. P.
Bidder, for work in the North Sea. During this period and in the follow-
ing years the Association owed much to Sir Arthur Shipley, who occupied
the position of Chairman of the Council.

After the great war Government grants for fishery research were put
under the control of the Development Commissioners. The Laboratory
at Lowestoft was re-established under the Ministry of Agriculture and
Fisheries for the purpose of studying problems having a direct bearing on
the commercial fisheries. At the same time a substantially increased grant
was made to the Marine Biological Association for the maintenance of the
Plymouth Laboratory, so that researches of a more general or fundamental
nature concerning life in the sea might be developed upon a larger plan.
With the help of this grant the steamer Salpa (Fig. 7), a steam-drifter
fitted for trawling, was purchased by the Association from the Admiralty
for work at Plymouth, and subsequently a motor boat was obtained for
use in inshore waters. In order to give adequate facilities for the larger
staff and the increasing number of visiting research workers, an addition
was made to the Laboratory buildings in 1920, this being made possible by
the generosity of a number of friends of the Association, including once
more the Fishmongers’ Company and various scientific societies. A tem-
porary building was put up in 1922 to provide accommodation for the
students attending the Easter course in marine biology, which has been
held at the Laboratory for many years, this building being paid for
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chiefly by subseriptions from past students. About this time also the use
of some sheds, and a small cove, which has since been converted into a
sea pond for experimental work, was secured for a nominal rental at Pier
Cellars, Cawsand Bay.

At the inaugural meeting of the Association attention was drawn by
Mr. G. J. Romanes to the wide field of research offered by the physiology
of marine organisms. Later the work of Keith Lucas and of Mines, much
of which was carried out at Plymouth, showed how valuable were the
facilities provided by the Laboratory for such research, and with the
advance of this branch of biology during the last two decades the attention
of a growing number of physiologists has turned to the possibility of
attacking many fundamental problems by experiments upon the tissues
of simple marine animals, a method of attack which seems likely to assist
in the interpretation of results hitherto confined chiefly to land vertebrates.
The opening of this field of enquiry was followed by the realisation of the
wide possibilities of Comparative Physiology in the study of animals of
diverse evolutionary descent, No environment yields more representa-
tives of the different animal groups than the sea.

The constant supply of marine animals almost daily by the steamer and
motor boat or from the Aquarium, made the Plymouth Laboratory
particularly suitable for such research, and the numbers of visitors from
the staffs of various Universities working during the Easter and summer
vacations severely taxed the accommodation provided by the existing
buildings. Through the generosity of numerous benefactors, many of
them former workers in the Laboratory, of the Fishmongers® Company,
and of the International Education Board a sufficient sum was collected
to erect a new wing. This was completed in 1926 and contains seven
private laboratories for visiting research workers, a physiological and a
chemical laboratory, and cellars for galvanometer or constant temperature
work.

The Laboratory as a whole, therefore, now offers facilities for all kinds
of biological research, and these facilities have been utilized by numerous
investigators from both British and Foreign Universities. The inter-
national character of the work has recently shown a marked increase, and
the personal contacts with research workers from abroad is a great
stimulus to the Association’s scientific staff.

An idea of the volume and wide scope of the investigations may be
gained by referring to the long list of published original contributions to
science, which have emanated from the Laboratory (Journ. Mar. Biol.
Assoc., XV, 3, p. 753). In addition to those who have worked at some
particular problem and published the results of their investigations, there
is a constant and increasing stream of visitors from all countries, who come
for short visits to discuss matters appertaining to their own researches



738 . E. J. ALLEN AND H. W. HARVEY,

or to follow the various investigations in progress. This is a feature of the
activities of the Association of no little benefit, for it not only aids the
co-ordination of research, but brings those working in the Laboratory into
close touch with progress taking place elsewhere.

A further activity of the Association is the supply of specimens of marine
animals and plants to biologists in this and other countries, both for re-
search and for teaching purposes. Expeditions and individual naturalists
are also supplied with nets, dredges, and apparatus constructed and tested
un-er the supervision of the staff.

Ter BuiLpinegs aNp EQUIPMENT.
(See Figs. 2-5 and Plans I-VIL)

The original building contains a general laboratory (Fig. 2) with cubicles
and a series of small aquaria for the use of the staff or visitors engaged

Fig. 2.—THE GENERAL BIOLOGICAL LABORATORY.

in zoological investigations ; an aquarium on the ground floor which is
open to the general public ; an extensive library of biological publications,
including the leading physiological and biochemical journals (Fig. 3); a
residence for the Director ; four or five small laboratories ; an office ;
and living-quarters for the engineer-caretaker. The general arrangement
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18 shown in Plans I-VII. It is connected with the Allen Building and new
wing by a bridge. The Allen Building, 34 ft. by 24 ft., is divided into
two laboratories by a temporary partition. In it are housed a type
collection of the local marine fauna and flora and apparatus for obtaining
photographic records of specimens, ete. A photographic dark room is
attached.

Fig. 3.—THE LIBRARY.

In the new wing, the chemical laboratory is well equipped with ap-
paratus of general utility, including ovens, analytical balances, tube and
muffle furnaces. Thereisa large and varied stock of chemicals. The physio-
logical laboratory (Fig. 4) is equipped with kymographic and respiration
apparatus, spectroscopes, small electric motors, and temperature baths.
(ras, water, and compressed air are led to these and to the seven private
laboratories, and alternating electric current, at 210 volts, can be taken
from numerous points. In addition, direct current up to 100 volts may be
supplied when required from a dynamo situated in the cellars of the main
building. A supply of ice, liquid air, and of compressed oxygen can be
obtained at short notice in the town. On the ground floor provision
is made for the reception of dredging and other material brought in
by the boats, and a constant supply of sea-water is provided by means
of a motor pump from one of the reservoirs (Fig. 5).
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The building (Plan I), in which a course of marine biology is held for
a month during the Easter vacation, is fitted with gas, water, and electric
light, accommodates eighteen to twenty students engaged in microscopic
and faunistic work, or about twelve post-graduate students engaged in
general physiological technique, for whom a class is held at the end of the
summer vacation.

Fia. 4, —THE PHYSIOLOGICAT LABORATORY.

Tue Aquarium aND Spa-water Taxks (Fig. 6).

The Aquarium or tank room, measuring 70 x 34} ft., and situated on the
ground floor of the main building, is open to the public at a small charge
and to fishermen and to parties of school children free of charge. It
contains a representative collection of the commoner fishes and inverte-
brate animals found in the south-western area of the English Channel, and
a small collection of fresh-water fishes (Fig. 6).

The tanks are built of slate, with glass fronts fitted against cast-iron
frames. On the south side are nine tanks, 4 ft. wide and 4 ft. deep, one
being 15 ft. long, two 10 ft., and the remaining six 5 ft. long. On the north
side are three tanks each 5 ft. deep, one being 30 ft. 6 ins. longx 9 ft.
wide, one 15 ft. 6 in. longx 9 ft. wide, and one 15 ft. long x5 ft. wide.
In the centre are a row of five glass-fronted ‘‘ table tanks,” 1 ft. 9 ins.
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deep x 2 ft. 3 ins. wide, and 9 ft. 9 ins. long, several of them being divided
into two by transverse partitions. The height of these tanks is 4 ft.
above ground level, so their contents can be examined from above as well
as through the glass front. In addition to these fixed tanks a number of
small wooden aquaria have been added, and a collection of preserved
specimens of general interest is displayed on the east and west walls.

A guide book has been prepared, and is on sale at 1/— per copy, giving a
simple account of the life-history and habits of most of the sea creatures
living in the Aquarium.

Fic. 5—RECEPTION OF MATERTAL AND SEA-WATER CIRCULATION.

Twelve glass-fronted tanks, 1 ft. 6 ins. deep, 2 ft. 3 ins. wide, and 4 ft.
8 ins. long, are installed in the general laboratory above the tank
room, and also a shallow wooden table tank, 8 ft. by 5 ft. 6 ins. and
8 ins. deep.

In the yard behind the Aquarium there is a brick-work tank lined with
asphalte, 18 f6.<3 ft.x 1 ft. 10 ins. deep, in which animals are kept as a
reserve from which to replenish specimens in the Aquarium, or for use by
workers in the Laboratory. Since the opening of the Aquarium of the
Zoological Society in London a large number of marine animals have
been collected and acclimatised to life under aquarium conditions in the .
Plymouth tanks and then despatched to Regent’s Park.
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A wooden table, 24 ft. long, coated with asphalte, is also placed in this
yard ; on it glass or other vessels containing living animals can be kept
under a continuous flow of sea-water from a launder situated above the
table.

Both outside tanks and table are protected from rain by galvanised
iron roofing, and are not subjected to direct sunshine.

Most of the tanks are aerated for about 20 hours daily from a com-
pressed air supply at 5 Ibs. per square inch pressure, which is led to the
bottom of each tank and issues through a porcelain or cane nozzle, the
air being thus delivered in streams of minute bubbles.

Fia. 6.—THE AqQUARIUM.

TaE SUPPLY AND CIRCULATION OF SEA-WATER TO THE
Aquartum TaNKs.

Behind the main building and below ground level are two concrete
reservoirs, asphalte lined, 37 ft. 6 in. long, 21 ft. 6 ins. wide, 11 ft. deep,
and each capable of holding 55,000 gallons of water. These are filled with
sea-water from a well, built in the rocks on the shore below the Laboratory,
which has a depth of about 14 ft. at high tide. A Shone’s Ejector in the
bottom of the well is supplied with compressed air which forces the water

- up to the reservoir through a 4-in. cast-iron pipe enamelled inside. The
ejector was installed in 1887 and is still working.
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These reservoirs are entirely cleaned out and refilled at comparatively
long intervals ; losses are made up and a proportion of the water replaced
by pumping in fresh sea-water at high tides during the summer, when
conditions are most favourable. An increase in salinity up to 37 parts
per thousand is not found to be detrimental to the animals in the
tanks,

The water in one reservoir is pumped to the Aquarium tanks for about
20 hours daily for one week, through a system of vulcanite pipes supplied
with nozzles several inches above the level of water in the tanks. It is
forced through these nozzles in jets which carry air in fine bubbles deep
into the tanks. The water overflowing is carried by culverts back to the
Teservoir. '

At the expiration of a week the circulation is changed over to the other
reservoir. In the resting reservoir particles of suspended matter in the
water fall to the bottom. The hydrogen ion concentration of the circulat-
ing water is kept close to that in the open sea by addition of two pounds
of lime to each reservoir every second week. For forty years this circula-
tion has never failed for long enough to cause the death of fish in the
Aquarium, although for nearly thirty years it was maintained by original
“Otto” gas engines, capricious in their behaviour and exacting much
attention.

For the last five years two alternative methods of circulation have been
used. (1) By a cast-iron 2-in. centrifugal pump driven directly by a 3-h.p.
electric motor. This is designed to deliver 2,500 gallons per hour against
a head of 35 feet. The motor also drives, through gearing, a rotary air
compressor delivering 7 cubic feet of free air per minute at a pressure of
5 lbs. to the square inch. (2) By one of a pair of cast-iron 2-in. centri-
fugal pumps driven from shafting by a 5-h.p. gas engine. A small air
compressor is also driven from the same shafting, and an independent air
compressor driven by its own electric motor has recently been fixed.

The compressed air supply to the Shone’s Ejector, pumping water from
the sea into the reservoirs, is obtained by an air compressor driven from
the 5-h.p. gas engine. This can be added to by compressed air from a com-
pressor built in one unit with a 4 h.p. “ Otto ” gas engine installed forty
years ago and still functioning.

Tue Surp axDp Motor Boar.

The s.s. Salpa (Fig. 7) is a wooden steam drifter 88 ft. long, 19:9 ft.
beam drawing 10-5 ft. aft and 5 ft. forward, built in 1918 and capable of a
speed of 9% knots. She is equipped with a steam winch for trawling and a
small deckhouse laboratory. A 60-ft. otter trawl is carried, together with
various small trawls, dredges, and plankton nets. During most of the
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year the ship works daily from Plymouth, longer cruises being made
from time to time.

The motor boat Gammarus, 25 ft. long and 8 ft. beam, drawing 2 ft.
9 ins. and propelled by two 3-h.p. Kelvin engines, works daily in and
around Plymouth Sound.

Proviston For VISITORS AND STUDENTS WORKING IN THE
LABORATORY.

The accommodation provided for visitors includes cubicles, separate
rooms, or bench space with adequate fittings for biochemical and physio-
logical work, the use of all ordinary glassware, chemicals, and apparatus
of a general nature. The Association undertakes, as far as possible, to
supply the animals or plants or water samples required for any investiga-
tion, or such facilities for obtaining them as may be at the command of the
Laboratory.

Microscopes are not usually provided. Intending visitors are advised
to write to the Director stating the nature of the investigations which they
propose to carry out and the apparatus which they will require. Every
effort is made to provide any special apparatus which is needed, and to
collect the animals wanted for research.

The Laboratory is open for research during the entire year, including
holidays, and workers are provided with a key so that they may work at
night when they desire to do so. The fishermen are engaged in the
collection of material daily, except on Sundays and for three or four days
at Christmas and Easter. The services of a laboratory assistant are
available if necessary.

The facilities are primarily intended for visitors who are engaged in their
own research or wish to collaborate with members of the staff who are
investigating some particular problem of biological science. Ivery effort
is made by the staff to give information and assistance.

With regard to the admission of research workers from the Dominions,
from foreign Universities, and members of Government departments who
desire to make use of this Laboratory, the Council of the Association are
usually willing to remit all charges, welcoming such visitors as guests.
Research workers from this country may be nominated in many cases to
occupy working space in the Laboratory free of charge ; Founders and
Governors of the Association have the privilege of making such nomina-
tions. Accommodation may also be rented at 50 guineas per year, b
guineas per month, or thirty shillings per week. Particulars regarding
nominations, copies of the regulations and lists of recommended lodgings
in the vicinity are supplied on application to the Director.

A course of study in marine biology is held during the Easter vacation



Fig. 7.—THE “SaLra.”
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of the Universities. In this course advanced and post-graduate students
are given the opportunity for practical study of the structure and life-
histories and habits of marine organisms. The more general aspects of
marine biology are studied in collecting expeditions on the shore and in the
s.8. Salpa and the motor boat. The characteristics of the shore fauna on
sandy, muddy, and rocky bottoms in sheltered and exposed places are
demonstrated on well-known grounds in the neighbourhood. The varied
geological nature of the Devon and Cornwall shore line supports an
extensive and varied fauna, which is exposed by the considerable rise and
fall of the tide. The use of tow-nets, dredges, and trawls employed in
investigating the plankton and the fauna and flora of the sea bottom is
explained and demonstrated. A special study is made of the chief larval
stages of different groups of the animal kingdom, and simple artificial
fertilisations are made to obtain those stages of development which are
rarely taken in the nets.

Another course is held in late summer for post-graduate students
commencing research in comparative physiology, who wish to explore
the possibilities of attacking various outstanding problems by means of
experiments on marine animals, and for zoologists who desire to become
conversant with physiological methods and apparatus and the possi-
bilities of their application to problems concerning physiological pro-
cesses.
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List of Publications Recording the Results of Researches
carried out under the Auspices of the Marine
Biological Association of the United Kingdom in
their Laboratory at Plymouth or on the North Sea
Coast from 1886-1927.
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754 PUBLICATIONS RECORDING RESULTS OF RESEARCHES.

Tue following list brings up to date a previous publication* and has been
classified, so far as practicable, according to subjects, in order that it
may be useful for purposes of reference. The list does not include publica-
tions recording the results of observations made on material supplied
by the Association to workers in different parts of the country, of which
a considerable amount is sent out each year.

In attempting to distinguish between economic and more purely
scientific publications considerable difficulty has been experienced ;
indeed, such a distinction is in reality impossible, since all researches
bearing on the distribution and habits of marine life of any kind have
a more or less direct bearing on fishery problems. All papers dealing
with the distribution, habits, and young stages of fishes have been
ineluded in the economic division, whether the fishes are themselves
marketable or not.

An author’s index has been inserted at the beginning from which
can be obtained the section and reference number of any paper; the
pages on which the sections occur can be found from the Table of
Contents.

December, 1927.
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Reproduction of Lobster, XXXIX, 4; Protection of Crabs and Lobsters, XXXIX,
11; Sponge Beds of Florida, and Artificial Culture of Sponges, XL, 1; Nervous
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Journ. M.B.A. Old Series. No. 1. 1887, p. 45.

. Monthly Reports on the Fishing in the Neighbourhood of Plymouth

(with 8 charts). By W. L. Calderwood. Journ. M.B.A. N.S. ii.
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. Preliminary Note on Trawling Experiments in certain Bays on the

South Coast of Devon. By F. B. Stead. Journ. M.B.A. N.S. iv.
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Notes on a Fishing Voyage to the Barents Sea in August, 1907. By
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Notes on the General Course of the Fishing. (North Sea Investiga-
tions.) By J.T. Cunningham. Journ. M.B.A. N.S.iv. 1895-97,
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N.8. viii. 1907-10, p. 1.

Causes of the Observed Distribution of Fish in the North Sea. (North

Sea Investigations.) By J. T. Cunningham. Journ. M.B.A. N.S.iv.
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Cunningham. Journ. M.B.A. N.8. iv. 1895-97, p. 233.

General Report on the Fishery Investigations, By Walter Garstang.
Internat. Fish. Investigations. Mar. Biol. Assoc. Report I
1902-03 (Cd. 2670). 1905, p. 1.
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770 PUBLICATIONS RECORDING RESULTS OF RESEARCHES. V-ViI

27. Report on the Grimsby Steam Trawler Records, 1904-07. By
Rosa M. Lee. Internat. Fish. Investigations. Mar. Biol. Assoc.
Report ITI.  1906-08 (Cd. 5546). 1911, p. 1.
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1. Report on the Food of Fishes collected during 1903. By R. A. Todd.
Internat. Fish. Investigations. Mar. Biol. Assoc. Report I.
1902-03 (Cd. 2670). 1905, p. 227.
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M.B.A. N.S. xii. 1919-22, p. 261.

See also xliii, 48,

8]

VII. Rearing Exzperiments.

1. Recent Experiments Relating to the Growth and Rearing of Food-
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. An Experiment in the Transplantation of Plaice from the Barents

Sea (* White Sea ) to the North Sea. By George T. Atkinson.
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Grounds in the North Sea. By Rosa M. Lee and George T. Atkin-
son. Internat. Fish. Investigations. Mar. Biol. Assoc. Report IV.
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Journ. M.B.A. N.S. iii. 1893-95, p. 121.

. Rhombus mazimus Linn. (The Turbot.) By E. W. L. Holt. Journ.
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Journ. M.B.A. N8, viii. 1907-10, p. 44.

On the Food of Young Plaice (Pleuronectes platessa). By A. Scott.
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Journ. M.B.A. N.S. viii. 1907-10, p. 315.

The Relationship between State of Maturity and Chemical Composi-
tion of the Whiting (Gadus merlangus L). By H. O. Bull. Journ.
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Ireland for 1901. By E. W. L. Holt and L. W. Byrne. Part II,
p. 37. Published 1903.

. The Young of the Gobiidee from the Neighbourhood of Plymouth.
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See also liv, 12.
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N.S. v. 1897-99, p. 197.
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. The Preparation of Dogfish for Market. By E. Ford. Fish. Board,
Scotland, 1923.

Rays and Skates: A Revision of the European Species. By R. S.
Clark. Fisheries, Scotland, Sci. Invest. 1926, 1.

Rays and Skates. No. 2. Description of Embryos. By R. 8. Clark.
Journ. M.B.A. N.S. xiv. 1926-27, p. 661.

A Breeding Ground of the Nursehound (Seyliorhinus stellaris) in
the Fal Estuary. By J. H. Orton. Nature, vol. exviii. 1926,
p- 732.
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XXXV. OYSTERS.

. Oyster Culture in the River Yealm. By G. H. Fowler. Journ.

M.B.A. N.S.ii. 1891-92, p. 78.

. Notes on Oyster Culture. Pt.I. Oyster-farming in Holland. Pt. II.

Recent Legislation relative to English Oyster Fisheries (with
Plate XXI). By G. H. Fowler. Journ. M.B.A. N.8.i. 1889-90,
p- 257.

. The Generative Organs of the Oyster. Abstract of a paper by Dr.

P. P. C. Hoek (with Plates XXII and XXIII). Journ. M.B.A.
N.8. 1. 1889-90, p. 268.

. Sex-change in the Native Oyster (0. edulis). By J. H. Orton. Nature,

cvil. 1921, p. 586.

. The Phenomena and Conditions of Sex-change in the Oyster (0.

edulis) and Crepidula. By J. H. Orton. Nature, cx. 1922, p. 212.

. The Blood-Cells of the Oyster. By J. H. Orton. Nature, cix. 1922,

p. 612.

. The So-called *“ Baccy-juice ” in the Waters of the Thames Oyster

Beds. By J. H. Orton. Nature, cxi. 1923, p. 773.

. Sex-change and Breeding in the Native Oyster, O. edulis. By J. H.

Orton. Nature, exiv. 1924, pp. 191-92.

. An Account of Investigations into the Cause or Causes of the Unusual

Mortality among Oysters in English Oyster Beds during 1920 and
1921. Part I, Report. Part II, Appendices. By J. H. Orton.
Ministry of Agriculture and Fisheries, Fishery Invest., Ser. II,
vol. vi, 1923, No. 3 ; 1924, No. 4.

The Production of Oysters (0. edulis) on English Beds in Relation
to New Observations on Breeding Phenomena. By J. H. Orton.
Nature, exvi. 1925, pp. 673-74.

The Conditions for Calcareous Metabolism in Oysters and other
Marine Animals. By J. H. Orton. Nature, cxvi. 1925, p. 13.

2. Summary of a Report on a Survey of the Oyster Beds in the Fal

Estuary in November, 1924, with Notes on the Biology of the
Oyster. By J. H. Orton. Falmouth, 1925.

Summary of an Account of Investigations into the Cause or Causes
of the Unusual Mortality among Oysters in English Oyster Beds
during 1920 and 1921. By J. H. Orton. Journ. M.B.A. N.S. xiii.
1923-25, p. 1.

Hermaphroditism in the Portuguese Oyster. By I. Amemiya.
Nature, cxvi. 1925, p. 608.

. Notes on Experiments on the Early Developmental Stages of the

Portuguese, American, and English Native Oysters, with Special
Reference to the Effect of Varying Salinity. By I. Amemiya.
Journ. M.B.A. N.8. xiv. 1926-27, p. 161.
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16. Can Portuguese Oysters be produced on English Oyster Beds by
Artificial Fertilisation in the Sea? By J. H. Orton. Nature,
cxvil. 1926, p. 857.

17. On Lunar Periodicity in Spawning of normally grown Falmouth
Oysters (0. edulis) in 1925, with a Comparison of the Spawning
Capacity of normally grown and dumpy Oysters. By J. H. Orton.
Journ. M.B.A. N.S. xiv. 1926-27, p. 199.

18. Modification by Habitat in the Portuguese Oyster (Ostrea (Gryphewa)
angulata). By J. H. Orton and P. R. Awati. Journ. M.B.A.
N.S. xiv. 1926-27, p. 227.

19. The Comparative Behaviour of Native Oysters (0. edulis) and
Portuguese Oysters (G. angulata) in certain Lethal Solutions of
T.N.T. (Trinitrotoluene). With Analyses by the Government
Chemist. By J. H. Orton. Journ. M.B.A. N.S. xiv. 1926,
p. 281.

20. Mullet as an Enemy of the Oyster. By J. H. Orton. Nature, cxvii.
1926, pp. 121-22.

21. Structure and Physiology of the Organs of Feeding and Digestion in
Ostrea edulis. By O. M. Yonge. Journ. M.B.A. N.S. xiv. 1926-27,
p- 295.

22. Report on a Survey of the Fal Estuary Oyster Beds (November,
1924), with Notes on the Biology of the Oyster (0. edulis). By
J. H. Orton. Falmouth, 1926.

23. Summary of a Report on a Survey of the Fal Estuary Oyster Beds,
November, 1924, with Notes on the Biology of the Oyster (O.
edulis). Assisted in Outdoor Work by D. Bartley Stevenson.
By J. H. Orton. Journ. M.B.A. N.S. xiv. 1926-27, p. 615.

24. Observations on the Fal Estuary Oyster Beds during 1926, including
a Study in Over-fishing. By J. H. Orton. Journ. M.B.A. N.S.
xiv. 1926-27, p. 923.

. Notes on Shell-depositions in Oysters. By J. H. Orton and C.
Amirthalingam. With a Note on the Chemical Composition of
“ Chalky ” Deposits in Shells of O. edulis. By H. 0. Bull
Journ, M.B.A. N.S. xiv. 1926-27, p. 935.

26. Observations and HExperiments on Sex-change in the Huropean
Oyster (0. edulis). Part I. The Change from Female to
Male. By J. H. Orton. Journ. M.B.A. N.S. xiv. 1926-27,
p. 967,

27. On Structure of Pearls. By C. Amirthalingam. Nature, cxix.
1927, p. 854.

28. On Incomplete Spawning and the Problem of Fertilisation in O.
edulis. By J. H. Orton. Nature, cxx. 1927, p. 403.

[
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The So-called Viscid Secretion in Spawning Oysters. By J. H. Orton.
Nature, exx. 1927, p. 843.

On Rhythmic Periods in Shell-growth in O. edulis, with a Note on
Fattening. By J. H. Orton. Journ. M.B.A. N.8. xv. 1928,
p. 365.

The Absorption of Glucose by Ostrea edulis. By C. M. Yonge. Journ.
M.B.A. N.8. xv. 1928, p. 643.

2. The Dominant Species of Ostrea. By J. H. Orton. Nature, CexXxi.

1928, p. 320.

XXXVI. COCKLES AND SCALLOPS.

. On the Significance of *“ Rings ™ on the Shells of Cardium and other
Molluscs. By J. H. Orton. Nature, exii. 1923, p. 10.

. On the Rate of Growth of Cardium edule. Part I. Experimental
Observations. By J. H. Orton. Journ. M.B.A. N.8. xiv. 1926-
27, p. 239.

On Lunar Periodicity in Reproduction of Pecten opercularis near
Plymouth, in 1927-28. By C. Amirthalingam. Journ. M.B.A.
N.S. xv. 1928, p. 605,

XXXVII. OYSTER ENEMIES.

An Account of the Natural History of the Slipper Limpet (Crepidula
Jornicata), with some Remarks on its Occurrence on the Oyster
Grounds on the Essex Coast. By J. H. Orton. Journ. M.B.A.
N.S.ix. 1910-13, p. 437.

An American Enemy of the English Oyster Farmer. By J. H. Orton.
Trans. Plymouth Inst., vol. xv. 1912-13 (1915), p. 247.

. Occurrence of a Crystalline Style in the American Slipper Limpet
(Crepidula fornicata) and its Allies. By J. H. Orton. Nature,
ex. 1922, p. 149.

English Enemies of the American Slipper Limpet. By J. H. Orton.
Nature, cxiv. 1924, p. 312. '

. Is the American Slipper Limpet (Crepidula fornicata) an Oyster
Pest ? By J. H. Orton. Nature, cxvii. 1926, p. 304.

The Habits and Economic Importance of the Rough Whelk-Tingle
(Murex erinaceus). By J. H. Orton. Nature, exx. 1927, p. 653.

XXXVIIT. SHIPWORM.

1. A Note on the Physiology of the Shipworm (T'eredo norvegica). By
C. R. Harington. Biochem. Journ., xv. 1921, p. 736.
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Report on Work done at the Marine Biological Station, Plymouth,
July 1st to September 18th, 1920. By C. R. Harington. Dept.
Sci. Indust. Research. Deterioration of Structures in Sea-water.
Second (Interim) Report of the Committee of the Inst. C.E.
1922, p. 35.

. The Structure and Function of the Liver of Teredo (the Shipworm).

By F. A. Potts. Proc. Cambridge Philosoph. Soc. (Biol.), i, p. 1.

. Report on Biological Work and on the Effect of Poisons on Teredo.

By G. Barger. Fourth (Interim) Report of the Committee of the
Inst. C.E., HM. Stationary Office. 1924, p. 23.

Experimental Work carried out at Plymouth Marine Biological
Laboratory during July—-August, 1922. By C. M. Yonge. Dept.
Sci. Indust. Research, Fourth (Interim) Report of Comm. Inst.
C.E. 1924, p. 9.

. Report on Examination of Raft and Test Pieces at Plymouth,

November, 1923. By C. R. Harington. Remarks on Dr. Haring-
ton’s Report. By G. Barger. Fifth Interim Report of Sea Action
Committee of Inst. C.I5. 1925, p. 13.

. Report on the Experimental Work of Drs. F. D. White and C. M.

Yonge at Plymouth during July and August, 1924 (Dept. Sci.
and Industrial Research). The Deterioration of Structures in
Sea-water. By G. Barger. Sixth (Interim) Report Comm. Inst.
C.E. 1926, p. 9.

. Protandry in Teredo norvegica. By C. M. Yonge. Quart. Journ.

Mier. Sei., Ixx. 1926, p. 391.

. Formation of Calcareous Tubes round the Syphons of Teredo. By

C. M. Yonge. Nature, cxix. 1927, p. 11.

XXXIX. CRABS AND LOBSTERS.

. On the Development of Palinurus vulgaris the Rock Lobster or Sea-

Crayfish (with Plates VIII and IX). By J. T. Cunningham.
Journ. M.B.A. N.S.ii. 1891-92, p. 141.

. Recent Experiments relating to the Growth and Rearing of Food-fish

at the Laboratory. 1.The Rearing of Lobster Larvee. By W.F. R.
Weldon and G. H. Fowler. Journ. M.B.A. N.S. 1. 1889-90,
p- 367.

. The Lobster Fishing of one Boat in Plymouth District from May 1st

to September 29th, 1890. By W. L. Calderwood. Journ. M.B.A.
N.8.ii. 1891-92, p. 15.

. The Reproduction of the Lobster. By E. J. Allen. Journ. M.B.A.

- N.S.iv. 1895-97, p. 60.
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. Contributions to the Knowledge of the Natural History of the Lobster
and Crab. By J. T. Cunningham. Journ. Roy. Inst. Cornwall,
vol. xliv. 1898.

. Larval Lobsters at the Surface. By E. W. L. Holt. Journ. M.B.A.
N.S. v. 1897-99, p. 196.

. Young Lobsters. By W. L. Calderwood. Journ. M.B.A. N.S. ii.
1891-92, p. 284.

. On the Early Post-larval Stages of the Crab (Cancer pagurus), and
on the affinity of that Species to Atelecyclus heterodon. By J. T.
Cunningham. Proceed. Zool. Soc. 1898, p. 204.

. Notes on the Senses and Habits of some Crustacea. By W. Bateson.

Journ. M.B.A. N.S.i. 1889-90, p. 211.

The Plague of Octopus on the South Coast, and its effect on the Orab
and Lobster Fisheries. By W. Garstang. Journ. M.B.A. N.S. vi.
1900, p. 260.

The Protection of Crabs and Lobsters. By E. J. Allea. Journ.
M.B.A. NS.iv. 1895-97, p. 182.

Recherches sur le develloppement post-embryonnaire de la Langouste
commune (Palinurus vulgaris). By Prof. E. L. Bouvier. Journ.
M.B.A. NS.x. 1913-15, p. 179.

Report on Importation of Lobsters, ete., and trial Shipment of
English Herring-ova. By T. Anderton. Report of the Marine
Dept. New Zealand, for the Year 1912-13.

Studies of the Plymouth Brachyura. I. The Rearing of Crabs in
Captivity, with a Description of the Larval Stages of Inachus
Dorsettensis, Macropodia longirostris, and Maia squinado. By
M. V. Lebour. Journ. M.B.A. xiv. 1926-27, p. T95.

. Life History of the Edible Crab. By M. V. Lebour. Fishing News, xv.

1927, p. 32.

. Studies of the Plymouth Brachyura. ii. The Larval Stages of Ebalia
and Pinnotheres. By M. V. Lebour. Journ. M.B.A. N.S. xv.
1928, p. 109.

XL. SPONGES.

. Report on the Sponge Fishery of Florida and the Artificial Culture
of Sponges. By E. J. Allen. Journ. M.B.A. N.S. iv. 1895-97,
p- 188. Supplement, p. 289.

. Note on Projects for the Improvement of Sponge Fisheries. By G.
Bidder. Journ. M.B.A. N.8.iv. 1895-97, p. 195.
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Morphological and Biological Publications.

XLI. FISHES.

Contractility of the Iris in Fishes and Cephalopods. By W. Bateson.
Journ. M.B.A. N.S.i. 1889-90, p. 215.

The *“ Recessus Orbitalis,” an Accessory Visual Organ in Pleuronectid
Fishes. (North Sea Investigations.) By E. W. L. Holt. Journ.
M.B.A. N.8.iii. 1893-95, p. 185.

. The Palpebral and Oculomotor Apparatus in Fishes: Observations

on Morphology and Development. By N. Bishop Harman.
Journ. Anat. and Phys., vol. xxxiv. 1899,

The Air-Bladder and Ear of British Clupeoid Fishes. By W. G.
Ridewood. Journ. Anat. and Phys., vol. xxvi.

. Studies in Teleostean Morphology from the Marine Laboratory,

Cleethorpes. By E. W. L. Holt. Proceed. Zool. Soc. 1894, p. 413.

. Investigations on the Function of the Electrical Organ of the Skate

(preliminary note). By Prof. Burdon Sanderson and F. Gotch.
Journ. M.B.A. N.S. 1. 1889-90, p. T4

. The Head Kidney of Teleostean Fishes (with Plate I). By W. L.

Calderwood. Journ. M.B.A. N.S. i1, 1891-92, p. 43.

. The Amount of Fat in Different Fishes. By F. Hughes. Journ.

M.B.A. N.S. i, 1891-92, p. 196.

. On the Coloration of the Skins of Fishes, especially Pleuronectidze.

By J. T. Cunningham and C. A. MacMunn. Phil. Trans. Roy.
Soc., vol. elxxxiv. B. 1893, p. 765.
Researches on the Coloration of the Skins of Flat Fishes. By J. T.
Cunningham. Journ. M.B.A. N.S.iii. 1893-95, p. 111.
Additional Evidence on the Influence of Light in producing Pigments
on the Lower Side of Flat Fishes. By J. T. Cunningham. Journ.
M.B.A. N.8.iv. 1895-97, p. 53.

. An Experiment concerning the Absence of Colour from the Lower

Sides of Flat Fishes. By J. T. Cunningham. Zoologischer An-
zeiger. 1891, p. 27.

On an Adult Specimen of the Common Sole with Symmetrical Eyes,
with a Discussion of its Bearing on Ambicoloration. (North Sea
Investigations.) By E. W. L. Holt. Journ. M.B.A. N.S. iii.
1893-95, p. 188.

An Observation of the Colour-changes of a Wrasse, Labrus maculatus,
Donovan. By E. W. L. Holt and L. W. Byrne. Journ. M.B.A.
N.8. v. 1897-99, p. 193.
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. Colour-changes in Cottus bubalis. By J. T. Cunningham. Journ.

M.B.A. N.S.i 1889-90, p. 458.
On the Composition and Variations of the Pelvic Plexus in Acanthias

vulgaris. By R. C. Punnett. Proc. Roy. Soc. 68, p. 140, and 69,
)

On the Anatomy of Centrophorus calceus (crepidalbus Bocage and
Capello) Giinther. By W. Woodland. Proceed. Zool. Soc.,
London, 1906, pp. 865-86.

On the Direction of the Aqueous Current in the Spiracle of the Dog-
fish ; together with some Observations on the Respiratory Mechan-
ism in other Elasmobranch Fishes. By A. D. Darbishire. Linn.
Soc. Journ. Zool., vol. xxx. 1907, p. 86. '

On some Experimental Tests of Recent Views concerning the Physi-
ology of Gas Production in Teleostean Fishes. By W. N. F.
Woodland. Anat. Anzeiger, Bd. x1. 1911, p. 225.

Notes on the Structure and Mode of Action of the “ Oval ” in the
Pollack (Gadus pollachius) and Mullet (Mugil chelo). By W. N. F.
Woodland. Journ. M.B.A. N.8.ix. 1910-13, p. 561.

. The Influence of Light on the Coloration of Certain Marine Animals

(Hippolyte, Wrasses). By F. W. Gamble. Trans. Manchester
Lit. and Phil. Soc. 1909.

2. The Relation between Light and Pigment formation in Crenilabrus

and Hippolyte. By Prof. F. W. Gamble. Quart. Journ. Micr.
Sci., vol. Iv. 1910, p. 541.

. An Experimental Investigation on the Function of Reissner’s Fibre.

By G. E. Nicholls. Journ. M.B.A. N.8. ix. 1910-13, p. 566.

4. An Experimental Investigation on the Function of Reissner’s Fibre

By G. E. Nicholls. Anat. Anzeiger, Bd. xI. 1912, p- 409.

. The Structure and Development of Reissner’s Fibre and the Sub-

commissural Organ. Part 1. By George E. Nicholls. Quart.
Journ. Micr. Sei., vol. Iviii. 1912-13, p. 1.

Note on a Conger with Abnormal Gonad. By A. E. Hefford. Journ.
M.B.A. N.S. viii. 1907-10, p. 318.

The Eosinophil Cell of Teleostean Fish. By A. N. Drury. Journ.
Physiology, vol. xlix. 1915, p. 349.

On a New Type of Teleostean Cartilaginous Pectoral Girdle found
in Young Clupeids. By E. S. Goodrich. Journ. Linn. Soc. Zool.,
Xxx1v, p. 305.

. The Comparative Morphology of the Secondary Sexual Characters of

Elasmobranch Fishes—the Claspers, Clasper Siphons, and Clasper
Glands. By W. H. Leigh-Sharpe. Mem. I, Journ. Morph., xxxiv.
1920, p. 245. Mem. II, Journ. Morph., xxxv. 1921, p. 359.
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30. The Comparative Morphology of the Cacal Gland (Rectal Gland) of
Selachian Fishes, with some reference to the Morphology and
Physiology of the Similar Intestinal Appendage throughout
Ichthyopsida and Sauropsida. By D. R. Crofts. Proc. Zool. Soe.,
London. 1925, Pt. 1, p. 101.

31. A New Type of Luminescence in Fishes. By C. F. Hickling. Journ.
M.B.A. N.S. xiii. 1923-25, p. 914.

32. A New Type of Luminescence in Fishes. II. By C. F. Hickling.
Journ. M.B.A. N.S. xiv. 1926-2T, p. 495.

33. Studies in Colour-changes in Fish. Pt. II. An Analysis of the
Colour of the Dab. Pt. 1II. The Action of Nicotin and Adrenalin
in the Dab. Pt. IV. The Action of Caffeine in the Dab, and a
Theory on the Control of Colour-changes in Fish. By H. R.
Hewer. Phil. Trans. Roy. Soc., London, B. cexv. 1926, p. 177.

See also 1-xxxiv; xliii, 48 ; xlvi, 52, 53, 72; xlviii, 11, 12, 14 ;
lii, 5, 21 ; liv, 28, 29 ; Ivii, 29, 30, 32, 38, 47 ; Iviii, 11.

XLII. PROTOCHORDATA.

1. Preliminary note on a new theory of the Phylogeny of the Chordata.
By W. Garstang. Zoolog. Anzeiger. 1894, p. 122.

2. Report on the Tunicata of Plymouth (with Plate I). By W. Garstang.
Journ. M.B.A. N.8. 1. 1891-92, p. 47.

3. On some Ascidians from the Isle of Wight, a Study in Variation and
Nomenclature (with Plates VI and VII). By W. Garstang.
Journ. M.B.A. N.S.ii. 1891-92, p. 119.

4. Note on a New and Primitive Type of Compound Ascidian. By
W. Garstang. Ann. and Mag. Nat. Hist. 1891.

5. Observations on Ascidians (Report on the Occupation of Table).
By Arthur Willey. Rep. Brit. Assoe. 1892.

6. The Development of Stigmata in Ascidians. By W. Garstang.
Proceed. Roy. Soc., vol. 1i. 1892, p. 505.

7. Note on Salensky’s account of the development of the Stigmata in
Pyrosoma. By W. Garstang. Trans. Liverpool Biol. Soc., vol. vii.
1892-93, p. 245.

8. Outlines of a new Classification of the Tunicata. By W. Garstang.
Rep. Brit. Assoc., Ipswich. 1895, p. T18.

9. Budding in Tunicata. By W. Garstang. Science Progress, vol. iii.
1895.

10. Studies on the Protochordata. By Arthur Willey. Quart. Journ.
Micr. Sei., vol. xxxiv. 1893, p. 317.



XLI-XLOI PUBLICATIONS RECORDING RESULTS OF RESEARCHES. 791

11

16.

18.

19.

Lo

. On a new Genus of Synascidian from Japan. By Asajiro Oka, of the
Imperial University of Tokio, and Arthur Willey. Quart. Journ.
Micr. Sei., vol. xxxiii. 1892, p. 313.

2. Phoronis at Plymouth. By W. Garstang. Journ. M.B.A. N.S. ii.

1891-92, p. 7.

. On a Tornaria found in British Seas (with Plates VII and VIII). By
G. C. Bourne. Journ. M.B.A. N.S.1i. 1889-90, p. 63.

. On Aleyonium pulmonis wnstar lobatum Ellis. By R. Hartmeyer.
Journ. M.B.A. N.S. x. 1913-15, p. 262.

. The Ciliary Mechanism of the Gill and the Mode of Feeding in
Amphioxus, Ascidians, and Solenomya togata. By J. H. Orton.
Journ. M.B.A. N.S. x. 1913-15, p. 19.

On a Hermaphrodite Specimen of Amphioxus with notes on Experi-
ments in Rearing Amphioxus. By J. H. Orton. Journ. M.B.A.
N.S. x. 1913-15, p. 506.

. The Production of living Clavellina Zooids in Winter by Experiment.
By J. H. Orton. Nature, cvii. 1921, p. 75.

The Identification and Validity of Certain Species of Ascidians. By
N. J. Berrill. Journ. M.B.A. N.S. xv. 1928, p. 159.

The Ascidian Fauna of the Plymouth Area. By N. J. Berrill. Journ.
M.B.A. N.8. xv. 1928, p. 177.

See also xliii, 40 ; 11, 7.

XLIII. MOLLUSCS.

. On the Gastric Gland of Mollusca and Decapod Crustacea : its
Structure and Functions. By C. A, MacMunn. Proceed. Roy.
Soc., vol. Ixiv. 1899, p. 436.

Notes on the Minute Structure of the Nervous System of the Mollusca.
By J. Gilchrist. Journ. Linn. Soc., vol. xxvi. 1897, p. 179.

. The Mollusca collected by the Hualey from the North Side of the Bay
of Biscay in August, 1906. By Alexander Reynell. Journ.
M.B.A. N.S. viii. 1907-10, p. 359.

On the Aplacophorous Amphineura of British Seas. By W. Garstang.
Proceed. Malacol. Soc., vol. ii.  Oct., 1896, p. 123.

Sound heard by a Lamellibranch (4nomia). By W. Bateson. Journ.
M.BA. NS.i 1889-90, p. 217.

. Some Points in the Physiology of Lamellibranch Blood-Corpuscles.
By G. H. Drew. Quart. Journ. Mier. Seci., vol. liv. 1910, p. 605.

The Origin and Formation of Fibrous Tissue produced as a Reaction
to Injury in Pecten maximus, as a Type of the Lamellibranchiata.
By G. H. Drew and W. De Morgan. Quart. Journ. Micr. Sci.,
vol. Iv. 1910, p. 595.
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Experimental Metaplasia. I. The Formation of Columnar Ciliated
Epithelium from Fibroblasts in Pecten. By G. H. Drew. Journ.
Exper. Zool., vol. x. 1911, p. 349.

. Anatomy of British Species of Psammobia. By H. H. Bloomer.

Proc. Malae. Soc., vol. ix. 1911, p. 231.

Notes on the Development of Mytilus edulis and Aleyonium digitatum
in the Plymouth Laboratory. By Annie Matthews. Journ.
M.B.A. N.8. ix. 1910-13, p. 557.

. On the Gastropod Colpodaspis pusille of Michael Sars. By W.

Garstang. Proceed. Zool. Soc. 1894, p. 664.
On the Anatomy of Trochus. By W. B. Randles. Report Brit.
Assoc., Glasgow. 1901, p. 377.

. Some Observations on the Anatomy and Affinities of the Trochidee.

By W. B. Randles. Quart. Journ. Micr. Sci., xIviii. 1904, p. 33.

. The Mode of Feeding of Crepidula, with an account of the current-

producing mechanism in the mantle cavity, and some remarks
on the Mode of Feeding in Gastropods and Lamellibranchs. By
J. H. Orton. Journ. M.B.A. N.S.ix. 1910-13, p. 444.

. British Nudibranchiate Mollusca. Supplement. By C. Eliot. Ray

Society, 1910.

A complete list of the Opisthobranchiate Mollusca found at Plymouth,
with further Observations on their Morphology, Colours, and
Natural History (with Plates XXVII, XXVIII). By W. Garstang.
Journ. M.B.A. N.8. 1 1889-90, p. 399.

Report on the Nudibranchiate Mollusca of Plymouth Sound. By
W. Garstang. Journ. M.B.A. N.S. i p. 173.

Nudibranchiata collected in the North Sea by the s.s. Hualey during
July and August, 1907. By C. L. Walton. Journ. M.B.A. N.S.
viil.  1907-10, p. 227.

On the Occurrence of the Nudibranch Hancockia at Plymouth. By
F. W. Gamble. Journ. M.B.A. N.S.ii. 1891-92, p. 193.

. Pleurophyllidia Lovéni Bergh. By J. T. Cunningham. Journ.

MBA. N.S.ii. 1891-92, p. 194,

. On the Structure and Habits of Jorunna Johnstoni. By W. Garstang.

Conchologist, vol. 1. 1983, p. 1.

. On the Relations of Hesse's Doto uncinata to the Genus Hancockia.

By W. Garstang. Conchologist, vol. ii. 1893, p. 110.

On Doris maculata, a new species of Nudibranchiate Mollusk found
at Plymouth. By W. Garstang. Journ. M.B.A. N.S.iv. 1895-97.
Pl BT

. Coryphella smaragdina. By J. C. Sumner. Journ. M.B.A. N.S. iii.

1893-95, p. 336.
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25. Cuthona ? aurantiaca. By J. C. Sumner. Journ. M.B.A. N.S. iv.
1895-97, p. 5.

26. Notes on some British Nudibranchs. By C. Eliot. Journ. M.B.A.
N.S. vii. 190406, p. 333.

27. On the Nematocysts of Folids. By G. H. Grosvenor. Proceed. Roy
Soe., Ixxii. 1903, p. 462.

28. On the Doris Planata of Alder and Hancock. By Sir C. N. E. Eliot.
Proceed. Malacol. Soc., vol. vi. 1904, p. 180.

29. Notes on Two Rare British Nudibranchs, Hero Formosa, var. Arbores-
cens, and Staurodoris maculata. By Sir C. N. E. Eliot. Proceed.
Malacol. Soc., vol. vi. 1905, p. 239.

30. The Pigments of Aplysia punctata. By C. A. MacMunn. Journ.
Physiol., vol. xxiv. 1899, p. 1.

31. On the Genus Cumanotus. By C. Eliot. Journ. M.B.A. N.8. viii.
1907-10, p. 313.

32. Some Notes on the Genus Cumanotus. By Nils Odhner. Journ.
M.B.A. N.8.ix. 1910-13, p. 82.

33. Note on a British Cephalopod (Illex eblane Ball). By W. E. Hoyle.
Journ. M.B.A. N.S.ii. 1891-92, p. 189.

34. Note on a Large Squid (Ommastrephes pteropus Stp.). By E. S.
Goodrich. Journ. M.B.A. N.S.ii. 1891-92, p. 314.

35. Specialized Organs seen in Action (Tentacles of Sepia). By J. T.
Cunningham. Journ. M.B.A. N.S. iil. 1893-95, p. 166.

36. Note on Sepia elegans, d’Orb. By E. W. L. Holt and W. I. Beaumont.
Journ. M.B.A. N.S. v. 1897-99, p. 343.

37. Eledone. By A. Isgrove. L.M.B.C. Memoirs, xviii. 1909.

38. The Brachiopoda collected by the Hualey from the North Side of
the Bay of Biscay, in August, 1906. By Alexander Reynell.
Journ. M.B.A. N.S. viii. 907-10, p. 392.

39. The Distribution of some Littoral Trochide and Littorinide in
Cardigan Bay. By Chas. L. Walton. Journ. M.B.A. N.S. x.
1913-15, p. 114.

40. On Ciliary Mechanisms in Brachiopods and some Polycheata, with
a Comparison of the Ciliary Mechanisms on the Gills of Molluscs,
Protochordata, Brachiopods, and Cryptocephalous Polychats,
and an Account of the Endostyle of Crepidula and its Allies.
By J. H. Orton. Journ. M.B.A. N.S. x. 1913-15, p. 283.

41. The Hydrogen lon Concentration of the Soil in relation to
Animal Distribution. By W. R. G. Atkins. Nature, cviii. 1921,
p. 568.

42. Note on the British Species of Anomia. By R. Winckworth. Proc.
Malac. Soc., xv. 1922, p. 32.
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The Hydrogen Ion Concentration of Soils and Natural Waters in
relation to Animal Distribution. By W. R. G. Atkins. Rep.
British Assoc. 1922, Sect. D.

Soil Reaction, Water Snails, and Liver Flukes. By W. R. G. Atkins
and M. V. Lebour. Nature, vol. exi. 1923, p. 83.

The Hydrogen Ion Concentration of the Soil and of Natural Waters
in relation to the Distribution of Snails. By W. R. G. Atkins and
M. V. Lebour. Sci. Proc. Roy. Dublin Soc., vol. xvii. 1923,
p. 233.

The Hydrogen Ion Concentration of the Soil and Natural Waters in
relation to Diseases other than Bacterial. By W. R. G. Atkins.
Parasitology, xv. 1923, p. 205.

The Habitats of Limnea truncatule and L. pereger in relation to
Hydrogen Ton Concentration. By W. R. G. Atkins and M. V.
Lebour. Sci. Proc. Roy. Dublin Soc., vol. xvii. 1924, p. 327.

On the Growth of some Lamellibranchs in relation to the Food
Supply of Fishes. By E. Ford. Journ. M.B.A. N.S. xiii. 1923~
95, p. 531.

. Land Mollusca on the Mewstone. By A. E. Ellis. Journ. Conchology,

xvii. 1924, p. 187.

An Amphoteric Substance in the Radula of the Whelk (Buccinum
undatum). By C. F. A. Pantin and T. H. Rogers. Nature, cxv.
1925, p. 639.

The Hydrogen Ion Concentration in the Gut of certain Lamelli-
branchs and Gastropods. By C. M. Yonge. Journ. M.B.A. N.S.
xiii.  1923-25, p. 938.

2. On the Occurrence of Onchidella celtica (Cuvier) on the Cornish Coast.

By F. S. Russell. Journ. M.B.A. N.S. xiii. 1923-25, p. 981.

. Notes on Nucula. By K. Hirasaka. Journ. M.B.A. N.S. xiv.

1926-27, p. 629.

. Ciliary Mechanisms in the Thecosomatous Pteropods. By C. M.

Yonge. Journ. Linn. Soe. Zool., xxxvi. 1926, p. 417.

5. The Disappearance of the Crystalline Style. By C. M. Yonge. Nature,

exvil. 1926, p. 691.

56. The Digestive Diverticula in the Lamellibranchs. By C. M. Yonge.

Trans. Roy. Soc. Edin., liv. 1926, p. 703.

. Structure and Function of the Organs of Feeding and Digestion in

the Septibranchs, Cuspidaria and Poromya. By C. M. Yonge.
Phil. Trans. Roy. Soc., London, cexvi. 1928, p. 434

See also xxxv-xxxviii ; xlix, 24 ; 1i, 7; lii, 14, 16 ; 1vii, 8; lvii, 12,
28, 31.
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XLIV. POLYZOA.

. On the Regeneration of Lost Parts in the Polyzoa. By S. F. Harmer.

Rep. Brit. Assoc. 1890.

. On the British Species of Crisia. By S. F. Harmer. Quart. Journ.

Micr. Sei., vol. xxxii. 1891, p. 127.

On the Occurrence of Embryonic Fission in Cyclostomatous Polyzoa.
By S. F. Harmer. Quart. Journ. Micr. Sci., vol. xxxiv. 1893,
p- 199.

. Note on New or Rare British Marine Polyzoa. By S. F. Harmer.

Journ. M.B.A. N.S. v. 1897-99, p. 51.

. On the Development of Tubulipora, and on some British and Northern

Species of this Genus. By S. F. Harmer. Quart. Journ. Micr.
Sci., vol. x1i, p. 73.

The Embryology of the Polyzoa. By T. H. Taylor. Report Brit.
Assoc. 1899.

. On the Early Stages in the Development of Flustrella hispida (Fabri-

cius), and on the Existence of a ““ Yolk Nucleus ” in the Egg of
this Form. By R. M. Pace. Quart. Journ. Micr. Sci., vol. i.
1906, p. 435.

On a Method of Rearing Larve of Polyzoa. By Dr. M. Hasper.
Journ. M.B.A. N.S.ix. 1910-13, p. 435.

. A New Habitat for Lozosoma phascolosomatum Vogt. By D. Atkins.

Journ. M.B.A. N.S. xiv. 1926-27, p. 749.

XLV. INSECTA, Erc.

. A List of Maritime, Sub-maritime, and Coast-frequenting Coleoptera

of South Devon and Cornwall, with especial Reference to the
Plymouth District. By J. A. Keys. Journ. M.B.A. N.S. xi.
1916-18, p. 497.

. Seashore Diptera. By J. W. Yerbury. Journ. M.B.A. N.8. xii.

1919-22, p. 141.

Obisium maritimum Leach, found at Wembury, near Plymouth,
together with its Original Description, and Short Notes on its
Geographical Distribution. By H. F. Barnes. Journ. M.B.A.
N.S. xiii. 1923-25, p. 746.

XLVI. CRUSTACEA.

. On some Rare and Interesting Crustacea from the Dogger Bank

collected by E. W. L. Holt, Esq. By Thomas Scott. Ann. and
Mag. Nat. Hist. (6) xiii. 1894, p. 412.
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2. The Crustacea of Devon and Cornwall. By A. M. Norman and
T. Scott. London, 1906, p. 1.

3. The Decapoda collected by the Hualey from the North Side of the
Bay of Biscay in August, 1906. By Stanley Kemp. Journ. M.B.A.
N.S. viii.  1907-10, p. 407.

4. Note on the Function of the Spines of the Crustacean Zocea (with
Plate XVI). By W. F. R. Weldon. Journ. M.B.A. N.8. i
1889-90, p. 169.

The Habits and Respiratory Mechanism of Corystes cassivelaunus.
(Contributions to Marine Bionomics, I.) By W. Garstang. Journ.
M.B.A. N.8.iv. 1895-97, p. 223.

6. The Functions of Antero-Lateral Denticulations of the Carapace in

Sand-burrowing Crabs. (Contributions to Marine Bionomics, I1.)
By W. Garstang. Journ. M.B.A. N.8. iv. 1895-97, p. 396.

. The Systematic Features, Habits, and Respiratory Phenomena of
Portumnus nasutus (Latreille). (Contributions to Marine Biono-
mies, IT1.) By W. Garstang. Journ. M.B.A. N.8. iv. 1895-97
p. 402.

8. On some modifications of Structure subservient to Respiration in
Decapod Crustacea which burrow in Sand. By W. Garstang.
Quart. Journ. Mier. Sei., vol. x1., p. 211.

9. On the Function of certain Diagnostic Characters of Decapod Crus-
tacea. By W. Garstang. Rep. Brit. Assoc., Liverpool. 1896,
p. 828.

10. On the Habits of Pinnotheres pisum. By A. D. Darbishire. Report
Brit. Assoc., Bradford. 1900, p. 399.

11. On the Species Upogebia stellata and Gebia deltura. By W. De Morgan.
Journ. M.B.A. N.S. viii. 1907-10, p. 475.

12. Some Points in the Histology of the Nervous System of the Embryonic
Lobster. By E. J. Allen. Proceed. Roy. Soc., vol. Iv. 1894,
p. 407.

13. Studies on the Nervous System of Crustacea. By K. J. Allen. I.
Some Nerve-elements of the Embryonic Lobster. 1I. The Stoma-
togastric System of Astacus and Homarus. III. On the Beading
of Nerve-fibres and on End-swellings. Quart. Journ. Micr. Sci.,
vol. xxxvi. 1894, p. 461. IV. Further- Observations on the
Nerve-elements of the Embryonic Lobster. Quart. Journ. Micr.
Sei., vol. xxxix. 1896, p. 33.

14. Nerve-elements of the Embryonic Lobster. By E. J. Allen. Journ.
M.B.A. N.S.iii. 1893-95, p. 208.

15. Additional Observations on the Nerve-elements of the Embryonic
Lobster. By E. J. Allen. Journ. M.B.A. N.S. iv. 1895-97,
p- 70.
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16. Das Nervensystem von Carcinus menas, 1, ii, and iii. By A. Bethe.
Archiv fiir Mikros. Anat., 1, 1897, pp. 460 and 589 ; and li, 1898,
p. 383. '

17. The Formation of the Germ Layers in Crangon vulgaris. By Professor
Weldon. Quart. Journ. Mier. Sci., vol. xxxiil. 1892, p. 343.

18. The Coelom and Nephridia of Palemon serratus (with Plates XIII
to XV). By W. F. R. Weldon. Journ. M.B.A. N.S.i. 1889-90,
p. 162.

19. The Renal Organs of Certain Decapod Crustacea. By Professor
Weldon. Quart. Journ. Mier. Seci., vol. xxxii. 1891, p. 279.

20. The Colour-physiology of Higher Crustacea. By F. Keeble and
F. W. Gamble. Phil. Trans. Roy. Soc. Ser. B, vol. 196. 1904,
p. 295.

21. Types of Crustacean Blood Coagulation. By John Tait. Journ.
M.B.A. N.8.ix. 1910-13, p. 191.

22. On the Nauplius Eye persisting in some Decapoda. By M. Robinson.
Quart. Journ. Mier. Sei., vol. xxxiii. 1892, p. 283.

23. The Minute Structure of the Gills of Pal@monetes varians. By E. J.
Allen. Quart. Journ. Mier. Sci., vol. xxxiv. 1892, p. 75.

24, Preliminary Account of the Nephridia and Body-cavity of the Larva
of Palwmonetes varians. By E. J. Allen. Proceed. Roy. Soc.,
vol. lii. 1892, p. 338.

. The Nephridia and Body-cavity of some Decapod Crustacea. By
E. J. Allen. Quart. Journ. Mier. Sci., vol. xxxiv. 1892-93, p. 403.

A Carcinus with a Right-handed Walking-leg on the Left Side of the
Abdomen. By A. Bethe. Journ. M.B.A. N.S. iv. 1895-97,
p. 144. 2
. Ein Carcinus menas (Taschenbrebs) mit einem rechten Schreitbein
an der linken Seite des Abdomens. Ein Beitrag zur Vererbungs-
theorie. By A. Bethe. Arch. Entwick. mech. iii. 1896, p. 301.
28. Metamorphoses of the Decapod Crustaceans Zgeon (Crangon)
Sasciatus Risso and Fgeon (Crangon) trispinosus (Hailstone).
By Robert Gurney. Proceed. Zool. Soc., London. 1903, ii, p. 24.

29. The Larvee of Certain British Crangonide. By R. Gurney. Journ.
M.B.A. N.8. vi. 1903, p. 595.

30. Pal@monetes varians in Plymouth. By W. F. R. Weldon. Journ.
M.B.A. N.S.i 1889-90, p. 459.

31. The Metamorphosis of Corystes cassivelaunus (Pennant). By R.
Gurney. Quart. Journ. Micr. Sei., xIvi, p. 461.

32. The Fixation of the Cypris Larva of Sacculina carcini (Thompson)
upon its Host, Carcinus maenas. By Geoffrey Smith. Quart.
Journ. Micr. Seci., vol. li. 1907, p. 625.
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33. Hermit Crabs and Anemones. By G. H. Fowler. Journ. M.B.A.
N.S.ii. 1891-92, p. 75.

34. On the Development of Nebalia. By Margaret Robinson. Quart.
Journ. Micr. Sei., vol. 50. 1906, p. 383.

35. Notes on Mysis longicornis Milne-Edwards and Mysidopsis angusta
G. O. Sars. By E. W. L. Holt and W. I. Beaumont. Journ.
M.B.A. NS.v. 1897-99, p. 314.

36. On Swriella armate (M.-Edw.) and the reputed occurrence of S.
Sfrontalis (M.-Edw.) in British Seas. By E. W. L. Holt and
W. I. Beaumont. Ann. and Mag. Nat. Hist. (7), iii. 1899,
p- 151.

37. Notes on some Amphipoda from the North Side of the Bay of Biscay.
Families Pleustidee and Eusiridee. By H. W. Sexton. Proc. Zool.
Soc. 1909, p. 848.

38. The Amphipoda collected by the Huzley from the North Side of the
Bay of Biscay in August, 1906. By E. W. Sexton. Journ. M.B.A.
N.S.ix. 1910-13, p. 199.

39. On the Amphipod Genus T'rischizostoma. By E. W. Sexton. Proc.
Zool. Soc. 1908, p. 370.

40. A new Amphipod Species, Tryphosites alleni. By K. W. Sexton.
Ann. and Mag. Nat. Hist., Ser. 8, vol. vii. 1911, p. 510.

41. On the Amphipod Genus Leptocheirus. By E. W. Sexton. Proc.
Zool. Soc. 1911, p. 561.

42. The Schizopoda and Isopoda collected by the Huzley from the North
Side of the Bay of Biscay, in August, 1906. By W. M. Tattersall.
Journ. M.B.A. N.S. viii. 1907-10, p. 189.

43. Some Brackish-water Amphipoda from the mouths of the Weser
and the Elbe, and from the Baltic. By E. W. Sexton. Proc. Zool.
Soc. Lond. 1912, p. 656.

44. Description of a New Species of Brackish-water Gammarus (G.
chevreuzi n. sp.). By E. W. Sexton. Journ. M.B.A. N.S. ix.
1910-13, p. 542.

45. Notes on the Life History of Gammarus chevreuxi. By E. W. Sexton
and Annie Matthews. Journ. M.B.A. N.S.ix. 1910-13, p. 546.

46. Notes on the Genus Monstrilla, Dana. By G. C. Bourne. Quart.
Journ. Mier. Sci., vol. xxx. 1890, p. 565.

47. Monstrilla Helgolandica Claus, at Plymouth. By R. Gurney. Journ.
M.B.A. N.S. vi. 1903, p. 627.

48. On the Early Development of Cirrhipedia. By T.T. Groom. Proceed.
Roy. Soc., vol. lii. 1892, p. 158.

49. The Distribution of Unciola crenatipalmate Bate. By W. Garstang.
Journ. M.B.A. N.S.iil. 1893-95, p. 119.
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50. Report on the Pelagic Copepoda collected at Plymouth in 1888-89
(with Plates XI and XII). By G. C. Bourne. Journ. M.B.A.
N.S. 1. 1889-90, p. 144.

51. The Movements of Copepoda. By Prof. E. W. MacBride. Quart.
Journ. Micr. Sei., vol. xlii. 1899, p. 505.

52. A list of the Parasitic Copepoda of Fish obtained at Plymouth.
By P. W. Bassett-Smith. Journ. M.B.A. N.8. iv. 1895-97,
p. 155.

53. Notes on the Parasitic Copepoda of Fish obtained at Plymouth, with
descriptions of New Species. By P. W. Bassett-Smith. Ann. and
Mag. Nat. Hist. (6), vol. xviil. 1896, p. 8.

54. Sur un Copépode nouveau parasite de Polycirrus aurantiacus Grube.
E. Brumpt. Comptes rendus. June 21, 1897.

55. Pyenogonida. By T. V. Hodgson. National Antarctic Expedition.
Natural History, vol. iii.  1907. '

56. The Pycnogonida of the Scottish National Antartic Expedition.
By T. V. Hodgson. Trans. Roy. Soc. Edin., vol. xlvi. 1908,
p. 159.

57. The Pycnogonida of Devonshire. By T. V. Hodgson. Trans. Devon-
shire Assoc., vol. xlii. 1910, p. 425,

58. On a Collection of Gammarus from the Kénigsherg Museum. By
E. W. Sexton. Schrifter Physik-(Ekonom. Gesellsch. Konigsberg,
vol. 54. 1913, p. 90.

59. Observations nouvelles sur les Trachelifer larves luciferiformes de
Jazxea nocturna. By Prof. E. L. Bouvier. Journ. M.B.A. N.S. x.
1913-15, p. 194.

60. Quelques mots sur le variabilité du Pycnogonum littorale Strom.
By Prof. E. L. Bouvier. Journ. M.B.A. N.8. x. 1913-15, p. 207.

61. On Anthura gracilis (Montagu). By E. W. Sexton. Journ. M.B.A.
N.8. x. 1913-15, p. 236.

62. Habit and Habitat in the Galatheidea : a Study in Adaptation. By
K. Zimmermann. Journ. M.B.A. N.S. x. 1913-15, p. 84.

63. Stages in the Life History of Calanus finmarchicus (Gunnerus) experi-
mentally reared by Mr. L. R. Crawshay in the Plymouth Labora-
tory. By Marie V. Lebour. Journ. M.B.A N.S. xi. 1916-18,
p- 1.

64. Notes on the Life History of Anaphia petiola (Kroyer). By Marie V.
Lebour. Journ. M.B.A. N.S. xi. 1916-18, p. 51.

65. The Development of the Species of Upogebia from Plymouth Sound.
By Gladys E. Webb. Journ. M.B.A. N.S. xii. 1919.

66. The Larvee of the Decapoda Macrura and Anomura of Plymouth.
By G. E. Webb. Journ. M.B.A. N.S. xii. 1919-22, p. 385.
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The Relationship between the Common Hermit Crab (Eupagurus
bernhardus) and the Anemone (Sagartia parasitica). By J. H.
Orton. Nature, ex. 1922, p. 735.

Some Notes on Leander longirostris M. Edwards and other British
Prawns. By R. Gurney. Proc. Zool. Soc., London. 1923, p. 97.

The Larval Stages of Processa canaliculata Leach. By R. Gurney.
Journ. M.B.A. N.S. xiii. 1923-25, p. 245.

The Zoea of Eurynome aspera. By R. Gurney. Journ. M.B.A. N.S.
xiii. 1923-25, p. 433. -

On the Amphipod Genus Z'alitrus, with a Description of a New Species*
from the Scilly Isles, T. Dorriens n. sp. By O. D. Hunt. Journ.
M.B.A. N.S. xiii. 1923-25, p. 854.

The Euphausiide in the Neighbourhood of Plymouth and their
Importance as Herring Food. By M. V. Lebour. Journ. M.B.A.
N.S. xiil. 1923-25, p. 402.

The Euphausiidze in the Neighbourhood of Plymouth. II. Nyeti-
phanes Couchii and Meganyetiphanes norvegica. By M. V. Lebour.
Journ. M.B.A. N.S. xiii. 1923-25, p. 810.

The Eggs and Newly Hatched Larva of Typton spongicola O. G. Costa.
By M. V. Lebour. Journ. M.B.A. N.S. xiii. 1923-25, p. 848.
The Larval Development of some British Prawns (Palemonide). 11.
Leander longirostris and Leander squille. By R. Gurney. Proc.

Zool. Soc., London. 1924, p. 961.

The Moulting and Growth-stages of Gammarus, with Descriptions of
the Normals and Intersexes of G. chevreuxi. By K. W. Sexton.
Journ. M.B.A. N.8. xiii. 1923-25, p. 340.

On Nocturnal Colour-change in the Pea Crab (Pinnotheres veterum).
By D. Atkins. Nature, exvii. 1926, p. 415.

The Moulting Stages of the Pea Crab (Pinnotheres pisum). By
D. Atkins. Journ. M.B.A. N.8. xiv. 1926-27, p. 475.

The Euphausiide in the Neighbourhood of Plymouth. III. 7%y-
sanoessa nermis. By M. V. Lebour. Journ. M.B.A. N.S. xiv.
1926-27, p. 1.

. The Young of Stylocheiron Submii G. O. Sars and Stylocheiron abbre-

vietum, G. O. Sars (Crustacea), from Mediterranean Plankton
collected by Mr. F. S. Russell, in the Neighbourhood of Alexandria,
Egypt. By M. V. Lebour. Proc. Zool. Soc., London. Part 1.
1926, p. 203.

On some Larval Euphausiids from the Mediterranean in the Neigh-
bourhood of Alexandria, Hgypt, collected by Mr. F. S. Russell.
By M. V. Lebour. Proc. Zool. Soc., London. Part III. 1926,
p. 765.
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82

83.

84.

86.

87.

38.

89.

. A General Survey of Larval Euphausiids, with a Scheme for their
Identification. By M. V. Lebour. Journ. M.B.A. N.S. xiv.
1926-27, p. 519.

On the Mode of Feeding of the Hermit Crab, Eupagurus Bernhardus,
and some other Decapoda. By J. H. Orton. Journ. M.B.A.
N.S. xiv. 1926-27, p. 909. '

A Revision of the Genus ““ Portunus ” (A. Milne-Edwards, Bell, etc.).
By R. Palmer. Journ. M.B.A. N.8. xiv. 1926-27, p. 877.

5. The Absence of a Cellulase in Limnoria. By C. M. Yonge. Nature,

exix. 1927, p. 855.

On the Feeding Mechanism of a Mysid Crustacean, Hemimysis
Lamorne. By H. G. Cannon and S. M. Manton. Trans. Roy.
Soc., Edin., Iv. 1927, p. 219.

On the Feeding Mechanism of Nebalia lipes. By H. G. Cannon.
Trans. Roy. Soc. Edin., Iv. 1927, pp. 355-369.

On the Rearing and Breeding of Gammarus in Laboratory Conditions.
By E. W. Sexton. Journ. M.B.A. N.8. xv. 1928, p. 33.

Note on the Tail-organs of Acetes. By Y6. K. Okada. Ann. Mag.
Nat. Hist., Ser. x, No. 1. 1928, p. 308.

See also xxxix; liv, 26, 34 1vii, 33, 35, 39, 43 ; lvii, 1-3, b, 14,
21, 24-26, 29, 30, 32, 33.

XLVII. ANNELIDS.

. The Incubation of the Skate-leech, Pontobdella muricata, Linn. By

E. W. L. Holt. Journ. M.B.A. N.8.v. 1897-99, p. 195.

. Notes on Pontobdella muricata. By the Hon. Henry Gibbs. Journ.

M.B.A. N.S.v. 1897-99, p. 330.
. Contributions to the Anatomy and Histology of Thalassema neptuni
Gaertner. By H. L. Jameson. Jena. Fischer. 1899.
Notes on the Marine Oligochwta of Plymouth. By F. E. Beddard.
Journ. M.B.A. N.S.i. 1889-93, p. 69.
Certain Points in the Structure of Clitellio. By F. E. Beddard.
Proceed. Zool. Soc. 1888, p. 485.

. On some British Species of Pachydrilus. By F. E. Beddard. Proceed.

Roy. Phys. Soc., Edinburgh. 1889.

The Nephridium-of Lumbricus, with Remarks on the Nephridia of
other Chaztopods. By W. B. Benham. Quart. Journ. Mier. Sci.,
vol. xxxii. 1891, p. 293.

. The Amphinomida, Aphroditidee, Polynoide, and Sigalionide of

Plymouth and the English Channel. By T. V. Hodgson. Journ.
M.B.A. N.S. vi. 1900, p. 218,
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9. On the Nephridia of the Polychzeta, iii. By K. S. Goodrich. Quart.
Journ. Micr. Sei., xliii. 1900, p. 699.
10. List of Polychaets taken at Plymouth. (Report on the Occupation
of Table.) By Florence Buchanan. Rep. Brit. Assoc. 1892.
11. The Anatomy and Classification of the Arenicolidee, with some
Observations on their Post-larval Stages. By F. W. Gamble and
J. H. Ashworth. Quart. Journ. Micr. Sci., xlii. 1900, p. 419.
12. Report on Nerves of Arenicola, Nereis, etc. By F. W. Gamble.
Report Brit. Assoe. 1898, p. 584.
13. The Post-larval Stage of Arenicola marina. By W. B. Benham.
Journ. M.B.A. N.§. iil. 1893-95, p. 48.
14. The Connections of the Gonadial Blood Vessels and the Form of the
Nephridia in the Arenicolidee. By E. R. Downing. Biol. Bull,
vol. xvi. 1909, p. 246.
15. Note on the Early Larvee of Nephthys and Glycere. By H. M. Fuchs.
Journ. M.B.A. N.S.ix. 1910-13, p. 164.
16. On a Blood-forming Organ in the Larva of Magelona. By Florence
Buchanan. Report Brit. Assoc. 1895, p. 469.
17. Pallasia murata n. sp. : A New British Sabellarian. By E. J. Allen.
Journ. M.B.A. N.S. vii. 190406, p. 299.
18. Observations on the Habits of the Onuphide. By A. T. Watson.
Trans. Liverpool Biol. Soc., vol. xvii. 1903, p. 303.
19. The Anatomy of Peecilocheetus. By E. J. Allen. Quart. Journ.
Mier. Sci., vol. xIviii. 1904, p. 79.
20. On the Anatomy of Histriobdells homari. By C. Shearer. Quart.
Journ. Micr. Sci., vol. Iv. 1910, p. 287.
21. Notes on the Anatomy of Dinophilus (with Plates IX and X). By
S. F. Harmer. Journ. M.B.A. N.8.i. 1889-90, p. 119.
22. On the Structure of the Nephridia of Dinophilus. By Cresswell
Shearer. Quart. Journ. Micr. Sci., vol. 1. 1906, p. 517.
23. Polychweta of Plymouth and the South Devon Coast including a
List of the Archiannelida. By E. J. Allen. Journ. M.B.A. N.8. x.
1913-16, p. 592.
24. Calliobdella lophii Van Beneden and Hesse. By W. Harold Leigh-
Sharpe. Journ. M.B.A. N.S. x. 1913-15, p. 81.

. On Leptonereis glauea Clpe. and the Genus Leptonereis Kinburg.
By L. N. G. Ramsay. Journ. M.B.A. N.S8. x. 1913-15,
p. 244,

26. Notes on the (Beology of Cirratulus (Audouinia) tentaculatus (Mon-
tagu). By F. W. Flattely. Journ. M.B.A. N.S. xi. 1916-18,
p. 60.

]
=t



XLVI-XLVII PUBLICATIONS RECORDING RESULTS OF RESEARCHES. 803

9

=1

. Polychwmta from the North-east Pacific : The Chewtopteride. With

an Account of the Phenomenon of Asexual Reproduction in
Phyllochwtopterus and the Description of Two New Species of
Chaetopteride from the Atlantic. By F. A. Potts. Proc. Zool. Soc.
1914, p. 955.

28. Calliobdella lophii. By W. H. Leigh-Sharpe. Parasitology, vol. vii.

1914, p. 204.

29. On the Occurrence of the Archiannelids, Saccocirrus, and Protodrilus,

30.

31.

33.

34.
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on the South and West Coasts of England. By J. H. Orton.
Nature, ex. 1922, p. 574.

Regeneration and Reproduction of the Syllid Procerastea. By E. J.
Allen. Phil. Trans. Roy. Soc., London, B, cexi. 1923, p. 131.
Fragmentation in the Genus Autolytus and in other Syllids. By

E. J. Allen. Journ. M.B.A. N.S. xiv. 1926-27, p. 869.

2. The Control of the Beat of the Fan Segments in Chatopterus vario-

pedatus. By N. J. Berrill. Nature, cxix. 1927.

The Post-Larval Development of Loimia medusa Sav. By D. P.
Wilson. Journ. M.B.A. N.8. xv. 1928, p. 129.

Regeneration in the Polychet Chetoplerus variopedatus. By N. J.
Berrill. Journ. M.B.A. N.S. xv. 1928, p. 151,

5. The Larvee of Polydora ciliata Johnston and Polydora hoplura Clap-

aréde. By Douglas P. Wilson. Journ. M.B.A. N.S. xv. 1928,
p- 567.

See also xliil. 40 ; lii, 18, 24 ; lviii, 18, 19.

XLVIII. NEMERTINES, TURBELLARIA, Etc.

. A List of the Nemertines of Plymouth Sound. By T. H. Riches.

Journ. M.B.A. N.S. . 1893-95, p. 1.

2. List of Nemerteans collected in the Neighbourhood of Plymouth from

May-September, 1910. By Dr. Gerarda Wijnhoff. Journ. M.B.A.
N.S. ix. 1910-13, p. 407.

Die Systematik der Nemertinen. By Dr. G. Wijnhoff. Zool. Anzeiger,
Bd. xI. 1912, p. 337.

A New British Nemertine. By T. H. Riches. Journ. M.B.A. N.S. i1
1891-92, p. 284.

Description of a New Species of Nemertine. By J. C. Sumner. Ann.
and Mag. Nat. Hist. (6), vol. xiv. 1894,

On Two New British Nemerteans. By R. (. Punnett. Quart. Journ.
Micr. Sci., xliv. 1901, p. b47.
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7. Die Gattung Cephalothrix und ihre Bedeutung fiir die Systematik der
Nemertinen. II. Systematischer Teil. By Dr. Gerarda Wijnhoff.
Zool. Jahrh., Bd. xxxiv. 1913, p. 291.

8. Contributions to a Knowledge of British Marine Turbellaria. By
F. W. Gamble. Quart. Journ. Mier. Sci., vol. xxxiv. 1892-93,
p. 433.

9. The Turbellaria of Plymouth Sound and the Neighbourhood. By
F. W. Gamble. Journ. M.B.A. N.S. . 1893-95, p. 30.

10. A Review of the British Marine Cercarize. By M. V. Lebour. Para-
sitology, vol. iv. 1912, p. 416.

11. On Two New Trematode Parasites from British Food-Fishes. By
W. Nicoll. Parasitology, vol. v. 1912, p. 197.

12. New Trematode Parasites from Fishes of the English Channel. By
William Nicoll. Parasitology, vol. v. 1913, p. 238.

13. The Influence of Osmotic Pressure upon the Regeneration of Gunda
ulve. By D. Jordan Lloyd. Proc. Roy. Soc., vol. Ixxxvill.
1914, p. 1.

14. The Trematode Parasites of Fishes from the English Channel. By
W. Nicoll. Journ. M.B.A. N.8. x. 1913-15, p. 466.

15. Medusee as Hosts for Larval Trematodes. By Marie V. Lebour.
Journ. M.B.A. N.S. xi. 1916-18, p. 57.

16. Some Parasites of Saguita bipunctate. By Marie V. Lebour. Journ.
M.B.A. N.8. xi. 1916-18, p. 201.

17. A Trematode Larva from Buccinum undatum and Notes on Trema-
todes from Post-larval Fish. By Marie V. Lebour. Journ. M.B.A.
N.S. xi. 1916-18, p. 514.

18. Report on the Life History of Hemiurus communis Odhner. By
M. V. Lebour. Parasitology, vol. xv. 1923, p. 233.

19. A Revised Classification of the Tetraphyllidean Cestoda, with Descrip-
tions of some Phyllobothriide from Plymouth. By W. N. F.
Woodland. Proe. Zool. Soc., London. 1927, iii, p. 519.

20. On Dinobothrium septaria Van Beneden 1889, and Parabothrium
vulviferum Nybelin 1922. By W. N. F. Woodland. Journ.
Parasitology, xiil. 1927, p. 231

XLIX. ECHINODERMS.

1. Notes on the Fchinoderms collected by Mr. Bourne in Deep Water
off the South-west of Ireland in H.M.S. Research. By F. Jeffrey
Bell. Journ. M.B.A. N.8.i. 1889-90, p. 324.

2. The Echinoderms collected by the Huaxley from the North Side of
the Bay of Biscay in August, 1906. By W. De Morgan. Journ.
M.B.A. N.S.ix. 1910-13, p. 530.
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3. On the Echinoderm Fauna of Plymouth. By J. C. Sumner. Report
Brit. Assoc. 1895, p. 471.
4. The Organogeny of Asterina gibbosa. By E. W. MacBride. Proceed.
Roy. Soe., vol. liv. 1893, p. 431.
The Development of Asterina gibbosa. By E. W. MacBride. Quart.
Journ. Micr. Sei., vol. xxxviil. 1895-96, p. 339.

6. Report on the Work done during the Occupation of the British
Association Table at Plymouth, June, 1905. (Development of
Ophiothriz fragilis.) By E. W. MacBride. Report Brit. Assoc.
South Africa, 1905, p. 183.

. The Development of Ophiothriz fragilis. By Prof. E. W. MacBride.
Quart. Journ. Mier. Sei., vol. li. 1907, p. 557.

8. Some Points in the Development of Ophiothriz fragilis. By Prof.

E. W. MacBride. Proc. Roy. Soc., Ser. B, vol. Ixxix. 1907, p. 440.

9. The Growth of the Oocyte in Antedon : a Morphological Study in

Cell-Metabolism. By G. C. Chubb. Proceed. Roy. Soc., B, 519.
1906, p. 384. See also Phil. Trans. Roy. Soc., Ser. B, vol. 198.
1906, p. 447.

10. On some Bipinnarize from the English Channel. By W. Garstang.
Quart. Journ. Micr. Sei., vol. xxxv. 1894, p. 451.

11. The Development of Echinoids. Part I. The Larve of Echinus
miliaris and Eehinus esculentus. By Prof. E. W. MacBride.
Quart. Journ. Mier. Sei., vol. xlii. 1899, p. 335.

12. The Development of Echinus esculentus. By E. W. MacBride. Proc.
Roy. Soc., 68, p. 268. Also Phil. Trans. Roy. Soc., 1903, p. 285.

13. The Rearing of Larve of Echinidee. By Prof. E. W. MacBride.
Report Brit. Assoc., 1899.

14. Notes on the Rearing of Echinoid Larve. By Prof. B. W. MacBride.
Journ. M.B.A., vol. vi. 1900, p. 94.

15. Cytological Observations on the Early Stages of Segmentation of
Echinus Hybrids. By L. Doncaster and J. Gray. Quart. Journ.
Mier. Sei., lviii. 1912-13, p. 483.

16. On some Parasites found in Echinus esculentus L. By A. E. Shipley.
Quart. Journ. Micr. Sei., xliv. 1901, p. 281.

17. Notiz iiber die Excretion der Holothurien. By P. Barthels. Zool.
Anzeiger. 1895, p. 493.

18. Note on the Mechanism of Discharge of the Cuvierian Organs of
Holothuria nigra. By G. R. Mines. Quart. Journ. Micr. Sci.,
vol. Ivii. 1912, p. 301.

19. On Cucumaria Montagui Fleming. By A. M. Norman. Ann. Mag.
Nat. Hist., Ser. 7, vol. xvi. 1905, p. 352.
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20. Note on Two Species of Cucumaria from Plymouth, hitherto confused
as C. Montagui (Fleming) : C. Normani n. sp., and C. sazicola
(Brady and Robertson). By S. Pace. Journ. M.B.A. N.S. vii.
1904-06, p. 305.

21. Twin Gastrule and Bipinnariee of Luidia sarsi Diiben and Koren.
By James F. Gemmill. Journ. M.B.A. N.S. x. 1913-15, p. 577.

22. On the Development of some British Echinoderms. By Dr. Th.
Mortensen. Journ. M.B.A. N.S. x. 1913-15, p. 1.

23. On some Plymouth Holothurians. By J. H. Orton. Journ. M.B.A.
N.S. x. 1913-15, p. 211.

24 On the Breeding Habits of Echinus miliaris, with a Note on the Feed-
ing Habits of Patelle vulgata. By J. H. Orton. Journ. M.B.A.
NS. x. 1913-15, p. 254.

25. Note on the Occurrence of Echinus esculentus above Low-tide Mark
on the Cornish Coast. By E. Trewavas. Journ. M.B.A. N.S. xii.
1919-22, p. 833.

26, Dedifferentiation in Hchinus Larve, and its relation to Metamor-
phosis. By J. S. Huxley. Biol. Bull,, xliii. 1922, p. 210.

27. The Breeding Period of Echinus miliaris. By J. H. Orton. Nature,
cxi. 1923, pp. 878-79.

28. The Early Development of Astropecten irreqularis, with Remarks on
Duplicity in Echinoderm Larve. By H. G. Newth. Quart. Journ.
Micr. Sei., Ixix. 1925, p. 519.

See also li, 7, 8; lii, 2, 11, 22; lvii, 10, 11, 12, 40, 45 ; lviii, 15-17,
20, 22,

L. COELENTERATES.

1. Tealia tuberculata Cocks : a Study in Synonymy (with Plate XIX).
By J. T. Cunningham. Journ. M.B.A. N.S. 1, p. 205.

On Phellia murocincte (Gosse). By C. L. Walton. Journ. M.B.A.
N.S. viii. 190710, p. 47.

3. Notes on some Sagartiide and Zoanthide from Plymouth. By C. L.
Walton. Journ. M.B.A. N.8. viii. 1907-10, p. 207.

4. Actiniz collected by the s.s. Huzley in the North Sea during the
Summer of 1907. By €. L. Walton. Journ. M.B.A. N.S. viil
1907-10, p. 215.

5. Kodioides borleyi n. sp. By C. L. Walton. Journ. M.B.A. N.S. ix.
1910-13, p. 85.

6. On some Colour Variations and Adaptations in Actinice. By C. L.

Walton. Journ. M.B.A. N.8. ix. 1910-13, p. 228.
. Notes on various British Anthozoa. By C. L. Walton. Journ.
M.B.A. N8 ix. 1910-13, p. 236.
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The Alcyonaria, Antipatharia, and Madreporaria collected by the
Hualey from the North Side of the Bay of Biscay in August, 1906.
By Prof. 8. J. Hickson. Journ. M.B.A. N.8. viii. 1907-10, p. 6.

Some Preliminary Notes on the Anatomy and Habits of Aleyonium
digitatum. By 8. J. Hickson. Rep. Brit. Assoc. 1892.

The Anatomy of Aleyonium digitatum. By Prof. S. J. Hickson.
Quart. Journ. Micr. Sci., vol. xxxvii. 1894-95, p. 343.

Report on Mr. J. H. Wandsworth’s collection of material for the
Study of the Embryology of Aleyonium. By Prof. S. J. Hickson.
Report Brit. Assoc. 1898, p. 58b5.

. Notes on the Maturation of the Ovum of Aleyonium digitatum. By

M. D. Hill. Quart. Journ. Micr. Sei., vol. xliv. 1905, p. 493.

. Virgularia mirabilis. By W. P. Marshall. Journ. M.B.A. N.S. iii.

1893-95, p. 335.

. Notes on the Hydroids of Plymouth (with Plate XXVI). By G. C.

Bourne. Journ. M.B.A. N.S8. 1. 1889-90, p. 321.

. The Hydroids collected by the Hualey from the North Side of the

Bay of Biscay in August, 1906. By E. T. Browne. Journ. M.B.A.
N.S. viii. 1907-10, p. 15.

. Tektonische Studien an Hydroidpolypen. By Hans Driesch.

Jenaische Zeitschrift. Vols. xxiv and xxv.

. On some Points in the Histology and Development of Myriothela

phrygia. By W. B. Hardy. Quart. Journ. Micr. Sci., vol. xxxii.
1891, p. 505.

. Notes on Plymouth Hydroids. By Prof. . C. Nutting. Journ.

M.B.A. N.S. iv. 1895-97, p. 146.
Notes on the Reproduction of Plumularian Hydroids. By Prof. C. .
Nutting. American Naturalist, Nov., 1895, p. 966.

. Notes on Plymouth Hydroids. By Prof. C. C. Nutting. Bull. Lab.

Nat. Hist. Towa. Vol. iv, No. 1, p. 1.

21. On Three New Species of Hydroids and one new to Britain. By

Prof. C. C. Nutting. Ann. and Mag. Nat. Hist. (7)i. 1898, p. 362.

22. On Tubularia crocea in Plymouth Sound. By E. T. Browne. Journ.

MB.A. NS.v. 1897-99, p. 54.

. On the Occurrence of a Northern Hydroid, Healatractus (Corymorpha)

nanus (Alder), at Plymouth. By Dr. E. Stechow. Journ. M.B.A.
N.S.ix. 1910-13, p. 404.

24. On British Hydroids and Meduse. By E. T. Browne. Proceed.

Zool. Soc. London. 1896, Part II, p. 459.

. On British Medus®. By E. T. Browne. Proceed. Zool. Soc. London.

1897, p. 816.

. On Keeping Medusee Alive in an Aquarium. By E. T. Browne.

Journ. M.B.A. N.8. v, 1897-99, p. 176.
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33.

34.

36.

37.

38.

39.

41.

42,
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. A New Method for Growing Hydroids in Small Aquaria by means of

a Continuous Current Tube. By E. T. Browne. Journ. M.B.A.
N.S. viii.  1907-10, p. 37.

28. Saphenia mirabilis Haeckel. By J. T. Cunningham. Journ. M.B.A.

N.S. i, 1891-92, p. 194.

29. A Further Note on the Gonadial Grooves of a Medusa, Adurelia aurita.

By T. Goodey. Proc. Zool. Soc., 1909, p. 78.

. On a Species of Siphonophore observed at Plymouth. By J. T.

Cunningham. Journ. M.B.A. N.S.ii. 1891-92, p. 212.

. Muggiea atlantica. By J. T. Cunningham. Journ. M.B.A. N.8. ii.

1891-92, p. 398.

2. On the Distribution and the Migrations of Muggiea atlantica Cunning-

ham, in the English Channel, the Irish Sea, and off the South and
West Coasts of Ireland in 1904¢. By L. H. Gough. Conseil Perm.
Internat. pour 'Explor. d. 1. Mer. Publications de Circonstance,
No. 29. 1905, p. 1.

Spontaneous Fission in Hydroids. By P. L. Kramp. Vidensk.
Meddel. fra Danske naturh. Foren. Bd. 67. 1915, p. 211.

The Development of Aleyonium digitatum, with some Notes on the
Early Colony Formation. By Annie Matthews. Quart. Jour.
Micr. Sci., vol. 62. 1916, p. 43.

5. A Study of Restitution Masses formed by the Dissociated Cells of the

Hydroids, Antennularia ramosa and A. antennina. By W. De
Morgan and the late Gt. H. Drew. Journ. M.B.A. N.S.x. 1913-15,
p- 440.

On Eloactis mazeli. By Olwen M. Rees. Journ. M.B.A. N.S. x.
1913-15, p. 70.
Contributions to the Comparative Anatomy of some British Actiniz.
By Olwen M. Rees. Journ. M.B.A. N.8. x. 1913-15, p. 521.
Note on Two Unrecorded Plumularian Hydroids from the Plymouth
Area. By J. Ritchie. Journ. M.B.A. N.S. x. 1913-15, p. 260.

Some Rare and Interesting Sea Anemones from Plymouth. By
Chas. L. Walton and Olwen M. Rees. Journ. M.B.A. N.S. x.
1913-15, p. 60.

. Note on the Systematic Position and Distribution of the Actinian

Sagartia lucice. By J. P. McMurrich. Proc. Zool. Soc. London.
1921, p. 729.

The Mode of Feeding of the Jelly-fish Aurelia awrita on the Smaller
Organisms of the Plankton. By J. H. Orton. Nature, cx. 1922,
p. 178.

The Genus Ilyanthus Forbes. By T. A. Stephenson. Journ. M.B.A.
N.S. xii. 1919-22, p. 819.
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Studies in Dedifferentiation. IV. Resorption and Differential Inhibi-
tion in Obelia and Campanularia. By J. 8. Huxley and G. R. de
Beer. Quart. Journ. Micr. Sci., Ixvii. 1923, p. 473.

On a New British Sea Anemone. By T. A. Stephenson. Journ.
M.B.A. N.S. xiii. 1923-25, p. 880.

. On the Anatomy and Relationships of New or Little-known British
Actiniaria. By E. M. Stephenson. Journ. M.B.A. N.S. xiii.
1923-25, p. 891.

The British Edwardsidee. By Oskar Carlgren and T. A. Stephenson.
Journ. M.B.A. N.S. xv. 1928, p. 1.

See also xliii, 10 ; xlvi, 33, 67 ; Iviii, 4, 8-10.

LI. SPONGES.

. Notes on Plymouth Sponges. By George Bidder. Journ. M.B.A.
N.S. vi. 1902, p. 376.

. Note on a Sieve-like Membrane across the Oscula of a Species of
Levcosolenie. By E. A. Minchin. Quart. Journ. Mier. Sci., vol.
xxxiil. 1892, p. 251.

. The Characters and Synonymy of the British Species of Sponges of
the Genus Leucosolenia. By K. A. Minchin. Proceed. Zool. Soc.
Lond., vol. 1. 1904, p. 349.

The Collar-cells of Heteroceela. By George Bidder. Quart. Journ.
Micr. Sei., vol. xxxviil.  1895-96, p. 9.

The Skeleton and Classification of Calcareous Sponges. By George
Bidder. Proceed. Roy. Soc., vol. Ixiv. 1898, p. 61.

Studies in Spicule Formation. Parts i-iv. By W. Woodland.
Quart. Journ. Micr. Sei., vol. xlix. 1905, pp. 231 and 533.

Studies in Spicule Formation. By W. Woodland. v—The Sclero-
blastic Development of the Spicules in Ophiuroidea and Echinoidea,
and in the Genera Antedon and Synapta. vi-—The Scleroblastic
Development of the Spicules in some Mollusca, and in one Genus
of Colonial Ascidians. Quart. Journ. Micr. Sci., vol. 1i. 1907,
pp. 31-53.

. Studies in Spicule Formation. By W. Woodland. vii—The Sclero-
blastic Development of the Plate-and-Anchor Spicules of Synapta,
and the Wheel Spicules of the Auricularia Larva. Quart. Journ.
Micr. Sci., vol. li. 1907, p. 483.

. A Preliminary Consideration as to the possible Factors concerned
in the Production of the various Forms of Spicules. By W.
Woodland. Quart. Journ. Micr. Sei., vol. li. 1907, pp. 55-79.
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10. A Method of Separating Sponge Spicules by Filtration. By L. R.
Crawshay. Journ. M.B.A. N.S. x, p. 590.

11. On the Occurrence of Aphroceras (Leucandra) cliarensis Stephens,
near Plymouth. By Prof. A. Dendy. Journ. M.B.A. N.S. x.
1913-15, p. 258.

12. The Fragrance of Calcinean Sponges and Spermatozoa of Guancha
and Sycon. By G. P. Bidder. Journ. Linn. Soec., xxxiv. 1920.

13. Syncrypta spongiarum nova. By G. P. Bidder. Journ. Linn. Soc.,
xxxiv. 1920.

14. Notes on the Physiology of Sponges. By G. P. Bidder. Journ. Linn.
Soe., xxxiv. 1920.

15. Further Studies on Restitution-bodies and free Tissue-culture in
Sycon. By J. 8. Huxley. Quart. Journ. Micr. Sci., Ixv. 1921,
p- 293.

16. An Experimental Effect of Light on the Sponge, Oscarelle. By J. H.
Orton. Nature, exiii. 1924, p. 924

See also x1; lvii, 8 ; lviii, 23.

LII. PROTOZOA.

1. Contributions to the Life History of the Foraminifera. By J. J.
Lister. Phil. Trans. Roy. Soc., vol. clxxxvi. 1895, p. 401.

Observations on the Gregarines of Holothurians. By K. A. Minchin.
Quart. Journ. Micr. Sei., vol. xxxiv. 1893, p. 279.

3. Life History of Sporozoa. By H. M. Woodcock. Brit. Assoc. Report,
Belfast, 1902.

4. Studies on some Sporozoan Parasites of Sipunculoids. 1. The Life
History of a New Actinomyxidian, Tetractinomyxon intermedium
g. et sp. nov. By I. Ikeda. Arch. f. Protistenkunde, Bd. 25. 1912,
p- 240.

5. On Myxosporidia in Flat-fish. By H. M. Woodcock. Report for
1903 on the Lancashire Sea Fisheries Laboratory, p. 46.

6. On Cystobia irregularis (Minch.) and Allied ©* Neogamous ** Gregarines.
By H. M. Woodcock. Arch. Zool. Expér. et Gén. Notes et Revue,
1904, No. 8.

7. The Life-Cycle of *“ Cystobia ™ irreqularis (Minch.), together with
Observations on other “ Neogamous” Gregarines. By H. M.
Woodcock. Quart. Journ. Mier. Sei., vol. 1. 1906, p. 1.

8. Notes on the Choanoflagellate Genera Salpingeca and Polywca, with
Description of Polywca dumosa sp. n. By J. 8. Dunkerly. Ann.
and Mag. Nat. Hist., Ser. 8, vol. v. 1910, p. 186.
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. Note on our Present Knowledge of the Choanoflagellata. By J. S.

Dunkerly. Journ. Quekett Micro. Club. 1910, p. 19.

Some Observations on Acinetaria. By C. H. Martin. Quart. Journ.
Micr. Sei., vol. lii. 1909, p. 629.

On the Life History of the Sporozoa of Spatangoids, with Observa-
tions on some Allied Forms. By H. L. M. Pixell-Goodrich. Quart.
Journ. Micr. Sei., vol. Ixi. 1915, p. 81.

Minchinia : A Haplosporidian. By H. L. M. Pixell-Goodrich.
Proc. Zool. Soc. 1915, p. 445,

Haplosporidium nemertis nov. sp. By P. Debaisieux. C.R. Soc.
Biol., Paris, T. Ixxxii. 1919, p. 1399.

Quelques Protozoaires parasites des Chitons et des Patelles. By P.
Debaisienx. C.R. Soc. Biol., Paris, T. Ixxxii. 1919, p. 1400.

. Haplosporidium (Minchinia) chitonis Lank., Haplosporidium nemertis
nov. sp., and the group of Haplosporidia. By P. Debaisieux.
La Cellule, T. xxx, fase. 2. 1920, p. 291.

Note sur deux Coccidies des Mollusques @ Pseudoklossia (?) patelle
et P. chitonis. By P. Debaisieux. La Cellule, T, xxxii, fasc. 2,
p. 231.

The Spore of Thelohania. By H. L. M. Pixell-Goodrich. Arch. Zool.
Exp. et Gen., lix. Notes et Revues, No. 1. 1920, p. 17.

Gonospora minchinii n. sp., a Gregarine inhabiting the egg of Areni-
cola. By E. 8. Goodrich and H. L. M. Pixell-Goodrich. Quart.
Journ. Mier. Sci., vol. Ixv, Pt. I, N.5. 1920.

Nuclear Division in the Dinoflagellate, Oxyrrhis marina Duj. By
J. 8. Dunkerly. Proc. Roy. Phys. Soc., Edin., vol. xx. 1921,
p. 217.

. Rhabdameba marina gen. n. et sp. n. By J. S. Dunkerly. Proc. Roy.

Phys. Soc., Edin., xx. 1921, p. 220.

. Fish Myxosporidia from Plymouth. By J. S. Dunkerly. Parasit-
ology, xii. 1921, p. 328,

. On a new Ciliate, Cryptochilum boreale nov. sp., from the Intestine
of Echinus esculentus Linn., together with some Notes on the
Ciliates of Echinoids. By C. C. Hentschel. Parasitology, xvi,
No. 3. 1924, p. 985.

3. Foettingeria actiniaruwm (parasitic in Anemones). By W. De Morgan.

Quart. Journ. Micr. Sci., Ixviil. 1924, pp. 343-360.
. The Development and Relationships of the Myxosporidia. By J. S.
Dunkerly. Quart. Journ. Micr. Sci., Ixix. 1925, p. 185.

5. Notes on Hoplitophrya (Anoplophrya) brasili (Léger and Duboscq),

an Intestinal Ciliate of the Polychaete Worm Cirratulus. By C. C.
Hentschel. Parasitology, xvii, No. 3. 1925, p. 217.
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Some Marine Ciliates Living in the Laboratory Tanks at Plymouth,
with a Description of a New Species, Holophrya coronata. By
W. De Morgan. Journ. M.B.A. N.S. xiii. 1923-25, p. 600.

Further Observations on Marine Ciliates Living in the Laboratory
Tanks at Plymouth. By W. De Morgan. Journ. M.B.A. N.S,
xiv. 192647, p. 23.

On the Correlation of the Life History of the Acephaline Gregarine,
Gonospora, with the Sexual Cycle of the Host. By C. C. Hentschel.
Parasitology. xviii, No. 2. 1926, p. 137.

. On a New Ciliate Ptyssostoma thalasseme nov. gen., nov. sp., from

the Intestine of the Echiuroid Worm, Thalassema neptuni Girtner.
By C. C. Hentschel. Journ. M.B.A. N.S. xiv. 1926-27, p. 651.

. Contribution to the Study of Gromia oviformis Dujardin. By M. W.

Jepps. Quart. Journ. Micr. Sei., Ixx. 1926, p. 701.
Cytological Observations on Haplosporidium (Minchinia) chitonis.
By 8. D. King. Quart. Journ. Micr. Sci., Ixx. 1926, p. 147.

See also liii, 12 ; lvii, 18, 19.

LITII. BOTTOM FAUNA AND DEPOSITS.

. Preliminary Report upon the Fauna and Flora of Plymouth Sound.

By Walter Heape. Journ. M.B.A., O.8. No. 2. 1888, p. 194.

. Report of a Trawling Cruise in H.M.S. Research oft the South-west

Coast of Ireland. By G. C. Bourne, with addenduin by the Rev.
Canon Norman. Journ, M.B.A., N.S.i. 1889-90, p. 306.

. Notes on the Marine Invertebrate Fauna of Plymouth for 1892.

By W. Garstang. Journ. M.B.A., N.8. ii. 1891-92, p. 333.

. Faunistic Notes at Plymouth during 1893-94. 1. Faunistic Records,

p- 212. II. Notes on the Breeding Seasons of Marine Animals at
Plymouth, p. 222. By W. Garstang. Journ. M.B.A. N.S. il
1893-95.

5. On some New or Rare Marine Animals discovered on the Coast of

Devonshire. By W. Garstang. Trans. Devon. Assoc. 1892,
p. 377.

Faunistic Notes, January to June, 1895. By E. J. Allen. Journ.
M.B.A. N.S.iv. 1895-97, p. 48.

. Notes on Dredging and Trawling Work during the latter half of

1895. By E. J. Allen. Journ. M.B.A. N.8.iv. 1895-97, p. 164.

. On the Fauna and Bottom-deposits near the 30-fathom Line from

the Eddystone to Start Point. With seven Tables and sixzteen
Charts. By E. J. Allen. Journ. M.B.A. N.S. v. 1897-99. p. 365.
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9 The Bottom-deposits of the English Channel from the Eddystone to
Start Point, near the 30-fathom Line. By R. H. Worth. Trans.
Devon. Assoc., xxxi. 1899, p. 356.

10. The Fauna of the Salcombe Estuary. By E. J. Allen and R. A. Todd.
Journ. MLB.A. N.S. vi. 1900, p. 151.

11. The Fauna of the Exe Estuary. By E. J. Allen and R. A. Todd.
Journ. M.B.A. N.S. vi. 1902, p. 295.

12. The Foraminifera of the Exe Estuary. By R. H. Worth. Journ.
M.B.A. N.S.vi. 1902, p. 336.

13. Plymouth Marine Invertebrate Fauna : Being Notes of the Local
Distribution of Species occurring in the Neighbourhood. Com-
piled from the Records of the Laboratory of the Marine Biological
Association. Journ. M.B.A. N.S. vii. 190406, p. 155.

14. On Rock Remains in the Bed of the English Channel. An Account
of the Dredgings carried out by s.s. Oithona in 1906. By L. R.
Crawshay. Journ. M.B.A. N.S. viii. 1907-10, p. 99.

15. The Dredgings of the Marine Biological Association (1895-1906),
as a Contribution to the Knowledge of the Geology of the English
Channel. By R. Hansford Worth. Journ. M.B.A. N.S. wviii.
1907-10, p. 118.

16. On the Fauna of the Outer Western Area of the English Channel.
By L. R. Crawshay. Journ. M.B.A. N.8.ix. 1910-13, p. 292.

17. Preliminary Account of a Contribution to an Evaluation of the Sea.
By J. H. Orton. Journ. M.B.A. N.S. x. 1913-15, p. 312.

18. The Shore Fauna of Cardigan Bay. By Chas. L. Walton. Journ.
M.B.A. N.S. x. 1913-15, p. 102,

19. Studies in Marine Biology. By F. Martin Duncan. Journ. Roy.
Micr. Soe. 1916, p. 257.

20. Sea Temperature, Breeding, and Distribution in Marine Animals.

By J. H. Orton. Journ. M.B.A. N.8. xii. 1919-22, p. 339.
. Some Experiments on Rate of Growth in a Polar Region (Spitz-
bergen) and in England. By J. H. Orton. Nature, cxi. 1923,
pp. 146-48.
2. Some new Commensals in the Plymouth District. By J. H. Orton.
Nature, exii. 1923, p. 861.

23. Animal Communities of the Level Sea-bottom in the Waters adjacent
to Plymouth. By E. Ford. Journ. M.B.A. N.8. xiii. 1923-25,
p- 164.

24. The Food of the Bottom Fauna of the Plymouth Fishing Grounds.
By O. D. Hunt. Journ. M.B.A. N.8. xiii.  1923-25, p. 560.
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LIV. PLANKTON INVESTIGATIONS.

1. Report on the Surface Collections made by Mr. W. T. Grenfell in the
North Sea and West of Scotland (with Plate XXV). By G. C.
Bourne. Journ. M.B.A. N.8. i 1889-90, p. 376.

2. Notes on the Plankton observed at Plymouth during June, July,
August, and September, 1892. By E. J. Bles. Journ. M.B.A.
N.S. 1. 1891-92, p. 340.

3. Faunistic Notes at Plymouth during 1893-94. III. Materials for a
(Calendar of the Floating Fauna. By W. Garstang. Journ.
M.B.A. N.S.ii. 1893-95, p. 229.

4. Notes on the Pelagic Fauna at Plymouth, August-December, 1895.
By T. V. Hodgson. Journ. M.B.A. N.S. iv. 1895-97, p. 173.

5. On the Changes in the Pelagic Fauna of Plymouth during September,
1893 and 1895. By E. T. Browne. Journ. M.B.A. N.8. iv.
1895-97, p. 168.

6. Microscopic Marine Organisms in the Service of Hydrography. By
Prof. P. T. Cleve. Journ. M.B.A. N.S.iv. 1895-97, p. 38I.

7. On the Pelagic Fauna of Plymouth, September, 1897. By K. T.
Browne. Journ. M.B.A. N.S.v. 1897-99, p. 186.

8. Plankton and Physical Conditions of the Inglish Channel. Tirst
Report of the Committee, consisting of Prof. B. Ray Lankester
(Chairman), Prof. W. A. Herdman, Mr. H. N. Dickson, and Mr.
W. Garstang (Secretary), appointed to make Periodic Investiga-
tions of the Plankton and Physical Conditions of the Knglish
Channel during 1899. Report Brit. Assoc. 1899.

9. Report on the Plankton of the English Channel, 1903. By Lewis H.
Gough. Internat. Fish. Investigations. Mar. Biol. Assoc.,
Report T, 1902-03 (Cd. 2670). 1905, p. 325.

10. Report on the Plankton of the English Channel in 1904 and 1905.
By Lewis H. Gough. Internat. Fish. Investigations. Mar. Biol.
Assoc., Report 11, Part 1, 1904-05 (Cd. 3837). 1907, p. 165.

11. Report on the Plankton of the English Channel in 1906. By W.
Bygrave. Internat. Fish. Investigations. Mar. Biol. Assoc.
Report 111, 1906-08 (Cd. 5546). 1911, p. 235.

12. Plankton Studies in Relation to the Western Mackerel Fishery.
By G. E. Bullen. Journ. M.B.A. N.S. viii. 1907-10, p. 269.

13. On the Artificial Culture of Marine Plankton Organisms. By E. J.
Allen and E. W. Nelson. Journ. M.B.A. N.8. viii. 1907-10,
p- 421, and in Quart. Journ. Micr. Sci., vol. Iv. 1910, p. 361.
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. On the Culture of the Plankton Diatom Thallassiosira gravide Cleve,

in Artificial Sea-water. By E. J. Allen. Journ. M.B.A. N.S. x.
1913-15, p. 417.

Notes on Experiments in the Keeping of Plankton Animals under
Artificial Conditions. By L. R. Crawshay. Journ. M.B.A. N.S.
x. 1913-15, p. 555.

Report on the Distribution of the Microplankton. By L. R. Crawshay.
(Report on the work carried out by the s.s. Seotia, 1913.) H.M.
Stationery Office, London, 1914.

. The Microplankton of Plymouth Sound from the Region beyond

the Breakwater. By Marie V. Lebour. Journ. M.B.A. N.S. xi.
1916-18, p. 133.

The Peridiniales of Plymouth Sound from the Region beyond the
Breakwater. By Marie V. Lebour. Journ. M.B.A. N.S. xi.
1916-18, p. 183.

. A Contribution to the Quantitative Study of Plankton. By E. J.

Allen. Journ. M.B.A. N.S. xii. 1919-22, p. 1.

20. The Food of Plankton Organisms. By M. V. Lebour. Journ. M.B.A.

N.S. xii. 1919-22, p. 644,

. Plymouth Peridinians. 1. Diplopsalis lenticula and its Relations.

I1. Exuviella perforals Gran from the English Channel. III. A
New Species of Phalacroma. By M. V. Lebour. Journ. M.B.A.
N.S. xii. 1919-22, p. 795.

2. The Food of Plankton Organisms, II. By M. V. Lebour. Journ.

M.B.A. N.S. xiii. 1923-25, p. 70.

3. Plymouth Peridinians. IV. The Plate Arrangement of some Peri-

dinium Species. By M. V. Lebour. Journ. M.B.A. N.S. xiii.
1923-25, p. 266.

. Coccolithophora pelagica (Wallich) from the Channel. By M. V.

Lebour. Journ. M.B.A. N.8. xiii. 1923-25, p. 271.

. The Dinoflagellates of Northern Seas. By M. V. Lebour. Published

by the Marine Biological Association, 1925.

. Notes on Euphausiids. By C. F. Hickling. Journ. M.B.A. N.S. xiii.

1923-25, p. 735.

. The Vertical Distribution of Marine Macroplankton. An Observation

on Diurnal Changes. By F. 8. Russell. Journ. M.B.A. N.8. xiii.
1923-25, p. 769.

. The Vertical Distribution of Marine Macroplankton. II. The

Pelagic Young of Teleostean Fishes in the Daytime in the Plymouth
Area, with a Note on the Eggs of certain Species. By F. 8. Russell.
Journ. M.B.A. N.S. xiv. 1926-27, p. 101.
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29. The Vertical Distribution of Marine Macroplankton. III. Diurnal
Observations on the Pelagic Young of Teleostean Fishes in the
Plymouth Area. By F. S. Russell. Journ. M.B.A. N.S. xiv.
1926-27, p. 387.

30. The Vertical Distribution of Marine Macroplankton. IV. The
Apparent Importance of Light Intensity as a Controlling Factor
in the Behaviour of Certain Species in the Plymouth Area. By
F. 8. Russell. Journ. M.B.A. N.S. xiv. 1926-27, p. 415.

31. The Vertical Distribution of Marine Macroplankton. V. The
Distribution of Animals Caught in the Ring-trawl in the Daytime
in the Plymouth Area. By F.S. Russell. Journ. M.B.A. N.8. xiv.
1926-27, p. B57.

32. The Vertical Distribution of the Plankton in the Sea. By F. S.
Russell. Biological Reviews, vol. ii, No. 3. 1927, p. 213.

33. The Vertical Distribution of Marine Macroplankton. VI. Further
Observations on Diurnal Changes. By F. 8. Russell. Journ.
M.B.A. N.S. xv. 1928, p. 81.

34. The Vertical Distribution of Marine Macroplankton. VII. Observa-
tions on the Behaviour of Calanus finmarchicus. By F. S. Russell.
Journ. M.B.A. N.8. xv. 1928, p. 429.

See also xlIvi, 51 ; 1, 32, 41.

LV. PHYSICS AND CHEMISTRY OF SEA-WATER, ETC.

1. Physical Investigations. By H. N. Dickson. Journ. M.B.A. N.8.ii.
1891-92, pp. 159, 272.

2. Notes on Meteorological Observations at Plymouth. By H. N.
Dickson. Journ. M.B.A. N.S.ii. 1891-92, p. 171.

3. On the Oxidation of Ammonia in Sea-water. By G. P. Darnell-
Smith. Journ. M.B.A. N.8. iii. 1893-95, p. 304.

4. Report on the Surface Drift of the English Channel and Neighbouring
Seas for 1897. By W. Garstang. Journ. M.B.A. N.S. v. 1897-99,
p. 199. :

5. Notes on the Physical Conditions existing within the Line from Start
Point to Portland. By H. M. Kyle. Journ. M.B.A. N.S. vi.
1903, p. 528.

6. Report on the Physical Conditions in the English Channel, 1903. By
Donald Matthews. Internat. Fish. Investigations. Mar. Biol.
Assoc. Report I, 1902-03 (Cd. 2670). 1905, p. 289.

7. Principal Results of the Experiments with Bottom Trailers. By
G. P. Bidder. Conseil Perm. Internat. Explor. Mer. Rapp. et
Proc. Verb., vol. vi, 1906, p. xxxv.
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The Surface Waters of the North Atlantic Ocean, South of 60° N.
Latitude, September, 1904, to December, 1905. By Donald J.
Matthews. Internat. Fish. Investigations. Mar. Biol. Assoc.
Report I1.  Part 1. 1904-05 (Cd. 3837). 1907, p. 269.

. Report on the Physical Conditions in the English Channel and

Adjacent Waters, 1904 and 1905. By Donald J. Matthews.
Internat. Fish. Investigations. Mar. Biol. Assoc. Report II.
Part 2, 1904-05 (Cd. 4641). 1909, p. 279.

Report on the Physical Conditions in the English Channel and
Adjacent Waters, 1906, with a Note on the Mean Conditions for
1903-09. By Donald J. Matthews. Internat. Fish. Investigations.
Mar. Biol. Assoc. Report ITII. 1906-08 (Cd. 5546). 1911, p. 269.

Hydrographical Observations in the Labrador Current in 1913.
By D. J. Matthews. (Report on the work carried out by the
s.s. Scotia in 1913.) H.M. Stationery Office. 1914.

. On the Amount of Phosphoric Acid in the Sea-water off Plymouth

Sound. By Donald J. Matthews. Journ. M.B.A. N.S. xi. 1916-18
pp- 122, 251.

The Hydrogen Ion Concentration of Sea-water in its Biological
Relations. By W. R. G. Atkins. Journ. M.B.A. N.S. xii. 1919-
22, p. 717.

The Respirable Organic Matter of Sea-water. By W. R. G. Atkins.
Journ. M.B.A. N.S. xii. 1919-22, p. 772.

5. The Preparation of Permanently Non-acid Formalin for Preserving

Calcareous Specimens. By W. R. G. Atkins. Journ. M.B.A.
N.S. xii. 1919-22, p. 792.

The Hydrogen Ion Concentration of Natural Waters in relation to
Disease. By W. R. G. Atkins. Journ. of State Medicine, xxxi.
1923, p. 223.

. The Hydrogen Ion Concentration of Sea-water in its Relation to

Photosynthetic Changes. Part II. By W. R. G. Atkins. Journ.
M.B.A. N.S. xiii. 1923-25, p. 93.

. The Phosphate Content of Fresh and Salt Waters in its Relationship

to the Growth of the Algal Plankton. By W. R. G. Atkins.
Journ. M.B.A. N.S. xiil. 1923-25, p. 119.

The Silica Content of some Natural Waters and of Culture Media.
By W. R. G. Atkins. Journ. M.B.A. N.S. xiii. 1923-25, p. 151.

Note on the Oxidisable Organic Matter of Sea-water. By W. R. G.
Atkins. Journ. M.B.A. N.S. xiii. 1923-25, p. 160.

Hydrographic Features of the Water in the Neighbourhood of
Plymouth during the Years 1921 and 1922. By H. W. Harvey.
Journ. M.B.A. N.S. xiii. 1923-25, p. 225.
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Note on an Apparatus for Determining the Quantity of Dissolved
Gases in Sea Water, and in Fluids containing Organic Matter.
By H. W. Harvey. Journ. M.B.A. N.S. xiii. 1923-25, p. 282.

23. On the Vertical Mixing of Sea-water and its Importance for the Algal
Plankton. By W. R. G. Atkins. Journ. M.B.A. N.S. xii. 1923-
25, p. 319.

24. The Hydrogen Ion Concentration of Sea-water in its Relation to
Photosynthetic Changes. Part III. By W. R. G. Atkins. Journ.
M.B.A. N.S. xiii. 1923-25, p. 437.

95. Water Movement and Sea Temperature in the English Channel. By
H. W. Harvey. Journ. M.B.A. N.S. xiii. 1923-25, p. 659.

26. Evaporation and Temperature Changes in the English Channel.
By H. W. Harvey. Journ. M.B.A. N.S. xiii. 1923-25, p. 678.

27. On the Thermal Stratification of Sea-water and its Importance for
the Algal Plankton. By W. R. G. Atkins. Journ. M.B.A. N.S.
xiil.  1923-25, p. 693.

98. Seasonal Changes in the Phosphate Content of Sea-water in Relation
to the Growth of the Algal Plankton during 1923 and 1924. By
W. R. G. Atkins. Journ. M.B.A. N.8. xiii. 1923-25, p. 700.

29. Oxidation in Sea-water. By H. W. Harvey. Journ. M.B.A. N.5.
xiii. 1923-25, p. 953.

30. The Hydrogen Ion Concentration of Natural Waters and some
Etching Reagents in Relation to Action on Metals. By W. R. G.
Atkins. Trans. Faraday Soc., vol. xviil. 1923, p. 310.

31. Measurements of the Acidity and Alkalinity of Natural Waters in
their Biological Relationships. By W. R. G. Atkins. Salmon and
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The Vertical Distribution of Marine Macroplankton.
VIII. Further Observations on the Diurnal
Behaviour of the Pelagic Young of Teleostean
Fishes in the Plymouth Area.

By
F. 8. Russell, D.S.C,, B.A,,
Assistant Naturalist at the Plymouth Laboratory.

With 6 Figures in the Text.

Ox June 3rd—4th, 1926, a further series of observations was taken to study
the diurnal behaviour of the post-larve of teleostean fishes. Collections
were made in exactly the same way as on previous occasions (3) at a
position about 2 miles east of the Eddystone Lighthouse. The net used
was the 2-metre stramin ring-trawl, and the duration of each haul was
ten minutes. The Admiralty depth-recording instrument was used and
tracings of the path of the net through the water on each occasion are
given in Fig. 1. The complete log giving details for each haul is set out in
Table I; all times are Greenwich mean ; and Table II gives the average
depths for each haul obtained from the depth-recorder tracings.

GENERAL REsvuLTs.

Larger catches of post-larval fish were taken than on the two previous
dates when collections of this type were made, viz. July 15th to 16th,
1924, and June 17th to 19th, 1925. The results bear out the general
conclusions arrived at for the previous collections.

The diurnal movements undertaken by most of the species of young
fish would appear to be very slight. While a small proportion of each
species tends to move into the upper layers near the surface at night, the
greater part show little change from their usual daytime distribution and
are still found in the deeper layers.

NEW SERIES.—VOL. XV. NO. 3. NOVEMEER, 1928, 3G



TasLE I.

Date : June 3rd—4th, 1926. Position : 2 miles east of Eddystone. Ship: s.s. Salpa.

1st Series

Sky almost cloudless :
bright sun ; atmo-
sphere very clear ;
fresh W.N.W. wind;
sea surface, choppy.

2nd Series

Sky cloudless ; atmo-
sphere very clear ;
sea choppy ; sun-
set 8.20 p.m.

3rd Series

Cloudless ; no moon ;
bright  starlight ;
wind dropped ; sea
nearly flat calm by
end of series

4th Series

Cloudless ; no wind ;
glass calm; sun
rose 4.17 a.m.

Hth Series

Cloudless ; bright sun ;

atmosphere clear ;
flat calm

Depth.

VI
"T
v
IIT
I

Surface

VI
v
v
ITT
II

Surface

Vi
"7
Iv
ITI
I

Surface
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Surface
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v
v
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Surface

Time net
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7.23 pan
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8. i EE
8.27% .,
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12.00 a.m. 12.004-12.10§ a.m.
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11.12
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3.28¢
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7.274 am
7.561% ,,
8.16
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8.58% .,

oo oo 00 =11
= Tt io — s

1)

1]

L
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Gear : 2 metre ring-trawl.

Time net
left. water.
2.32% p.m.
2.53 55
3.14 i
3.36 v
3.04% .,

7.361 p.m.
8

29

8.20%
8.39 .
10.41 p.m.
11.3 .
11.24% ,,
11.47 .
2.36% a.m.
2.59 5
3.20 ¥
3.40 .

3.50% .,

7.41 a.m.
8.4 "
8.28
8.49F ,,

&
<
Length of . Remarks.
warp ouf.

60 fathoms.

45 1]

35 ”

20 2y

10 £}

S 4.20 p.m. Secchi dise, 10 m.

60 fathoms. 7.20 p.m. Secchi dise, 8 m.

45 4

35 e

20 5 2

10 i 9 p.m. becoming hard to read. n

e 9.10 p.m. deck-lights on. ;ﬁ
=

60 fathoms =

45, =

35 2 =

20 =

10 >

60 fathoms 2.30 a.m. dawn light in sky and
45 - 4+ moon a little above horizon.
35 3 3.10 a.m. lightening quickly.

20 o 3.30 am. deck-lights out.

10 »”

60 fathoms

45 55
35 »
20 »
10 »
— 9.30 a.m. Secchi dise, 10 m.
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METRES METRES
Il

0 R 1] 0
10 % 1075 ==\ 10
20 [ e 20
30 i ==\ /2 -- 315 30
40 SERIES 1 40
a5 DAYLIGHT. 2.20-4.11 M. o

0 -

10 4 PN

20 07 i .

30 : B

;g DUSK. 7.24-9.13 P. M. 50

(4]
% Ja6--"
109 gz ---le= 10
20 20
30 i 30
40 SERIES 3. -/ 35 40

DARK. 10.28 P.M.-12.31 AM.

50 50

0 Q
10 10
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SERIES 4.

DAWN. 2.24-4.17 AM. ' 50

10
204 0 okg ciilamsmss 20
30 30
0 SERIES 5. brenBs K
50 DAYLIGHT. 7.29-9.29.AM. 50

Fic. 1.—The five series of curves given by the depth-recorder indicating the path of the
net through the water at five depths during the collections on June 3rd—4th, 1926.
(The surface haul is not included.) The net enters the water on the right-hand side
of each curve. The dotted lines indicate the calculated ** average depths.”
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Tasre II.

AvERAGE DEPTH IN METRES FOR EACH HAUL
oN JUNE 3rpD-41H, 1926.

1st Series.  2nd Series.  3rd Series. 4th Series.  5th Series,

Surface — — - — —
11 495 44 4-6 4 4
111 10-75 9-3 123 95 10
v 18 19-7 17-2 20-5 21-8
v 26-6 25-3 259 244 25-7
VI 315 30-3 35 36-3 34-3

Tasre III.

TorAL, NUMBERS OF POST-LARVA CAUGHT IN EACH HAUL oN JUNE 3RrD-
4tH, 1926, EXCLUSIVE OF THOSE OF CLUPEA sP., GOBIUS SP., AND
(CALLIONYMUS SP.

1st Series.  2nd Series.  3rd Series.  4th Series. 5th Series.

Daylight. Dusk. Dark. Dawn. Daylight.
Surface 9 39 59 3 45
IT 14 94 123 39 98
IIT 34 99 181 97 140
IV 217 220 182 1256 174
v 235 128 252 92 177
VI 161 200 182 62 74
Total 720 780 979 418 708
TasLe IV.

ToraL NUMBERS OF DIFFERENT SPECIES OF F1sH POST-LARVE OCCURRING
IN THE COLLECTIONS MADE ON JUNE 3RD—4TH. 1926.

1st Series.  2nd Series.  3rd Series. 4th Series. 5th Series.

Daylight. Dusk. Dark. Dawn. Daylight.
Surface 6 5 15 5 8
i | 11 13 20 16 19
III 17 18 19 22 15
v 19 20 17 21 16
v 21 20 21 24 18

VI 22 21 20 21 19
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The Clupeids, however, form a notable exception to this rule, showing
a very marked increase in numbers at night. On this occasion they
consisted of a mixture of Sprats and Pilchards, and they repeated almost
exactly the behaviour shown by the young pilchards in the previous
vears (3). The only other species that showed a similar increase at night
were the Gobies.

Table III shows the number of post-larvee taken at each depth of all
species, exclusive of those of the Clupeids and the Gobies and also of
Callionymus sp., which occurred in such numbers as to outweigh all other
fish. This table shows very clearly that while there was a general increase
in numbers at the surface and in the upper layers down to about 10
metres at night, there was little change in the deeper hauls from that of
the daytime. It shows also that in daylight on June 4th (Series 5) there
were again nearly as many fish in the surface layers as at night ; this was,
no doubt, due to the presence of immense swarms of Calanus which must
have decreased the light intensity to a considerable degree.

Table IV gives the total number of different species taken at each
depth, and it can be seen that while the majority live in the deeper layers
in the daytime, nearly all the species have been involved in the slight
upward extension at night. In this respect also the results obtained in
the previous years are substantially confirmed.

The general inference to be drawn from these few observations is that
except in the case of Clupeids, Gobies, and possibly Callionymus (3,
p. 408), it is probably safe to base conclusions of seasonal or horizontal
distribution, of those species which have been here caught in significant
numbers, from collections made either by day or by night with oblique
hauls. This applies only to those species whose normal daytime distri-
bution is well above the bottom, so that the complete range of their ver-
tical distribution would be covered by an oblique haul. There is no
evidence that the numbers taken at night would be so very much larger
than day catches as to show differences greater than those occasioned
by local unevenness in horizontal distribution. It must be admitted, how-
ever, that these conclusions are based on observations for four nights
only, and more observations are certainly desirable, especially in May.

It is interesting to notice that very many of those species, that
normally live in the deeper layers in the daytime, when caught near
the surface at dawn and daylight on June 4th were very much
mutilated. This has been noticed on previous occasions and suggests
that during the great mixing up of plankton organisms at night
extensive feeding is taking place and dead or dying postlarval fishes
are left behind in the upper layers when those that have escaped have
retired to greater depths.

In the following pages each species is dealt with in detail. The actual
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numbers of all species caught are given in Table X, page 850, at the end
of the paper. Throughout the expressions Daylight,” * Dusk,”
“Dark,” and “ Dawn ” have been used to cover the various periods at
which collections were made ; the actual times, however, are given in the
various figures and tables.

DAYLIGHT DUSK DARK DAWN DAYLIGHT
METRES 2.z0- 7.24- 10.28 PM.- 2.24- 7.29- METRES
4,11 PM. ERERATS 12.31 AM, 4.17 AM. 9.20 AM.

0 0
10 i - 10
20—| - 20
30 E 30
40:‘ NUMBERS - 40
. ! ! CLUPEA sp. -
0 200 400
50 50
= 7 =T Z7zn ===
: 0 i 1% o O
J 3 |
10 ~-10
20— ~ 20
30 ~ 30
40_- NUMBERS 40
J S 36" a0 GOBIUS  se. L
50 50

F1a. 2.—The vertical distribution of Clupea sp. (C. sprattus and S. pilchardus) and Gobius
sp. post-larve, at the times shown, on June 3rd—4th, 1926. The white spots and
black circles indicate the * average depths ™ at which hauls were taken. The plain,
cross-hatched, black, and shaded rectangles represent * daylight,”  dusk,” * dark,”
and “ dawn ”* respectively.

CLUPEID A.
CLupEA SPRATTUS L. AND SARDINA PILCHARDUS (Walb.).

The Clupeid post-larvze consisted of a mixture of Clupea sprattus and
Sardina pilchardus, all under 24 mm. in length and mostly between
10 and 20 mm. Fig. 2, which gives the vertical distribution of these post-
larvee together, shows that hardly any Clupeids were caught in the day-
time on June 3rd at the depths sampled down to 31 metres, 15 individuals
being the largest catch at any one depth. At dusk there was a slight
increase in the layers below 20 metres, 41 and 77 being caught at 25-3 and
30-3 metres respectively. In the dark, however, there had been a very
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marked increase in numbers at all depths, the greatest catch of 852 speci-
mens being taken at 4-6 metres. At dawn they had left the surface layers,
but large numbers were still caught from 20 metres downwards. At day-
light the next day the previous daytime distribution was repeated, the
largest catch being only 13.

In this behaviour the Sprat and Pilchard have exactly repeated that
shown by the pilchard on the three previous nights examined in 1924 and
1925 (3, p. 396). On the present occasion, however, definite evidence seems
to be afforded that the increase in numbers at night is due to the post-
larvee having moved up from the levels below 35 metres. The dawn
distribution appears quite definitely to indicate a downward migration,
and also at dusk the beginning of an upward migration is apparent in the
deepest hauls.

The results of these four nights are of great importance and appear to
show definitely that in June and July any study of the distribution of
these post-larvee must be carried out at night. On the three nights in
1924 and 1925 there were over ten times as many caught in the dark (or
at dawn in 1924) as in the daytime, while in 1926 there were over thirty
times as many caught at night.

Quite the same results were obtained by Johansen (2, p. 12) in Danish
waters for the young herring, Clupea harengus L., many more both of
the winter-spawned and of the autumn-spawned herring being caught at
night than in the daytime in April, 1925.

GADID .

(GADUS MERLANGUS L.

A study of Table X, page 850, shows that while in the daylight on both
days the majority of whiting post-larvee occurred below 10 metres, at dusk
there were very large catches at the surface and in the layers above 10
metres. In the dark there were very few caught, and the majority of
these were again below 10 metres, while at dawn the numbers were
rather too low to be significant.

Before, however, we can draw conclusions as to the behaviour of these
young whiting, it is necessary to analyse the catches and see what sizes
the post-larvze are. In Table V are given the sizes and total numbers of
specimens taken in each haul. It is at once evident that the great increase
in numbers in the surface layers at dusk is caused by the presence of
specimens of 12 mm. and longer, which were completely absent in the
daytime on June 3rd. The very large catches in the daylight on June 4th
are also due to post-larvee of 12 mm. and over. Examination of the plank-
ton samples shows that there is obviously a correlation between the

abundance of these larger stages and the presence or absence of Cyanea
capillata.
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DAYLIGHT DUSK DARK DAWN DAYLIGHT
METRES ; 35- 7.24 - 10.28 P.M, - 2.24- 7.29- METRES
4.11 P.M. 9.13 P.M. 12.31 AM. 4.17 AM. 9.29 AM.
0 o o 0
10 - 10
20 4 - 20
30 - 30
40 NUMBERS - 40
; ! GADUS MERLANGUS. 5-11 mm |
1 0 20 40
50 50
=== BAXK] i i ==
0 T —o] = o
4 o L o | L
10 1 o a - 10
20 ° - 20
1 i |
301 o - 30
40 - NUMBERS 40
| o ia A GADUS MERLANGUS. 12-22 wum. |
50 50
e | EEXER TR | |
0 L [™] T o T o]
10 o 4 % - 10
20 k o - 20
1 i o L
30 5 - 30
- o L
40 NUMBERS - 40
4 5 20! : GADUS MERLANGUS. 23-47 wmm |
40
50 50
F1c. 3.—The vertical distribution of Gadus merlangus of different sizes, viz. 5-11 mm.

12-22 mm., and 23—47 mm., at the times shown, on June 3rd—4th, 1926. The presence
of Cyanea is also indicated in the lower two diagrams as white oblong blocks at the
depths at which they occurred (for numbers see Table VI). (In haul V of the
5th series the oblong is too small and should be the same size as that immediately
above it, corresponding to 3 Cyanea.) The white spots and black circles indicate
the ** average depths " at which hauls were taken. The plain, cross-hatched, black,
and shaded rectangles represent ° daylight,” * dusk,” “ dark,” and *dawn™
respectively.
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Damas (1, p. 42) was of the opinion that the association of the young
whiting with Cyanea begins after the fish has almost completely meta-
morphosed at a length of 23 mm. It would seem from Tables V and VI,
however, that in these waters the association may begin considerably
earlier, since in the daytime specimens of 12 mm. and over only occurred
in the catches when Cyanea was also present. In Table VII I have accord-
ingly given the catches in each haul of the three size groups, 4 to 11 mm.,
12 to 22 mm., and 23 mm. upwards, i.e. the size quoted by Damas. I
have also indicated by single asterisks (*) for the two smaller size groups
the hauls in which any Cyanea at all occurred, and by double asterisks (*¥)
in the case of the largest size group the occurrence of large Cyanea, four
or more inches in diameter.

This table shows that post-larvee of the whiting from 4 to 11 mm. in
length occurred irrespective of whether there were Cyanea present in the
catches. The occurrence of specimens between 12 and 22 mm. however
showed quite a close correlation with the presence or absence of Cyanea ;
while whiting of over 23 mm. were practically associated only with Cyanea
of quite a large size, namely, four or more inches in diameter. In Fig. 3
these same data are shown graphically, and it can be seen very clearly that
in the case of specimens less than 12 mm. in length there was little indica-
tion of any vertical movement throughout the 24 hours. As regards the
two larger size groups there was obviously a migration to the surface at
dusk, but this was a movement also undertaken by Cyanea, and the
indications are very strong that the whiting have merely followed the
Cyanea towards the surface. This behaviour has already been noticed by
Damas (1, p. 43), who says: “ Pendant la longue période ou le jeune
merlan vit en commensal des méduses, sa distribution bathymétrique est
aisée & déterminer. On peut 'observer pendant des journées entiéres a un
niveau plus ou moins élevé et variable avec I'heure du jour. II suit les
méduses dans leur migrations verticales. Celles-ci sont particuliérement
marquées par les jours de ciel clair et paraissent dirigées par un photo-
tropisme accentué. Pendant les heures du jour, les méduses et leurs
hotes sont absent de la surface, on a peine & les découvrir 4 une dizaine
de métres de profondeur. Elles remontent au crépuscule. Aprés une
journée de calme parfait, durant laquelle il n’a été possible de découvrir
aucun signe de vie 4 la surface, on peut assister & la tombée de la nuit &
un spectacle qui donne une idée de 'abondance des méduses et en conse-
quence du jeune merlan. Aussi loin que I'ceil peut porter, la mer semble
frappée par une pluie abondante et silencieuse. Cet effet est dii aux
méduses choquant la surface 4 chaque contraction du disque.”
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Tasre VI.

NuMBERS AND SIZES (DIAMETER IN INCHES) OF CYANEA CAPILLATA
OCCURRING IN THR RING-TRAWL CATCHES oN JUNE 3rD-41H, 1926.

1st Series.  2nd Series.  3rd Series.  4th Series.  5th Series.
Daylight. Dugk. Dark. Dawn. Daylight.
Surface - 3 (52427 1(28") 1#) -
11 - 2 (453 - - -
111 - 1(3) 3 (24476") - 1 (4)
575"
IV - - - - £ (4”; 4”;)
37 7
75" 51
A = 16 101 - 5 <§; 2" )
VI - ~ _ - o
Tasre VII.

DistrIiBUTION 0F DIFFERENT S1ZE GROUPS 0F WHITING AND
OCCURRENCE OF CYANEA.

1st Series.  2nd Series.  3rd Series. 4th Series.  5th Series.
Dagylight. Dusk. Dark. Dawn. Dagylight.

4-11 mm.

S. - 5* 1% —* -

I - 15% 1 - 3

TTT 4 3% b* 4 17#

IV 16 37 ] 7 63%

Vv 15 17%* 15% 3 34*

VI 10 22 11 1 6
12-22 mm.

s. a 17% * x -

II - 44% 2 5 -

11T - 29% 3% 1 24*

IV - 11 5] 1 43%

Vv - 5% A 1 13%

VI - 4 e sl _
2347 mm.

S. - 11%* — - ==

II - 18%* = 3 -

111 - - 1#%% 1§ 9k

v . 2 : 1 e

Vv 2 - ~ _ fkok

VI " 1 - - -

* Presence of Cyanea.

*
*

Presence of Cyanea 4 or more inches in diameter.
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Fig. 3 shows also that there is a slight indication that at night the young
whiting may separate from the Cyanea, because although Cyanea were
present in some of the catches, the numbers of whiting of 12 mm. or more
were very few ; also at dawn a few whiting were caught but no Cyanea.
This, however, is only a bare indication.

Gapus mizurus (0. F. Mill.).

As usual the post-larveae of this species were scarcely taken at all above
a depth of 25 metres in the daytime. At dusk and in the dark there was
hardly any change in their vertical distribution, except that in the dark
a few were taken in the layers above 20 metres up to 5 metres below the
surface (Fig. 4). At dawn the numbers were rather too low to be at all

DAYLIGHT DUSK DARK DAWN  DAYLIGHT
METRES 2.20- 7.24- 10.28 P.M.- 2.24- 7.29- METRES
4.11 P.M, 9.13 M. 12.31 AM. 417 AM. 9.29 AM.

0 0
10 —10
20 - - 20
30 A — 30
40 - NUMBERS - 40

4 s 20 A GADUS MINUTUS. L
50 50

F1a. 4.—The vertical distribution of Gadus minutus, at the times shown, on June 3rd—4th,
1926. The white spots and black circles indicate the * average depths ™ at which hauls
were taken.

significant. An examination of the sizes of these post-larvee showed that

in the daytime they were all between 4 and 11 mm. in length. At dusk

and in the dark, however, a few appeared in the deeper layers 12 to 15 mm.

in length, and one 20 mm. long was caught at 20-5 metres at dawn.

Onos sp.

Post-larval rockling were not very abundant in daylight on June 3rd
or at dusk, the few there were being evenly distributed from the surface
downwards. At night more were caught, the largest catch of 21 specimens
being from the surface itself. Again, very few were taken at dawn, but in
the daylight on June 4th another large catch of 28 was taken at the surface
itself.

Of the remaining Gadoids, Gadus pollachius L., Gadus luscus L., Molva
molva L., and Merluceius merluccius L., very few were taken. Of these



VERTICAL DISTRIBUTION OF YOUNG FISHES. 841

G. pollachius and M. merluccius post-larvee only occurred singly, while
G. luscus and M. molva were only caught in the deeper levels. '

BOTHID A.
SCOPHTHALMUS NORVEGICUS (Giinther).

Large numbers of the post-larve of this species were captured in each
series of hauls. In daylight on June 3rd the majority occurred at depths
between about 14 metres and 31-5 metres, the deepest depth sampled
(Fig. 5). At dusk there had been a slight upward movement, the greatest
catch occurring at 19-7 metres. In the dark there was evidence of an
increase in number at all depths and an extension upwards of a few to the
surface itself, although the majority still lay below about 10 metres. An
examination of Table VIIT, which gives the sizes of the post-larve caught
at each depth, shows that this increase in numbers is due to an influx of
individuals of 8 mm. or over. While the total number of specimens from
4-7 mm. inclusive was in the daytime 142 and in the dark 143, those of
8-11 mm. increased in number from 18 in the daylight to 60 in the dark.

At dawn, although there were fewer taken at all depths, the majority
oceurred between 5 and 25 metres. In the daylight on June 4th there
was, however, a marked rise towards the surface, the greatest catch being
at 4 metres. It is probable that this rise towards the surface was
occasioned by a diminution of light intensity caused by an extremely
dense swarm of Calanus finmarchicus. Examination of my records (not
yet published) showed that Calanus also exhibited this upward movement,
and that their numbers were so great that they may well, so to speak,
have caused their own shading.

An interesting corroboration of the fact that there appears to be some
factor (probably light intensity) which governs all species alike occurs
here. Research has shown that there are associations of animals which
live at the same depths, and in the upper layers amongst such species
as Calanus, Upogebia larvee, and Turris appear also the post-larval stages
of Scophthalmus norvegicus, Callionymus sp., and Trigla sp. Fig. 6,
page 846, shows that Callionymus sp. exhibited almost the same rise to
the surface in the daylight on June 4th as did S. norvegicus. This suggests
that possibly these young fish may be limited in their upward movements
by their speed of swimming. At dusk the light wanes so quickly that they
have no time to reach the surface by following their optimum intensity,
and in the dark owing to the absence of the light stimulus there is no
incentive to move towards the surface and the young fish move about
anywhere, most staying at the levels at which they already were. It is
very different, however, if the intensity is lowered during the daytime



842 F. S. RUSSELL.

by the persistent presence of a swarm of Calanus. Under such con-
ditions the light is not changing rapidly, but remains constantly low.
The fish then have time to pick up their optimum level.

In comparison with the records for previous years S. norvegicus has
always behaved in the same manner.

TasLe VIII.
SCOPHTHALMUS NORVEGICUS.
Total
Depth in Length in millimetres. numbers
metres. 4 5 6 1 8 9 10 11 of fish.

1st Series 8. - - - - - - - - 0
425 - - 1 1 - - - - 2

1075 - 4 b b - - - - 14

18 3 12 13 10 4 1 - - 43

26-6 2 16 16 19 6 - 1 - 60

315 6 13 12 5 6 1 - - 43

2nd Series S. - - - 1 - - - - 1
4-4 - - 3 = = - - - 3

9-3 - 5 9 4 4 - - - 22

18-7 2 4 9 8 14 5 2 - 44

25:3 1 4 10 8 - - - - 23

30-3 1 1 5 9 2 - 1 - 19

3rd Series S. - - 2 4 - 1 - - T
46 1 5 4 3 4 - - - 17

12-3 1 9 11 11 7 4 2 - 45

172 - 3 14 15 18 2 - 1 53

259 2 11 10 17 7 3 3 - 53

35 1 6 4 9 7 - 1 - 28

4th Series S. - 1 - - - - - - 1
4 - 2 3 - - - - - 5

9.5 3 10 6 1 - - - - 20

20-5 1 8 b 10 - 1 - - 25

244 - 1 5 2 4 - - - 12

363 - - 1 - - 1 2 - 4

5th Series S, - 3 4 1 - - - - 8
4 3 14 17 7 3 1 - - 45

10 - 3 9 9 T 4 - - 32

21-8 1 2 8 2 4 - - - 17

257 2 8 9 6 5 2 - - 32

34-3 - 1 3 2 1 - - - 7

ZEUGOPTERUS PUNCTATUS (Bloch.).

Only a few post-larvee of this species were taken, and it can be seen from
Table X, page 850, that the majority were always below a depth of 10
metres.

Post-larve of Arnoglossus sp., 5-9 mm. in length, only occurred in a
few hauls and then nearly always singly.
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DAYLIGHT DUSK DARK DAWN DAYLIGHT
METRES 2.20- 7.24- 10.28 P.M. - 2.24- 7.23-  METRES
401 BM. 9.13 P.M, 12,31 AM. 4.17 AM. 9.29 AM.

0 0
10 4 =10
20 - 20
30 - 30
40_- NUMBERS —_ 40

J 5'_'_2'0_'_:0 SCOPHTHALMUS NORVEGICUS. |
50 50
E=x] [ | s ) 3
0 T T 0
- o L

10 10
20 A &8
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40 NUMBERS L 40

J mo PLEURONECTES LIMANDA. L
50 50
—/ BAREXA =R —3

0 0

10 A 10
J L

20 H - 20

30 H - 30

40 - NUMBERS — 40
] 0’ m‘ 2'0 PLEURONECTES MICROCEPHALUS.}

50 50

F1c. 5.—The vertical distribution of Scophthalmus norvegicus, Pleuronectes limanda, and
P. microcephalus, at the times shown, on June 3rd—4th, 1926. The white spots and
black cireles indicate the  average depths ” at which hauls were taken. The plain,
cross-hatched, black, and shaded rectangles represent * daylight,” ** dusk,” ** dark,”
and “ dawn " respectively.
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PLEURONECTID A.
PLEURONECTES LIMANDA L.

Post-larval stages of the dab were not very abundant. The majority
were taken in the daytime below 15 metres (Fig. 5), and there were no
indications of any marked movements towards the surface at night.
Although the catch at 259 metres in the dark was the largest at any time,
it is quite likely that this was merely occasioned by unevenness in hori-
zontal distribution.

A study of Table IX which gives the actual sizes of the post-larvae
caught at each depth shows, however, that in the dark there was evidently
quite a definite incursion of early bottom stages from 13 to 17 mm. in
length.

Tasre IX.

PLEURONECTES LIMANDA.
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PLEURONECTES MICROCEPHALUS (Domn.).

Post-larve of this species, between 5 and 14 mm.* in length and almost
all between 6 and 11 mm., were in the daytime on June 3rd mainly dis-
tributed from about 15 metres downwards (Fig. 5). At dusk there was
evidence that they had slightly extended their distribution upwards to
about 10 metres, and in the dark they were more or less evenly distributed
from 10 metres downwards, but above this level they were almost absent,
there being only 3 at the surface and one at 4:6 metres. At dawn the
numbers were really too small to be significant, but the largest catch was
made at 20-5 metres. In the daylight on June 4th again the numbers were
low and the largest catch occurred at 25-7 metres.

The evidence from this and the observations in preceding years, on which
far fewer post-larvae were caught, is that while in the daytime they live
mostly below 15 metres, at night they tend to move about at all depths
from about 10 metres downwards, but only a few reach actually to the
surface or to 5 metres.

Only one post-larva of Pleuronectes flesus L. was caught, at 25-3 metres
at dusk.

SOLEID A,
SOLEA VARIEGATA (Don.).

Post-larvee of 8. variegata, between 4 and 8 mm. in length, were most
abundant below 10 metres in the daytime on June 3rd (Fig. 6). At dusk
they were slightly higher in the water, being most abundant at about
10 metres. In the dark they were almost evenly distributed from about
10 metres downwards, while a certain number had extended to the surface
itself. At dawn the majority were below 10 metres, but the numbers
caught were very small. In daylight on June 4th there were indications
of a movement towards the surface again as with other species, the
numbers were still, however, very low compared with the day before,
evidently due to unevenness in horizontal distribution.

At dusk two metamorphosing post-larvee, of 9 and 10 mm., appeared
at 19-7 and 30-3 metres respectively, while in the dark three were taken,
one each at 4-6, 12-3, and 25'9 metres. Four early bottom stages also
were caught in the dark, two at 25-9 metres and two at 35 metres.

Only two specimens of Solea vulgaris (Quenn.) were caught, one at
31-5 metres in daylight on June 3rd and one at 25-3 metres at dusk.
* One metamorphosed specimen, 19 mm. in length, was taken in the deepest haul at
dusk.
NEW SERIES.—VOL. XV, X0, 3, NOVEMBER, 1928, 3 H
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DAYLIGHT DUSK DARK DAWN DAYLIGHT
METRES 2.20- 7.24- 10.28 P.M.~ 2.24- 7.28- METRES
4.11 P.M. 9.13 P.M. 12.31 AM. 417 AM, 9.29 AM.
0 0
10 4 10
20 - 20
30 F 30
40 - NUMBERS L 40
d 0' ! ! SOLEA VARIEGATA.
40 BO i
50 50
=7 [EEXXXR — |
0 8] o 0]
10 10
20 - 20
30 - 30
40 4 NUMBERS __ 40
 SEE NS S S |
d 8 = a0 Seop CALLIONYMUS se L
50 50
== VYN '7rsiei
0 o 0
10 - 10
20 1 . - 20
30 A - 30
40 : NUMBERS r 40
: . =23 LABRUS BERGYLTA. L
10 20
50 50

Fia. 6.—The vertical distribution of Solea variegata, Callionymus sp., and Labrus bergylta,
at the times shown, on June 3rd—4th, 1926. The white spots and black circles indicate
the ““ average depths ” at which hauls were taken. The plain, cross-hatched, black,
and shaded rectangles represent * daylight,” * dusk,” “dark,” and “dawn™
respectively.
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AMMODYTID A.
AMMODYTES LANCEOLATUS (Lesauv.).

Post-larvee of A. lanceolatus, mostly about 6 to 25 mm. in length,
occurred rather unevenly distributed from the surface downwards in
daylight on June 3rd. At dusk they were absent above about 10 metres,
while in the dark they were again present from the surface downwards.
At dawn there were none in the two upper hauls at the surface and at
4 metres, and in the daytime on June 4th only a few were taken, but none
actually at the surface itself.

Only very few larvee of 4. tobianus were caught.

CALLIONYMID A,

Post-larvee of Callionymus sp., probably almost all C. lyra, were as
usual very abundant in the collections. In the daytime the majority lay
below 10 metres (Fig. 6), and at dusk there had been little change in the
distribution, but slightly fewer were caught. In the dark, althaugh the
majority were still below 15 metres, quite a large number had extended
up to 5 metres and a few even to the surface itself. By dawn the surface
layers had been vacated, and the majority lay again below 10 metres. In
daylight on June 4th there had been a considerable upward movement,
the same as that shown by the post-larvee of S. norvegicus and com-
mented on in the account of that fish.

As on the previous occasion a few late post-larval and early bottom
stages appeared in the deeper layers in the dark.

LABRID .

Of the post-larval wrasses those of Labrus bergylta, -7 mm. long, were
the most numerous. In the daytime on June 3rd they avoided the actual
surface layers and the majority were taken at 10-75 metres (Fig. 6). At
dusk they had moved considerably deeper in the water and the largest
catch was at 19-7 metres. In the dark there was an upward movement
again, most being caught at 4-6 metres. At dawn they were evenly dis-
tributed from 4 metres downwards, although fewer were caught. In the
daylight on June 4th they had moved once more towards the surface.

Of the other species Labrus mixztus were much less abundant, but
showed much the same behaviour as L. bergylta. But the catches of
Crenilabrus melops and Centrolabrus exoletus were too small to be
significant.
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SCOMBRID A.

Only very few post-larvee of Scomber scomber were taken.

GOBIID A.

Fig. 2, page 834, shows that there was a marked increase of these post-
larvae at all depths in the dark except at the surface itself. In this respect
the results repeat the behaviour shown on the two nights in June, 1925,
but differ from that of July, 1924 (3, p. 411), when no indication of
marked upward movement was shown and the young gobies were already
well up in the water in the daytime.

Only very few post-larvae of Lebetus scorpioides (Coll.) were taken, and
then only in the deeper layers.

As is usually the case, a few Crystallogobius nilssoni appeared in the
deeper hauls in the dark, these fish living actually on the bottom in the
daytime.

BLENNIID A.

Post-larve of Blennius pholis (1..) and B. gattorugine (L.) both appeared
in small numbers in the catches and their distribution was somewhat
indiseriminate, with the usual tendency for a preference for the upper
layers.

TRIGLID A.
TRIGLA SP.

Post-larval gurnards, mostly between 6 and 11 mm. in length, were
taken in the daylight on June 3rd chiefly below 10 metres. At dusk far
fewer were caught, but they were still in the same layers. In the dark
there had been a definite extension into the upper layers, even to the sur-
face itself, but the numbers taken were rather small. At dawn the
majority were again distributed at about 10 metres and lower, but in
daylight on June 4th, although the numbers caught were extremely
small, there was an indication that they had moved up higher in the water
as did Scophthalmus and Callionymus.

COTTID A.

Cottus bubalis post-larvee were extremely rare and then only occurred
singly.
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GOBIESOCID A£.
LEPADOGASTER BIMACULATUS (Penn.).

Although post-larvae of this species were not very abundant they
showed a marked tendency to move into the upper layers in the dark,
being deep down in the daylight.

LOPHIID A.
Lopntus prscatorius (L.).

Only three specimens of these post-larvae occurred in the catches.

SUMMARY.

1. Results are given of a further series of collections made with the
stramin ring-trawl to determine the diurnal behaviour of post-larval
stages of Teleostean fishes in the Plymouth area.

2. The catches were very satisfactory and showed that in no case,
except for Clupeids and Gobies, was there any really marked movement of
young fish towards the surface. This confirms previous observations.

3. It has been shown on this and previous occasions that Clupeids are
many times more abundant in the catches at night than in the daytime,
and any study of their seasonal or horizontal distribution would probably
have to be carried out at night.

4. For the remaining species, except perhaps Gobies and Callionymus,
oblique hauls taken either at day or at night should give a fair picture of
seasonal or horizontal distribution. More observations are, however,
required.

5. The association of the whiting young with the medusa, Cyanea
capillata, is discussed.
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Observations on Patella vulgata.
Part I. Sex-Phenomena, Breeding and Shell-Growth.

By

J. H. Orton, D.Sc.
Chicf Naturalist at the Plymouth Laboratory.
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INTRODUCTION AND SEX-PROPORTIONS AT DIFFERENT SIZES

THE observations given in the following pages provide an introduction
to the study of sex in the common limpet, Patella vulgata. A preliminary
notice of the work appeared in Nature (Vol. 104, p. 373, 1919-1920).

In determining the minimum age at which Patella becomes sexually
mature, it was found that amongst the smaller and younger individuals
there is a great preponderance of males. The proportion of the sexes in
samples of various size-groups, ranging from 10 to 70 mm. in length,
was therefore investigated to obtain information of sex-proportions
at different ages; for in a given habitat progressive size-groups
may be expected to give on the average a rough indication of
progressive age-groups. Large samples (1000 in a sample was con-
sidered necessary) were examined from the same or a similar habitat
with the results shown in Table I, p. 854 and Fig. 1, p. 852. Altogether
more than 5000 individuals were examined in October and November,
1919. In order to ascertain sex in a maximum number of Patella
it is necessary to examine samples during the breeding season, and
preferably before spawning begins. The breeding season of Patella vulgata
in the Plymouth district may extend from about August through the
winter to about March (see p. 857). After preliminary studies the
investigation of sex-proportions was carried out at about the beginning of
November, but it was afterwards found that the number of undeveloped
gonads among the smaller individuals might probably have been reduced
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by postponing the examination until one or two months later in the breed-
ing season. Sex was recognised by microscopic examination of the
freshly teased gonad wherever doubt occurred on the naked eye appear-
ance (see page 859). The greatest difficulty occurred in the smallest
individuals, with tiny shells ranging from 8 to 15 mm. in length, in which
the sex-elements at the period of examination were undeveloped in a high
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Fra. 1.—Analysis of 5350 individuals of Patella vulgata (Plymouth)
for length of shell and sex, showing the occurrence of a high
proportion of males among small individuals (about one year
old), and a high proportion of females amongst larger indi-
viduals (mainly three or more years old).

proportion. An analysis of the sexual condition at mm. length-groups
from 8 to 25 mm. in a sample of 1102 individuals collected at random is
given in Table IT, p. 855, and Fig. 2, p. 856. In this sample sex was con-
firmed in a large proportion of cases by microscopic examination. In a
sample of small individuals (Sample 2, Table I, p. 854), examined a fort-
night later than that shown in Fig. 2, the percentage of indeterminate
gonads was reduced from 30-5 to 20-4 in a sample of 1233 individuals.
These results establish the fact that maleness predominates to a significant
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degree among young limpets. At lengths ranging from 15 to 21 mm. the
percentage of males was found to vary from 65 to 86 9, and a
percentage at these sizes greater than 90 could no doubt be easily obtained.
In a review of all the samples, as is shown diagrammatically in Fig. 1,
it is clear also that the sex-proportion changes in older individuals to show
a predominance of females (68-5%,), therefore, as a population of limpets
increases in age there is a complete change in the proportions of the sexes.
Gemmill (dnat. Anz., 1896, p. 394) found 68-49, females in a sample
of Patella of unknown but presumably large size, a,nd recently Pelseneer
(Mém. Acad. Roy. de Belgiq., IX, 1928) has found 70-66° female
among 4622 large sexually mature individuals. In the six samples
examined (see Table I) the progressive length-groups may be taken as an
approximate measure of progressive age-groups, since all samples were
taken from about half-tide level and at about the same time of the year
in the same year. Observations on rate of growth of Patella in the Ply-
mouth district are given in this Journal, Vol. XV, 3, p. 863, on the basis of
which the estimations of the range of age in samples 1 to 6 in Table I have
been made.

DI1scUSSION ON SEX-CHANGE IN PATELLA VULGATA.

The occurrence of significantly high percentages of males in large
samples of young Patella vulgata (i.e. 64 to 819,), and of significantly high
proportions of females amongst older individuals (i.e. 689), affords strong
presumptive evidence of a change of sex within the species. It is possible
that a differential rate of growth of shell may occur among immature
males and females, or that during the course of life females survive in
greater proportion than males. The occurrence, however, of so high a
proportion of males as 76-59; in a sample composed of 1233 young
individuals collected at random (Sample 2, Table I, p. 854) with only

3:19;, females and 20-49 of indeterminate sex, along with the fact that
at slightly greater sizes examined from the same locality a week later the
sexes were more nearly equal in proportion and indeterminate gonads
were few, indicates a general similarity of growth-rate at least amongst
the smaller individuals (i.e. up to lengths of about 25 mm.). Further, if
all the indeterminate gonads among the smaller samples became female,
the proportion would still be too small to yield the high percentage of
females found at a slightly greater age (as deduced from size) There are,
moreover, good grounds for concluding that if samples of young limpets
were examined for sex at a later period in the breeding season, e.g.
December or January, the proportion of males would approach 909, and
the indeterminate gonads be reduced to a minimum. Although, therefore,
the evidence available is not sufficiently good to prove protandry, there
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TABLE 1.
SEX-PROPORTIONS AT DIFFERENT SIZES IN PATELLA VULGATA.
No. of sample 1 2 3 1-3 4 5 6 14 4-5 5-6
Locality G.W.W.*  Looe Is. Hoe Total GWW. GWW. LooelIs. - —_ -
Date in 1919 Oct. 31 Nov. 12 Oct. 31 Nov. 19 Nov. 6 Nov. 12 S — —
Length in mm, 10to 25 10 to 25 10 to 25 10 to 25 20t0 356 30todd 45t0 70 10to 35 20 to45 30 to 70
Age in yearst 0-5to 15 0-5to15 05tols 05told  1lto2 1to3 2 to<3 1-5 2:0 3-b
Male . " No. . . 702 044 55 1701 710 255 301 2411 965 5566
. . % . y 63-7 765 81-0 70-8 52-8 432 29-8 64-3 498 347 &
Indeterminate No. . . 336 251 9 596 12 3 18 608 15 21 =
p— : o . . 305 20-4 13:2 24-8 0-9 0-5 1-8 16-2 0-8 1-3 S
H
Female . No. . i 64 38 4 106 621 334 693 727 955 1027 g
i W . % s 3 58 31 59 4-4 46-4 56-5 685 19-4 49-3 64-2
Totals . i . 11021 1233 68 2403 1343 592 1012 3746 1935 1604

* (LW.W.—Creat Western Railway Wharf, Millbay Docks, Plymouth ; the samples from this locality were collected mainly from a level 3
to 9 ft. above low-water spring tide level.

+ The approximate range of age for samples 1 to 6 is given, and the estimated mean age in the last three columns (for observation on
rate of growth see J.M.B.4., XV, 3, p. 863).

1 This sample, with the exception of 5 broken shells, is analysed for length and sex in Table IT, p. 855.



TABLE II.

LexerH-sEX ANALVSIS (IN MM. Grours) oF A Ranpom CorrLecTioN oF 1097 PATELLA VULGATA (LESS THAN ONE
INCH IN LENGTH) AT THE GREAT WESTERN Ratnway WHArr, PrymouTs, OctoBEr 31, 1919.

Lengths in mm. groupa. $lto® 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26-1to27 Totals
Males E . No. 0 0 1 3 11 30 64 8 75 9 78 8 77 43 36 13 9 2 1 696
o 2 i %% G456 735 86-5 865 840 835 800 637
Females . No. — nil 3 0 2 6 9 12 11 10 5 5 1 0 64
- . . o4 25 ¢0 189 67 91 130 200 58
Sex indeterminate No. 0 0 3 6 9 20 40 33 27 12 6 7 3 0 1 —— il 167
upon examination 9 15-2
Sex undertermined No. . 2 6 22 22 43 49 20 6 nil 170
not examined % 154
Totals 2 6 26 31 63 99 124 122 102 104 90 99 92 54 47 18 14 3 1 1097*

* Excluding 5 broken shells this is the same sample as Sample 1, Table I p. 854.

‘FLFOHTAA FITHLVd NO SNOILVAMISIO

Gas
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is every indication so far that there is tendency for all Patella vulgata to
become male at the first sexual maturity.

A selection of females in preference to males could produce a pre-
ponderance of females among the older limpets, but there is no evidence
nor indication of any such kind of selection known in the case of Patella.

The existence of a small proportion of tiny females as well as very
large males is somewhat incompatible with complete protandry, but in
Crepidula fornicata, in which species all young individuals develop a penis

140 -

130
120
110 —
TOTAL SAMPLE
1007
90
80 —
70 - 2
/é?‘.
T TOTALS,

60 — foF sex fy

{npeTERMINED \
m -
4‘0 -
30 -

/ DETERMINED
JoN Ewuuhou
20 4 '\
FEMALES
9, _
T f T T T T B R T T T T t T T |
81-90 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 261-27.0

LENGTHS IN MM. GROUPS

TF16. 2.—Analysis for sex and length (in mm. groups) of a sample of 1097 Patella vulgata
(less than one inch in length) collected at random at Plymouth, October 31, 1919
(see Sample 1, Table I, p. 854).

and pass through at least a transient male gonad phase, there may occur
both tiny females and large males. In this case the tiny (dwarf) females
have passed the male stage rapidly from the absence of opportunity to
function as males, and the large males have maintained their initial sex
from continued opportunity to function as males (see Orton, Nature,
110, p. 213, 1922). There is, however, as yet no indication that the
conditions which control sex in Crepidula fornicata can be applied in the
case of Patella vulgata. Tt is, however, not unreasonable to infer that a
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small proportion of Patella may pass through a hypothetical male phase
unusually quickly and attain a female phase at a relatively small size.
The large males, on the other hand, are inexplicable on a hypothesis of
complete protandry in the present state of knowledge. The difficulty of
accounting for these males would be removed if it could be shown that two
kinds of males exist, one pure and one a protandric hermaphrodite. In
this event it might reasonably be expected that an investigation of the
chromosome constitution of the males would disclose two types and afford
virtual proof of the hypothesis. In Patella sex may be controlled by
special, but as yet unknown, metabolic conditions in a manner which is
comparable with that governing sex in Crepidula (mainly contiguity of
females to males), and in this connexion the possibility of the occurrence
of spat in late autumn as well as in spring may be noted.

The occurrence of hermaphrodite individuals of Patella vulgata is
recorded by Gemmill (loc. cit., 1896), who found three individuals
with an ovo-testis among a sample of only 250 specimens at Millport,
Scotland, and by Pelseneer (Mém. Acad. Roy. Belgiq., VIII, 11, 1926),
who found one among 2750 individuals examined. In my investi-
gations at Plymouth I have never seen hermaphrodites of the type
described by (remmlll although 109, of a sample may consist of males
with a brown and white mottled gonad—sumlar in colour to that
described as occurring in Gemmill’s hermaphrodites—containing cells
suspiciously like young ova. Such individuals may very well be in process
of changing from male to female. In the female, and usually also in the
male, the gonad is discharged completely during the spawning season, and
afterwards passes into a neuter condition. Therefore, since secondary
sexual characters are absent, there is no simple clue—as in Crepidula or
Calyptraea which retain a rudimentary penis—to a preceding sex-
condition, assuming that a change of sex does occur. Therefore, in order
to follow possible sex-changes in Patella, it is necessary to examine
populations from season to season, and to investigate closely by micro-
scopic sections those classes of individuals which experience shows may
be in the process of changing sex. Ainsworth Davis and Fleure (L.M.B.C.
Memoir, X, Patella, p. 60, 1903) state that hermaphroditism may be
more common in Patella than is supposed.

BrEEDING AND SHELL-GROWTH.

In discussing the breeding period of Patella vulgata in Scotland, Russell
(Proc. Zool. Soc., 1909, p. 236) concluded that this period extended from
July to December or January. Gemmill considered Patella to be ripe in
the same locality from the beginning of November to the first fortnight in
January. On the Devon and Cornish coasts this limpet exhibits full



858 J. H. ORTON.

female gonads in a large proportion of the population from about August—
September to about February—March, and spent gonads from about
March to August. The period during which full gonads occur varies in
different seasons. I have made successful artificial fertilisations during the
period 1912-1914 and 1919-1925 at different times during September—
October and especially in January and February, and occasionally in
March. Although ripe females occur in September, it is not known that
natural spawning occurs at this time of the year. Natural spawning does,
however, oceur in January-February, as larvee have been taken in the
tow-nets at this period. It is probable, therefore, that a certain amount of
spawning may occur in the Plymouth locality at any time from August to
March, with a maximum at about January—February. These considera-
tions may be of importance in relation to sex-phenomena. Tiny indi-
viduals, 2 to 8 mm. long, were observed to be common on the shore
in many places in June 1914, 1919, and slightly larger in July in many
years (see Journ. M.B.A4., XV, 3, p. 868) ; the same spat attain a range of
11 to 26 mm. by about the following December. In Januaryand February,
1920, a few spat, 2 to 3 mm. long, occurred on the rocks below Plymouth
Hoe and in Rum Bay, Plymouth Sound, and were in all probability
derived from an early spawning during the preceding autumn. In March,
1920, Prof. Oshima reared Patella through metamorphosis to young spat
at Plymouth from artificial fertilisations.

Shell-growth in Patella is general in spring and early summer in Devon
and Cornwall, but critical observations on growth have not yet been made
during successive seasons. In 1913 a few individuals, which were marked
and measured at intervals of a few weeks, were found to grow regularly
from February to June, but ceased to grow, or slowed down considerably
in growth, during July and early August, and began to grow again towards
the end of August (see Journ. M.B.A., XV, 3, p. 870). In Scotland
Russell (1909, loc. cit.) found that the first-year group grew rapidly in
June, July, and August, but slowed down gradually from September to
December. In the second-year group he found little growth from January
to March, a slow increase during the summer, and cessation again after
October. Russell’s records, however, indicate both in the second-year,
and especially in a few individuals of later-year groups, a slowing down of
growth also in midsummer. Thus the course of seasonal shell-growth in
Patella is not yet understood. It is not improbable that two shell-growing-
seasons respectively in the spring and autumn may be general in indi-
viduals more than one year old, but extensive field and laboratory
observations, combined if possible with work on marked individuals, will
be necessary to produce satisfactory data. It is clear, however, that the
studies of growth and sex in this mollusc cannot reasonably be divorced.
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SEXUAL MATURITY AND SHELL-SHAPE.

It has been noted that changes in shell-shape occur in Patella round
about a length of 25 mm. (Russell, 1909, loc. cit.) and at 25 to 35 mm.
at Plymouth (Orton, Part III unpublished). Russell correlates the
change at 25mm. in Scottish limpets with the attainment of the first sexual
maturity, but the change in shape in southern coast limpets at about 25 to
35 mm. is coincident with the change-over in sex-preportions (see Fig. 1,
p-852) and calls for further investigation. Asthe rate of growth is probably
greater in southern districts, and in any case varies—when stated in terms
of length of shell—in different habitats, it is not unlikely that the under-
lying cause of change in shell-shape is the same in both localities.

Trr CorLour oF THE GONAD.

The ripe female gonad of limpets at Plymouth (see also Pelsencer,
loc. eit., 1926) occurs in two well-marked and different colours, i.e.
brown and olive-green, with, however, a small proportion of gonads
of an intermediate colour. The brown colour is the commoner at
Plymouth. Gemmill (loc. cit., 1896) refers to the colour of the gonad
of limpets in Scotland as being olive-green. An effort was made in
the Plymouth district to find out whether the colour might be due to
a difference in food; brown and green gonads were found, however,
in closely approximated groups of individuals at many different tidal
levels, and in many different localities with one exception. It was found
that green-coloured gonads were rare at the Great Western Wharf in
September, 1920, there being only 3 in 120 females at sizes round about
25 mm. The outstanding difference in the flora at the G.W.W., as com-
pared with other localities, is the virtual absence of red sea-weeds. Entero-
morpha and diatoms are common, and Ulva and Fucoids are not un-
common at the G.W.W. and red sea-weeds are seldom found. It is
possible, therefore, that the brown colour of the female gonad may be
due to the absence of red sea-weeds in the diet.

An additional observation on this subject was made at New Train Bay,
Trevone, N. Cornwall, September 14th, 1928, when the percentage of
green gonads among limpets living in pools was compared with that
among individuals living alongside the pools. In this investigation all
the individuals were taken from a small area of about 5x3 metres of
sloping rock below and near high water, neap-tide level. In the sample
from pools only those individuals living in pools lined by the Corallinaceous
calcareous algee, Lithothamnion or its allies, were regarded as true pool-
living forms. This calcareous alga cannot apparently exist out of water,
and thus afiords a criterion of the minimum level of water in a pool.
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Fromsuch pools it was found that among 66 ripening females 51 individuals
(779%) had green gonads and eggs, while among 94 ripening females
from the adjacent dry barnacled rocks 63 individuals had a brown
gonad with brown eggs, while only 16 individuals, or 17%, had a
green gonad with green eggs. Thus in the pools 77% of the females
had green gonads while the adjacent rocks gave only 179. The
calcareous alga in the pools is an ally of the common red seaweeds, and it
may be assumed that it is eaten by most of the limpets living on *“ homes *’
in the pools, but rarely by those living outside the pools. Other red sea-
weeds were absent at the time from the area investigated. This observa-
tion therefore agrees with the previous ones in indicating that the occur-
rence of any red alga in the food may produce a green coloration in the
eggs, while absence of red algw leaves the eggs brown. Limpets from pools,
however, generally have shells of a type which is referred to the doubtful
species Patella athletica ; the shells from the pools in New Train Bay were
of this type which, although regarded by the writer as a phvsmlomcal
type of P. vulgata, complicates the biology of the common limpet by its
uncertain systematic position.

A genetic and potential sex difference between the green and brown
eggs is not impossible, although rendered unlikely by the occurrence of
intermediate colours, but in any event, it is an interesting fact that
fertilised brown-coloured ova of Patella begin developoment with a
different heritage from those coloured green.

The occurrence of green gonads at high-water mark on the north side
of Mewstone Is. cliffs is associated with the presence of a remarkable
matted encrusting red seaweed, probably Callithamnion Rothii (see
Harvey, Phycologia Brittanica, Plate 1208).

Spent gonads are either brick-red or chocolate coloured, and in this
state sex cannot be determined. - The ripe male gonad is creamy white.
In some spent males a brown coloration is found, sometimes in the form
of mottling on the surface of the gonad ; in this type occur cells, 20 to
50 u in diameter when fresh, which may be very young ova. These
individuals, which resemble Gemmill’s hermaphrodites, may therefore be
suspected of being in a state of sex-change.

CONCLUSIONS.

The differences observed among the sex-proportions at different sizes
in numerically large samples, which can be regarded as providing com-
parable and significant material, along with the observations on herma-
phroditism herein collected together, lead to the conclusions (1) that
Patella is not an ordinary dicecious species, (2) that most, if not all,
individuals are male at the first sexual maturity, (3) that change of sex
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from male to female may occur at an age of one year and at any time
afterwards, (4) that the occurrence of old males indicates the possibility
of the existence of two kinds of males, one pure and one protandric. The
extended breeding period at Plymouth renders it a difficult matter to
collect at random (i.e. without selection) 1000 individuals at about the
time of attainment of first sexual maturity when approximately 1009,
should ez hypothesi be male. Such a sample may be obtained in the future,
and would afford a critical test—along with microscopical examination
of the gonads of suspected sex-changing individuals—of the apparent
protandry in Patella vulgata.

SUMMARY.

An introductory study of sex in Patella vulgata is recorded. The sex-
proportions in samples of 1000 or more individuals of Patella vulgata show
a striking difference in the different size-groups as follows :—

Sex percentages.

Lengths. Age. Male. Indeterminate. Female.
Small 8-25 mm. 6 to 18 months 708 24-8 44
Medium 20-35 mm. 1 to 2 years 52-8 0-9 46-4
g 30-45 mm. lto3 ,, 43-2 0-5 56-5
Large 45-70 mm. 2to<3 ,, 347 13 64-2

The small individuals were examined before the height of the breeding
season, and there is a probability that many or most of the indeterminate
individuals would become male. Hermaphrodite individuals have been
observed previously, and in certain samples 109, of the males contain
doubtful young ova in the gonad. It is therefore concluded that Patells
vulgata is apparently a protandrie hermaphrodite, but that the evidence
is not yet sufficiently good to prove protandry.

Tt is suggested that possibly two kinds of male, which may be recognis-
able by chromosome constitution, may occur, one being pure male and one -
protandric, and also that sex-change may be controlled by as yet unknown
metabolic conditions.

The breeding period is discussed ; it may extend from August to March
at Plymouth in different seasons, and spawning may occur within this
period. A maximum of spawning appears to occur about January-
February. The conditions controlling breeding and spawning in Patella
are unknown, and as the course of seasonal shell-growth is unknown,
although shell-growth is general at the end of the breeding season, it is
suggested that research on the subjects in the future should be combined.

About the time of the first sexual maturity of females and of the change
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in sex-proportion a change in shell-shape occurs. The colour of the gonad
is discussed ; it is either brown or olive-green in most ripe females in the
Plymouth district in most localities : in one locality scarcity of olive-
green gonad is correlated with absence of red weeds, while in pools lined
with a calcareous red alga there is a predominance of green gonads.
The ripe male gonad is creamy white and mottled brown in suspected
hermaphrodites.
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INTRODUCTION.

OBSERVATIONS on the rate of growth of Pafella vulgata have been made
over an extended period and are herein collected together. A preliminary
notice of some of the results was recorded in the Journal M.B.A., X, p. 319,
1914.

During the course of the building of a new wharf at the Great Western
Railway Docks at Plymouth valuable experimental material was obtained
gratuitously for general observation on the rate of growth of marine
animals. This wharf (referred to later by the abbreviation G.W.W.)
was rebuilt in 1911 and 1912 of reinforced cement and is 832 feet long by
60 ft. wide. It was built out into deep water (18 to 24 ft. at low water
ordinary springs) to allow cargo vessels to unload alongside, and was
erected on a foundation of 269 concrete piles driven into the sea-bottom.
The upper ends of the piles were left with about 3 ft. projecting out of the
water at L.W. ordinary springs. On the tops of these piles horizontal
cement walings were first laid down ¢n situ in the form of squares with
horizontal and diagonal struts, and later vertical cement piles with
diagonal struts were added upon these. The course of the construction
was observed in frequent visits to the wharf, and by the courtesy of the
Great Western Railway officials, especially Mr. J. A. Denny, the Assistant
Divisional Engineer, and the works manager, Mr. Curtis, I was able to
obtain detailed records of the dates of completion of construction of every
pile or waling of which the structure is composed.
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Every portion of this wharf, therefore, provided experimental material
for determining the maximum age of any marine organisms which might
grow thereon after being exposed to the sea. It happened that the vear
1911 was an unusually warm one, and unusually favourable for the growth
of marine organisms, and the first nine months of the year 1912 were also
warmer than the average, so that the growths obtained at this wharf were
remarkable. 1t was soon found that many of the prevalent marine animals
attained sexual maturity or full size at an age of only a few months to a
few years, so that new generations soon began to overlap the earlier ones.
Therefore it became a matter of much importance to define the breeding
periods of the different animals obtained in order to evaluate the material
collected. The outbreak of the war in 1914 occurred at a critical stage in
this work, and postponed publication of many of the results.

OBSERVATIONS ON THE RATE oF GROWTH OF PATELLA VULGATA,

During 1912 it was found that limpets settled chiefly on the vertical
cement piles, and also on the horizontal ones, but rarely on the cement
piles which were driven into the sea bottom and remained projecting
about 3 ft. above L.W. ordinary springs, that is, to the level just below
L.W. neaps. In a zone 4 ft. above the horizontal walings limpets were
common, but rare at heights of 5 to 6 feet, i.e. above the level of H.W.
neap tides ; they therefore occurred mainly in a zone 3 to 12 ft. above low-
water ordinary spring tides, that is, between L. and H.W. neap tide levels.
Harly in 1913 collections of Patella were made from various parts of the
wharf, and in addition a number of limpets were marked and observa-
tions begun on the rate of growth of individuals. Additional material was
collected during the year and in 1914. The results of the work are shown
i Tables I and II, p. 868 and 870, and in Figs. 1 and 2, p. 866 and 8T71.
In Fig. 1 are plotted the dates at which the cement surfaces (on which
limpets were found) were exposed to the sea against the lengths of the
limpets at the time of collection or observation. The resulting graphs
give the maximum growth-period, but indicate by their angle of slope
only the minimum average rate of growth, since larvae would not actually
settle in many cases at the moment the cement was exposed to the sea.

Within a small area the cement walings were constructed at about the
same time, so that if far greater latitude of movement be allowed to
Patella than is known to occur, the maximum age as determined would
not err by more than 2 or 3 weeks if it be assumed that limpets crawled
from one part of the wharf to another. The growth of three marked
individuals was measured at intervals, mostly of a fortnight, from January
27 to September 1, 1913, and is plotted in Fig. 2, p. 871, as well as by the
thicker lines in Fig. 1, p. 866.
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The observed rate of growth in the period January to September, 1913,
1s greater than is indicated by most of the graphs in Fig. 1, i.e. where
growth is plotted against the maximum possible period of growth, in
spite of the arrest of growth shown in July (see Fig. 2) and the slower
growth in February and March. Such a result is, however, to be expected
from the fact that the breeding period of Patella at Plymouth extends
from August to March, and that spat would only fall over a period from
September—October to April-May with a maximum spat fall in the spring
(see Journ. M.B.4., XV, 3, p. 857). The settlement of young Patella
may therefore be expected to occur from September to May, hence the
group of individuals shown at A and B in Fig. 1 are unquestionably
limpets derived from early and late falls of spat in the spatting season of
1911-1912. Similarly the groups of records at C and D in Fig. 1 are with
little doubt derived from the spatfall of the season 1912-1913. The dotted
lines ending at C in Fig. 1 are records of spatfalls whose growth was noted
in 1913 (see Table I, Nos. 11 to 19). A few spat obtained on new structures
built in the Cattewater in May, 1919, are shown in Fig. 1 as occurring in
1914 for convenience.

These observations show that at the G.W.W., Plymouth, Patella vulgata
attained a length of at least 30 mm. (see Fig. 14) in the season 1911-1912
at an age of about one year (reckoning from Sept. to Sept.), and a length
of 53 mm. (see ig. 1) at an age of not more than two years in the period
reckoning from September, 1911, to September, 1913. In December, 1913,
the spat of the season, 1912-1913, ranged in size from 11 to 26 mm. (see
Fig. 1c) and grew to 37-41 mm. by May, 1914, and 47-49 mm. by
September, 1914 (see Fig. 1p). It is important, however, to remember that
1911 was an unusually warm season and that 1912 was warmer than the
average during the first nine months of the year. Most of the situations
from which Patella were obtained at the G.W.W. were damp and in the
shade, and at about half-tide level. All these circumstances are favourable
forrapid growth of shell and for increase in length of shell at the expense of
height, as will be shown in Part I1T of the “ Observations on Patella.” For
these reasons I conclude that the growth-rate in length shown by these
limpets is high, and that a much lower average rate will occur on the
adjacent rocks and reefs in Plymouth Sound. In 1919-1920 10 limpets
were measured in situ at the G.W.W. (see Table III, p. 872) from July to
May, and show a slower growth-rate than in 1911-1912. It was found that
small individuals (A and B) grew continuously, though more slowly in
September and January than in the remainder of the period. Among
larger individuals, i.e. above lengths of 23-0 mm., growth slackened only
at the end of August and did not begin again until after February. The
number of individuals observed is however small, and the resulfs obtained
can only be regarded as indicating the general phenomena of growth.
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The length of the shell at the date of collection or observation is plotted against the date of completion of the structure on which the limpets
were found. Thus each graph gives the maximum period of growth, and shows by its slope the minimum mean rate of growth, The
thickened lines show the mean rate of growth given by the field observations shown in Table T1, p. 870.



OBSERVATIONS ON PATELLA VULGATA, 267

In Table I, p. 868, details are given of the greatest possible age of the
limpets collected at the G.W.W., and also the probable mean age at the
sizes given.

Since spat may fall at any time between September and May, the mean
date of the fall of spat may be fixed in January. Field observations in
1913, 1914, and 1919 indicated that the main spatfall occurred about
April-May. So that the mean period of growth and probable mean age
given in Table I is regarded as likely to be too great in most cases. There
is undoubtedly great variation in the size (length) of spat as a result of
the drawn-out spawning season—apart from other considerations affecting
size—so that it is impossible to dogmatise on the age of any limpet to
within a few months. In Scottish limpets Russell (loe. cit., 1909) estimates
the lengths at one year old as 20 to 25 mm., at two years 38 mm., about 43
in the third, and 45-48 at the end of the fourth year, whereas it has been
shown above that at Plymouth a length of 53 mm. was attained at age
certainly not more than two years. Moreover, a glance at A, Fig. 1, p. 866,
will show that some limpets spatted in 1911 would in all probability have
attained lengths of up to 60 mm.—from the trend of observed and plotted
rate of growth—at an age of only two years,

The observations in Scotland and at Plymouth may be compared as
follows :—

Lengths in mm. at

1 year. 2 years, 3 years. 4 years
Scotland, 1908 20-25 38 43 4548
Plymouth, 1912 26-35 53 —
. 1913 11-27 47-49

These considerations show in the first place that the limpets spatted
at Plymouth in 1911-1912 must be regarded as showing exceptional
growth in length, and show in the second place that all the factors regard-
ing shells should be known in order to compare samples from different
localities or seasons. It will be shown in a later communication that the
relations of length and breadth of the shells given in Table I are similar
to those of most limpets growing between H. and L.W. neaps. but the
heights and thicknesses are apparently a little less than usual in mid-
tide limpets.

An illustration of the variation in the rate of growth of shell in different
habitats is afforded by continuous records (see Table IV, p. 872) made on
11 marked shells i sitw on the rocks in the lower barnacle zone below the
Hoe, Plymouth, from July, 1919, to August, 1920. The limpets were all
about one inch long and were attached to a rock facing south, and exposed
to sun during spring tides. Seven of the shells showed very slight or no
growth, and of the others the maximum increase in length was 3-4 mm.,
and the average 2-6 mm. ; while the average increase in length of all the



TABLE I.

REcorDs oF RATE oF GROWTH* OF PArBLLA VULGATA AT THE GREAT WESTERN RAILWAY WHARF,
MiLusay Docks, PLyMouTH,

(V.=vertical ; H.=horizontal ; C.P.=cement pile; C.W.=cement waling ; W.P.=wooden pile ; S.=south; N.=north:
h.=height of shell.)

No. of Site of
observa- observa-
tions. tion.
1 1 Inner Bay, S.
2 £V.OGR,S.
3 2 Bay, S.
4 1 Outer Bay, S.
5 6CP.,S.
6 »
7 B8CP,S.
8 i
9 6 Diag. C.W,, 8.
10 .
11 8C.P,S.
12 86 V.CP,S.
13 14 V.C.E., N.
14 15 V.C.P.,, N.
15 26 V.C.P.,, N.

No. of
indi-
viduals,

1

Greatest
possible age
Maximum to nearest  Probable mean
period of calendar period of
growth. month. growth.
1911 1913
Sept. 9-Jan. 7 17 Jan.,, 1912-Jan., 1913
July 13-Jan. 25 20 - il
July 156-Jan. 28 20 - »
Aug. 12-Jan. 25 185 e .
July 22-Jan. 27 20 May, 1912-Jan., 1913
27.1.13-2.9.13 27 —
Sept. 16-Jan. 27 17:6 Jan., 1912—Tan., 1913
27.1.13-2.9.13 25 —
Sept. 16-April 4 20 May, 1912-April, 1913
4.4.13-2.9.13 25 —

Sept. 16-July 18

Aug. 19-Sept. 16
1912 1913

July 12-Iec. 16
July 27—,
May 4- ,,

Jan., 1913—-July, 1913
Jan., 1913—Sept., 1913

Jan., 1913-Dee., 1013

Probable
mean age
to nearest

calendar

month.

13
13
13
13
8
15
13
20
12
17
Jtob
5to 8

9 to 12

a

Maximum

gize in mm,

Length (1) =
Breadth (b)

46-5 380
43:0 350
370 310
46:0 390
21-0 160
41-0 33-0
380 320
530 450
22-56 170
330 285
140 —

210 —

21-0 160
21-0 158
22:0 160

Remarkst
Measurements in mm.

h=125 mm.

h=16-0; ripe female.}

ripe male}

h=145; 2 ripe 7, 1 ripe§ 3.

observed growth=20 mm., see Fig, 2,
observed growth=15 mm., see Fig.

observed growth=10-5 mm., see Fig. 2.
1913 spat; 9 to 14 mm.||

12 to 21 mm.||

10 to 21 mm,

o

898

'H'r

‘NOLHO



16

-
i

18
19

20
21
22

23

24

25

26
27
28
29
30

31

20 V.C.P, N.
19 V.C.P., 5.
21 V.C.P., 8.

6 Diag. C.W., N.

All parts
4 V.C.P.,, N.

5 Diag. C.W., N.

6 V.C.P, N.

10 Bay C.W., N.

9 V.CP, N,

6 V.W.P., N.
10 Bay, N.
11 Bay, N.

No. 2 Slip, Batten
No. 2 Sewer-pipe,

Batten
Cawsand raft

10

oo

610

13+ oo

Sept. 30-Dec. 16
Jan. 9-
Jan. 20—,

May 20-Dec. 12
1912 1914

— June 9
June 11—,
May 20—,

June 21—,

July 19—,

Aug. 17-

July 18-,
June 17-0Oct. 23

1919 1919

o o

[T

24-5
30
30

3 Oct.(1918) June 28 ca.b

1

145

May  June 28

2

July 16 Oct. 1920 —

May, 1913-Dec., 1913 9
Jan., 1913-Dec., 1913 9 to 12
9 to 12

. =

May, 1912-Dec., 1913 19

Jan.~June, 1914 3 to 6
Jan., 1913-June, 1914 18

s L 18

5 5 18

. Y 18

» 5 18

» ” 18
Jan., 1913-0Oect., 1914 22

,, o 22
Jan., 1919-June, 1919 2 to 6
May, 1919-June, 1919 2
Jan., 1920-0ct., 1920 6 to 10

14-5
270
26-0
360

10-0
4040
370

39-0

410
390-0

39-0
49-0
470

9-2
36

13:0

11-5
20-8
20-5

31-0

335

34-0
34-0

32:0
46-0

1913 spat; 13-5 to 14-5 mm.

- from 11 = 8-8.

- from 24-8x 17-6.
also six 1913 spat, 11 fo 24 mm.

co 1914, spat up to ca. 10 mm.

5 others 34 to 37, and 10 1914 spat to
10 mm.

12 others 30 to 38, and 1914 spat to
10 mm.

and one 36 % 29 mm.

and 32 and 38; and o 1914 spat to
10 mm.

also 38 31, 32« 26, and 30 x 25 mm.

1919 spat,| 7 to 9-2 mm.
a 1919 spat.

1920 spat.

* The records of growth are for limpets growing mainly between H. and I W. neaps. The shells are mostl y thin and of the low-water type,
i.e. flat and broad with length, breadth, and height relationships clogely similar to those of the Looe Island mid-tide or low-water lim pets, to be
described in Part 11T of the “ Observations on Patella.”
T Unless otherwise noted the measurements refer to lengths in mm.
1 Successful artficial fertilisations were made from these ripe individuals.
§ An artificial fertilisation of these individuals gave 109}, segmenting eggs and, later, trochospheres.
Il Spat ranging in length from a few to 10 mm. were observed in June in 1913, 1914, and especially in 1919, when they were found at the
G.W.W., rocks below Plymouth Hoe, and Looe Island.
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870 J. H. ORTON,

eleven shells for the whole period was only 1-3 mm., and less than 1 mm.
for the period July to March in which all survived.

An arrest in shell-growth at lengths of about 25 mm. was observed by
Russell (Proc. Zool. Soc., 1909, p. 247), and two instances occur in Table IT1
(D and E). It has been noted that a change in sex-proportion (see Journ.
M.B.A., XV, 3, p. 854) begins to show in populations of Patella at about
this size, and it is highly probable that the observed arrest in growth is
accompanied by profound changes in the gonad.

TABLE II

RATE oF GROWTH OF THREE MARKED PATELLA VULGATA, MEASURED®
IN 817 AT THE GREAT WESTERN Rarinway Wwarr, PrymouTH
(see Frc. 2, p. 871.)

(For explanation of symbols see Table I, p. 868.)

* Home 5C.P., S. 8C.P,S. 6 Diag. C.W., 8.
1913 L B L B L B
Jan. 27 21-0 16-0 38-0 32-0 — —-
Feb. 21 23-0 18:0 39:0 33-0 — -
March 12 245 20-0 40-0 335 - —
April 4 26-5 216 42-0 35-0 22-6 17-0

. 23 29-0 23-5 43-5 375 25-0 19-0
May 23 32-5 26-5 445 39-0 27-5 22-5
June 20 36-0 28-0 48-H 42-0 315 255
July 4 38-0 30-0 50-0 43-0 32:0 25-0

w18 370 31-0 51-0 43-0 n.m. —
;—\ug. 8 380 31-5 515 44-0 32-0 26-5
Sept. 2 41-0 330 530 45-0 330 285
. 16 lost lost 335 27-0

The shells of these limpets were impregnated by the calcareous lichen
Arthropyrenia foveolata, as are most Patella and Balanus in this and
similar localities, but it seems unlikely that either this or the marking of
the shells with a file, and later with anti-fouling paint (which dries rapidly
in the sun) can have contributed to more than a fraction, if any, of the
observed arrest of growth.

PATELLA SPAT ON AN EXPERIMENTAL RAFT.
On July 16, 1919, a large wooden raft (20X 6 x 2 ft.) was moored in Caw-
sand Bay for the purpose of carrying out general experiments on rate

* Measured to the nearest 0-5 mm. : errors of 1 mm. may occur by measuring the
axis slightly obliquely ; see also Tables 111 and IV,
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of growth. On October 9, 1920, a large spatfall of 145 Patella was found
on the surface of the raft, which was awash and covered with Entero-
morpha. At this time the spat ranged in size (length) from 8 to 13 mm.,
and were therefore similar in size to the 1913 spat at the G.W.W. (see
Fig. 1, p. 866). The raft was unfortunately destroyed in a gale late in
December in the same year, and the lid on which the Patella were attached
was lost. It had been hoped to determine the sex in all these individuals,
which were known with certainty to have been spatted in the 1919-1920
season and were probably not more than 5 months old.

SEASONAL SHELL-GROWTH.

The observations on seasonal shell-growth herein recorded are incom-
plete, and are to be regarded as preliminary investigations. It is now
known that in order to establish satisfactorily the facts with regard to

MMS.
501°
g CP,
40 A
30 5 CP. 6 DIAG. CW.
20 i I T 1 T T T T L FETSI
J F M A M J J A S

18913.

TFie 2.—Observed increase in length of the shell of three Patella vulgata at
the Great Western Railway Whatf, Plymouth (see Table IT, p. 870)
showing an arrest of growth at mid summer; from measurements made
at intervals of 2 or 4 weeles (Habitat : below H.W. neaps).

seasonal shell-growth, it is desirable to study the material in the field and
laboratory fortnightly or monthly during several successive years in
different localities.

Shell-growth in young individuals, up to a length of about 25 mm.,
appears to be almost continuous in the Plymouth district with a tendency



Rarte or GrowrtH 0F soMB PATELLA VULGATA WHICH WERE MARKED AND MEASUREDT Iv
(L=length ; B=breadth of shell.)

N 1919-1920,

TABLE IIT.

s1TU AT THE G.W. W,

Individual A, B C D E I G. H. {5 J.

Site of * home.” 7 V.C.P.,8. 2D.C.W,8.7V.C.P,8. 2V.C.P,,S. 1V.C.W,S8.1R4P,8 7V.C.P.,,8 8CP,S 1V.CP,S 11V.C.P,8S.

1919-1920 L. B. L. B L. B. L. B. L. E. L. B. L. B. L. B. L. L. B.
July 1 11-0 80 130 95 235 180 240 190 240 200 26:0 200 285 230 — — 330 37-0 315
»w 25 13:0 90 160 12-0 230 190 260 21-0 245 210 290 225 306 240 — — 3356 330 316
Inerease 20 10 30 2.5 il 1-0 20 20 0-5 10 30 2.5 20 10 — 04 10 nil
Aug. 25% 150 11-0 17-2 14-0 26:0 21-0 27-0 21-5 250 21-5 315 245 320 255 — — 355 394 328
Increase 2.0 2-0 1.2 20 24 30 nil  nil [/ I 25 2.4 15 14 - 14 -0 05
Sept. 25% 16:0 120 154 14-2 lost 264 21-4 252 226 lost lost 280 234 34-8 39:0 320
Increase 10 10 12 il — nil il nil @5 — —- - — nil nil  nil
Oct. 20* 184 140 lost 26-6 22-0 258 22.6 — 286 244 350 394 322
Increase 24 240 e — 05 10 05 il - — 06 10 nil nil  nil
Dee, 12% 20-6 156 lost 26-2 22.0 — — 286 244 354 394 320
Increase 2:2 16 = as — 5 il — nil il ml nil  nil
Feb. 7 21-56 17-0 - lost e s lost 35 39-2 325
Increase 09 14 —_— — — — . nil nil 05
May 4 lost —_ - — — — — lost 39-5 33-0
Total increase 105 90 54 4% 25 30 26 30 22 20 55 45 35 25 nil nil 20 25 16
TABLE IV.

MeASUREMENTST IN s170 OF MARKED PATELLA VULGATA ON THE NEEDLES, THE Hor, PrymouTn, 1919, 1920.
1919-1920 I II IIT v v VI VII VIIL IX X XI
July 3 240 190 230 176 240 195 23-0 190 230 190 250 200 240 20-4 250 195 2656 21-0 255 20-0 240 19-6
Aug. 1* 240 185 234 176 246 198 244 190 238 196 250 21-6 244 206 244 196 270 21-2 264 2000 250 20-0

o 20% 23-8 188 23-8 182 250 20-2 250 196 24-2 200 256 21-0 246 206 248 196 274 21-2 260 204 253 19-8
Oct. 8% 23-6 184 226 184 250 202 248 196 244 198 250 21-6 244 21-0 246 196 272 210 26:2 202 250 19-6
Nov. 24* 238 190 236 190 250 200 258 196 250 20:0 256 210 246 21-0 24-8 194 264 208 27-0 20-0 254 20-0
Jan. 26 23-8 186 246 180 25-2 20-2 250 200 246 202 256 21-0 242 210 248 198 274 206 272 204 258 19-4
March 10% . 240 190 244 180 24-8 202 252 2000 244 198 256 21-2 240 210 25:0 196 272 21-0 270 206 252 20-0
Aug. 5* lost 26-0 20-6 256 22-0 264 ¥ 25-6 2240 lost lost lost lost lost: lost

Total increase  nil il 30 30 16 25 84 15 26 80 06 12 nil 06 nil nil nil  nil 1 05 15 nil

* Stanley rule divided into 0-2 mm. used with fine dividers,

T In mms.
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to slower growth at midsummer and in midwinter (see Tables IT and III).
At lengths of about 25 mm. there is an indication of an arrest of growth in
some individuals—apart from seasonal arrest of growth (see Table IV and
Table III, C, D, and E). Above lengths of about 30 mm. the growth-
period becomes more sharply defined into at least a definite post-breeding
spring and early summer phase followed apparently by a resting mid-
summer period (see Fig. 2, p. 871), after which growth may or may not
occur (see Tables II and III). The extent of the midsummer arrest of
growth shown in Fig. 2 is not known, and remains to be investigated.
The possibility of two shell-growing periods is indicated, and the problem
presented is of importance in interpreting the growth-rings on the shells
from any particular locality.

Definite investigations on general seasonal growth during a period of
years combined with observations on sex and spawning are now desirable,
with a view to defining the relation between breeding and shell-growth
on the one hand and the relation of environmental (i.e. habitat and
climatic) conditions to both breeding and shell-growth on the other hand.

VARIATIONS IN SHELL-SHAPE AND THEIR PRIMARY CAUSE.

In the course of studies on Patella vulgata particular attention has been
given to the variations in shell-shape, especially shell-height, and the
- cause of the variations exhibited. The results of this portion of the work
will be given later in Part IIT of the observations, in which it will be
shown that limpets which are covered at neap tides have shells whose

: ; : L+4+B
dimensions are given by the statement @) =255 to 2-81, for lengths

above 35 mm. of about 1000 individuals from different localities ; and
that limpets occurring above high-water neaps grow shells whose dimen-
L+B
2(H)
different localities) ; where L=length, B=breadth, and H=height of

sions are given by =1-81 to 2-25 (about 1000 individuals from

shell. Among high-water shells the lower value for _’;(ﬁ})} namely 1-81, is
given by limpets in dry situations, and the high value by those in damp
situations. These facts—along with certain observations—Ilead to the
conclusion that the height of the shell in Patelle vulgata is governed
almost entirely by the sum of the factors which tend to cause the animals
to dry up (the desiccation factor), and that therefore wave-action plays
only a minor and secondary part in controlling shell-height.

The variations in shell-shape shown by limpets in different habitats
is an important matter in relation to studies on rate of growth, and must
necessarily be considered in such work.
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SUMMARY.

Many common limpets, Patella vulgata, settled and grew on the cement
piles of a new wharf constructed at Plymouth. Each pile or part of this
wharf provided experimental material for the determination of the
maximum age of the limpets which grew thereon, as the dates of completion
were known. It was found that at an age of about one year limpets grew
to lengths of 26 to 35 mm. in 1912, and to at least 11 to 27 mm. in 1913 :
and at an age of two years to at least 53 mm. in 1911-1913, and to
47-49 mm. in 1912-1914.

The shells were of the mid-tide-level type, and were low, broad, and
rather thin. It is considered that such growth in length is unusual, and
is correlated with the habitat and favourable climatic conditions. In the
same situation in 1913 marked limpets grew from January 27 to September
2, respectively, 20 mm. (from 21 to 41) and 15 mm. (from 38 to 53), and
showed arrest of growth in midsummer.

Other marked limpets showed arrest of growth in the winter period,
and many at lengths of about 25 mm. an arrest of growth independent of
any season of growth. Seasonal shell-growth is discussed briefly ; a post-
breeding shell-growing period is general in spring and early summer, but
it is not known whether a midsummer resting-period is general among
individuals more than one year old. Ad hoc investigations are suggested
in combination with work on sex and spawning.

A preliminary notice is given of investigations into the cause of variation
in shell-height, wherein it is shown that shell-height is determined
probably entirely by the degree of exposure of limpets to desiccation,
in such a manner that the drier the habitat the higher the shellis. Limpets
submerged at neap tides have a relatively uniformly low shell, those
exposed at high-water neaps have a relatively high shell, which is higher
in the drier than in the damper situations, apparently irrespective of
exposure to wave-action.
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INDEX.

A

Actinauge, 16

Actinia, 18

Alpheus larve, vertical distribution, 99

Amaroucium densum, 179

— nordmanni, 162, 179

— punctum, 179

Ammodytes, vertical distribution of post-
larvee, 847, 850

Ampeliscus, vertical distribution, 93

Amphitrit: ornata, lunar periodicity in,
623

Anchialus
91

Anelasma squalieola, nauplius larva, 125

Anguilla vulgaris, conditioned response in,
529

Anomalocera  Patersont,
bution, 89

Anurella solenata, 169

Apherusa, vertical distribution, 91

Aplidium pallidum, 162, 179

Arachnectis Bournet, 86

Arbacia  punetulata, echinochrome from,
704

Avrchidistoma aggregatum, 179

Arnoglossus, vertical distribution of post-
larvea, 842, 850

Arthropyrenia foveolata, on Patella, 870

Ascidia conchilega, 162, 167, 179

— mentula, 162, 179

— obliqua, 162

— prunum, 162

~— virginea, 179

Ascidian fauna of Plymouth, 177

Ascidians, validity of species, 159

Ascidiella aspersa, 162, 170, 179

— zeabra, 162, 170, 179

Asterias rubene, fertilisation membrane in,
708

Aurelia aurita, 86

Axius larvee, vertical distribution, 99

agilis, wvertical distribution,

vertical  distri-

B

Balance Sheet 1927-28, 726

Beach, physical factors on sandy, 535, 553

Biennius galtorugine, conditioned response
in, 492, 502, 510, 527, 530 ; vertical
distribution of post-larvee, 8483, 850

— pholis, vertical distribution of post-
larvae, 848, 850

Bolocera, 16

Boltenia hirsuta, 162

Bostrichobranchus pilularis, 162

Botryllus (Botrylloides) rubrum, 162

— leachii, 178

— schlosseri, 162

| — —var. polycyclus, 178

— — var. typica, 178

Boungainvillea, vertical distribution, 85

Brachyura of Plymouth district, 109

British Edwardsidae, 1

Bunodaetis, 18

c

Calanus finmarchicus, vertical distribution,
89, 429, 841 ; life-history, 444

Caligus rapaz, vertical distribution, 89

Calliactis, 16

Callianassa larvee, vertical distribution, 96

Callionymus, vertical distribution of post-
larva, 841, 846, 847, 850

Callithamnion Rothii, 860

Candacia armala, vertical distribution, 89

Carbon dioxide concentration in sandy
beach, 553

Centrechinus  (Diadema)  setosus,
periodicity in, 623 ; effect of tempera-
ture on, 626

Centrolabrus exolefus, vertical distribution
of post-larvee, 847, 850

| Ceratocephale osawai, lunar periodicity in,

| 623

lunar
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Chetoceros, photosynthesis of, 337

Chetoplewra apiculata, lunar periodicity
in, 623, 625

Chetopterus variopedatus, regeneration in
151 ; control of beat of fan segments,
704

Chiton tuberculatus, lunar periodicity in,
623

Cliona infestinalis, 162, 179

Clavelina aurilucens, 179

— lepadiformis, 162, 179

Clupea sprattus, vertical distribution of
post-larvee, 834, 850

Convoluta roscoffensis, lunar periodicity in,
623, 624

Corella parallelogramma, 162, 178

Coscinosira polychorda, photosynthesis of,
322

Cosmetira pilosella, vertical distribution, 86

Coftus bubalis, conditioned response in,
530 ; vertical distribution of post-
larvee, 848, 850

Crab megalope and zoew, vertical distri-
bution, 97

Crangonid larvee, vertical distribution, 93

Crenilabrus melops, conditioned response
in, 508, 510, 520, 523 ; vertical dis-
tribution of post-larvee, 847, 850

Crepidula fornicata, sex phenomena, 856

Crustacean nerves, electro-physiological
investigation on, 706

Crystallogobius nilssoni, vertical distribu-
tion of post-larves, 848, 850

Cumacea, vertical distribution, 91

Cumingia tellinoides, lunar periodicity in,
623

Cyanea capillata, 86 ; vertical distribution,
835

D
Diadumene, 16, 18
Diatom cultures, photo-synthesis of, 321
Diazona violacea, 179
Dictyota dichotoma, lunar rhythm in repro-
duetion, 622
Dinobaothrium septaria, 712
Diplosoma listerianum, var. gelatinosum,
162, 180
Distaplia clavata, 162
Distomus variolosus, 172, 178
Dogfish, myothermic observations on, 706
Doliolum nationalis, 180

INDEX.

E

Ebalia, larval stages, 109

Ebalia canchii, 109, 110

— tuberosa, 109, larval stages, 110

— tumefacta, 109

Echinochrome, 704

Echinoderms, fertilisation membrane in,
708

Echinospira larveae, vertical distribution, 99

Echinus, fertilisation membrane in, 708

Edwardsia, 1

— allmant, 5

— beautempsii, 3, 7, 20

— callimorpha, 3, 5, 6, 13, 15, 18, 20

— claparedii, 6, 20

— danica, 24, 27

— delapie, n. sp., 4, 5, 9, 15, 23

— goodsiri, b

— tecta, 5, 10, 25

— timida, 6, 9, 23, 27

Edwardsinam, 4

Etmopterus  spinax,
squalicola, 125

Eugyra arenosa, 177

FEulalia punctifera, lunar periodicity in,
623

host of Anelasma

F

Fishes, conditioned responses in, 485 ;
vertical distribution of pelagic young,
829

Fritillaria borealiz, 180

G

Gadus, vertical distribution of post-larvee,
835, 840, 850

Galatheid larva, vertical distribution, 95

Gammarus, rearing and breeding, 33 ;
relative growth, 655 ; new mmutations,
710 ; inheritance, 711

Gammarus chevreuxi, 3342, 52, inheri-
tance in, 710 ; mutations, 45, 710

— duebenii, 33, 52

— locusta, 33, 42, 52

— marinus, 33, 52

— pulex, 33, 42, 52

Gasterosteus  aculeatus,
sponse in, 530

conditioned re-
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Gobius minutus, conditioned response in,
530; Gobius sp., vertical distribution
of post-larvae, 834, 848, 850

Gonactinia, 2

Gromia oviformis, T08

H

Heaemerythrin, 709

Haleampe chrysanthellum, 15, 18

Haplostylus Normanni, vertical distribu-
tion, 91

Hemimysis lamorne, feeding mechanism of,
7056

Herring investigations, 237, 267, 279, 305

Heterocarpa glomerata, 172

Holozoa (Distaplia) rosen, 179

Homarus vulgaris, larve, vertical distri-
bution, 99

Homo sapiens, lunar periodicity in, 624

Hormathia, 16

IJ

Laboratory of the Marine
Association, 735

Labrus bergylta, conditioned response in,
510, 520, 523 ; vertical distribution of
post-larvae, 846, 847, 850

Biological

— smixtus, vertical distribution of post- |

larva, 847, 850

Leander larvee, vertical distribution, 99

Lebetus seorpivides, vertical distribution of
post-larvae, 848, 850

Leodice, lunar periodicity in, 623, 624

Lepadogaster bimaculatus, vertical distri-
bution of post-larvee, 849, 850

Leptomysis gracilis, vertical distribution, 91

Leuresthes tenuis, lunar periodicity in, 624

Light, penetration into seawater, 455

Limacina retroversa, vertical distribution,
99

Limnoria, absence of a cellulase in, 712

Loimia medusa, post-larval development,

129

— montagui, 143

— turgida, 142

Lophius piscatorius, vertical distribution
of post-larvee, 849, 850

Lunar periodicity in animals and plants,
605, 622, 623

Lysidice cele, lunar periodicity in, 623
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M

Macoma baltica, distribution according to
size, G538

Macroplankton, vertical distribution, 81,
429, 829

Meganycetiphanes norvegica, 57, 60

Merlueccins merluccius, vertical distribution
of post-larvee, 840, 850

Mesacmea (Ilyanthus) mitchelli, 15

Metridia lucens, vertical distribution, 89

Metridium, 16, 18

Microcosmus caudicans, 178

Milne-Edwardsia carnea, 3, 10, 15, 30

— dizondi, 6, 9, 11, 12, 27

Milne-Edwardsins, 4, 6

Molgula ampwlloides, 162-164, 177

— bleizi, 162, 166, 169, 170

— canadensis, 162, 166

— citrina, 162, 164, 166

— complanata, 162, 166, 178

— echinosiphonica, 164, 166, 169

— littoralis, 164

— macrosiphonica, 163, 164

— manhattensis, 162, 163, 177

— nana, 164, 166

— oceulta, 162, 166, 167, 169, 170, 177

— oculata, 162, 166, 167, 168, 169, 170,
177

— papillosa, 163, 166

— relortiformis, 162

— robusta, 162, 163, 164

— roscovita, 166, 167, 168

— simplex, 162, 163, 164, 167, 178

— socialis, 163, 164

— solenata, 166

Molwva inolva, vertical distribution of post-
larvse, 840, 850

Morchellium argus, 180

Muscle, viscous-elastic properties, 707

Mysidacea, vertical distribution, 91, 108

Miytilus edulis, distribution according to
size, G688

N

Nebalin bipes, feeding mechanism of, 704

Neoderma, lunar rhythm in reproduction,
622

Nereis, lunar periodicity in, 623, 624

Net, for plankton near the bottom, 105

Nets, preservation of, 219

3K
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Nicolea zostericola, post-larval develop-
ment, 139, 140

Nitrate in the sea, 183

Nyctiphanes Couchii, vertical distribution,
91

0

Obelia geniculata, lunar periodiéity in, 623

Obelia, vertical distribution, 85

Obituary, Arthur Everett Shipley, 361 ;
Walter Campbell De Morgan, 362

Odontosyllis enopla, lunar periodicity in,
623

Oikopleura diotca, 180

Onos, vertical distribution of post-larve,
840, 850 i

Ostrea edulis, rhythmic periods in shell-
growth, 365; lunar periodicity in,
623 ; effect of temperature on spawn-
ing, 626; absorption of glucose, 643 :
pearls from, 703

P

Pagurid larve, vertical distribution, 96

Palemon, size of eggs, 60

Pandalid larvee, vertical distribution, 93

LParabothrivm bulbiferum, 712

Paraphellia, 16

Patelln vulgata, distribution according to
size, 688 ; breeding season, 851, 857,
865 ; sex-phenomena, 851, 853 ; shell-
growth, 857, 863; colour of gonad,
859

Peachia, 15, 18, 86

Peachia triphylla, 15, 18

Pearl structure, 703

Pecten  opercularis, lunar periodicity in
reproduction, 605 ; temperature limits
for spawning, 626; geographical dis-
tribution, 626

Perophera listeri, 162, 179

Phewocystis, vertical distribution, 108

Phallusia mammillata, 162, 179

Phellia brodricit, 16

— gausapata, 16

Phialidium, vertical distribution, 86

Photosynthesis, 321

Phyllosoma, vertical distribution, 93

LPinnotheres, larval stages, 109

INDEX.

Pinnotheres pisum, 110 ; larval stages, 114

— velerum, 110 ; larval stages, 115

Plankton net, 105; vertical distribution,
81, 429, 710

Plants and moonlight, 622

Platynereis megalops, lunar periodicity in,
623

Pleurobrachia pileus, 86

Pleuronectes flesus, 845

— limanda, vertical distribution of post-
larvae, 844, 850

— microcephalus, vertical distribution of
post-larve, 845, 850

— platessa, conditioned response in, 530

Pacilochmius serpens, vertical distribution,
87

Polycarpa comata, 162

— fibrosa, 178

— glomerata, 172

— gracilis, 178

— pomaria, 178

— rustica, 162, 172, 178

Polyclinum aurantium, 180

Polydora ciliata larve, 567, 569

— hoplura larve, 567, 578

Pontophilus spinosus larvee, vertical dis-
tribution, 99

Porcellana zoem, vertical distribution, 96

Publications recording results of researches,
753

Pyura savignyt, 178

— squamulosa, 178

— lessellata, 178

R
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Sagartia, 16

Sagitta  bipunciala, vertical distribution,
87, 108

Salpa fusiformis, 180

— matcronata, 180

Saphenia  gracilis,
86

Sardina pilchardus, vertical distribution
of post-larvae, 834

Sargassum, lunar rhythm in reproduction,
622

Neolanthus callimorphus, 20

vertical distribution,
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Seomber scomber, vertical distribution of
post-larvae, 848, 850

Seophthalmus norvegicus, vertical distri-
bution of post-larve, 841, 850

Seawater, nitrate in, 183 ; phosphate and
silicate content. of, 191 ; photo-syn-
thesis in, 321; penetration of light
into, 455 ; salinity, 541 ; temperature,
539 ; tides, 537

Sidnyum elegans, 179

— turbinatum, 179

Slabberia halterata, vertical distribution, 85

Soils, soluble silicate content, 703

Solea, vertical distribution of post-larvee,
845, 850

Spisula elliptica, growth of, 695

Steenstrupia rubra, vertical distribution, 83

Stolonica socialis, 178

Stomatoea dinema, vertical distribution, 85

Stomphia, 16

Styela partita, 162

Styelopsis (Dendrodoa) grossularia, 169, 178

— grossularia, 162, 172

Sulphides in sandy beach, 555

Syndosmya alba, growth of, 690, 695

rl\
Tealia, 16
Tellina fabula, in Kames Bay, 695
— tenuis, biology of, 683
Terebella fulgida, 142

879

| Teredo, calcareous tubes round the siphons,
712

Tethyum pyriforme americanum, 162

Tetraphyllidean Cestoda, classification, 711

Thysanoessa inermis, 58, 62, 63

— raschii, life-history, 57, 59

Tides, 537

Tomopleris  helgolandica, vertical distri-
bution, 87

Tornaria larvae, vertical distribution, 99

Toxopneusthes variegatus, lunar periodicity
in, 623

Trididemnum tenerum, 180

Trigla, vertical distribution of post-larvea,
841, 848, 850

Twrris pileata, vertical distribution, 85
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Upogebia larvee, vertical distribution, 95

W

Whiting, chemical composition, 207, 210 :
maturity stages, 208

Z

Zeugopterus punclatus, vertical distribution

of post-larvae, 842, 850
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